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A revolution is occurring in the world of medicine, one that will have profound eff ects not only on the way medicine 
is practiced, but also on the way medicine is taught to students at all levels. New terms and phrases such as managed 
care, health care reform, covered lives, evidence-based practice, insurance exchanges, and capitation have fi ltered 
into our vocabulary alongside more traditional terms such as tetralogy of Fallot, bronchopulmonary dysplasia, and 
thrombocytopenic purpura. For health sciences students, perhaps the greatest change will be in the venue in which 
patients are encountered. Th ere has been a signifi cant shift in health care delivery from the inpatient ward to the 
outpatient setting, whether a private offi  ce or satellite clinic, an ambulatory surgery unit, or a day hospital. Th e focus 
of most general pediatric care has shifted from the inpatient ward to the outpatient setting and also from episodic 
treatment to prevention. At the same time, biomedical and technological advances have made inpatient care even 
more complex and high-acuity, and have increased the number of vulnerable children with complex chronic diseases 
surviving into adulthood. In many settings, roles traditionally carried out by physicians are being performed by other 
health care providers such as physician assistants, nurse practitioners, and health care technicians.

Pediatrics for Medical Students was written in the midst of this health care revolution to serve as an introduc-
tory text for students during their clinical medical school experiences. It strives to do something no other text has 
attempted: to concentrate on evaluative skills and logical approaches to both common and uncommon pediatric 
problems and on the development of rational diff erential diagnoses, rather than serving as an exhaustive refer-
ence. In doing so, this text provides students with insight into the clinical diagnostic thinking of some of today’s 
premier pediatric clinicians. To these experienced clinicians, the process of developing and refi ning a diff erential 
diagnosis is akin to solving an elegant puzzle. Pediatrics for Medical Students also stresses the essentials of modern 
pediatric medicine with a view toward the challenges of pediatric practice in the 21st century. It has links to a 
sophisticated companion Web site and a robust library of visuals now available as a result of Internet accessibility. 
It also contains revised questions based on Pediatric Content Specifi cations developed through the leadership of 
academic pediatrics and Th e American Board of Pediatrics. It emphasizes the pediatrician’s unique developmental 
perspective and opportunity to actively prevent future illness by altering life habits at an early stage. Finally, it 
has received the endorsement of the American Academy of Pediatrics as its recommended textbook for medical 
students, and should also serve as a key resource for allied health professionals on their pediatrics rotations.

Contributors to Pediatrics for Medical Students have been chosen from the attending staff s at several ma-
jor medical schools, based primarily on their communicative skills, teaching abilities, and agreement with the 
educational philosophy of the text. Th e contributors have imparted the sense of challenge and accomplishment 
associated with arriving at a well-conceived diff erential diagnosis and management plan.

Pediatrics for Medical Students is organized to help students make the transition from the systems-oriented 
approach of the preclinical years to the problem-oriented approach of the clinical years. Some chapters focus on 
the general practice of pediatrics; these allow students to appreciate the normal preventive visit, including exten-
sive discussions of preventive strategies and anticipatory guidance. More traditional systems-oriented chapters 
describe a uniform, systematic approach to developing a diff erential diagnosis that will serve as a model for as-
sessing all clinical problem situations. Other chapters focus on emerging areas of health care, including medical 
ethics, health care economics in the midst of health care reform, and social and cultural issues in pediatrics.

With the growing complexity of modern pediatric medicine, it is increasingly diffi  cult for beginning stu-
dents to master all the details of pediatric diseases. Pediatrics for Medical Students views pathophysiology as a key 
to students’ understanding of disease; this approach helps students develop diff erential diagnoses and logical 
management. Th e text emphasizes diff erential diagnosis, which goes hand in hand with an appreciation of the ap-
propriate use of diagnostic tests. Medical cost containment issues are interwoven throughout the text. By teaching 
sound medical practice, students automatically learn cost-eff ective medical practice. Finally, Pediatrics for Medical 

Students emphasizes, both in a separate chapter and in appropriate context, the medical, epidemiologic, and social 
implications of our multicultural pediatric population.

PREFACE
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Suggested readings at the end of each chapter include several components: one or two recommended 
textbooks for those desiring a more detailed examination of the subject, several well-written review articles in 
easy-to-fi nd journals such as Pediatrics or Pediatrics in Review, and several seminal journal articles in the fi eld. 
Th ese references are intended for those students whose interest has been piqued and who wish to explore the 
latest developments in both basic science and clinical research as applied to a particular pediatric illness.

Pediatrics for Medical Students has several unique features, including:

• Pediatric pearls: Each chapter contains several key, “take-home” pieces of information that all students 
should know.

• Companion Web site: Additional fi gures, diagrams, tables, and other information keyed to each 
textbook chapter.

• USMLE-type questions: Questions based on the subject matter in each chapter, with explanations of 
the answers, both correct and incorrect, are included on the Web site.

• Updated references: A combination of up-to-date review articles and seminal references that have 
made major advances to the fi eld are included for each section of each chapter.

We hope that students enjoy these important learning tools, fi nd the organization and content of the book 
useful, and enjoy working with children.

Daniel Bernstein, MD

Steven P. Shelov, MD, MS
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Steven P. Shelov and Daniel Bernstein

Being a medical student or student in the allied health professions nowadays is not easy. Not that it ever was 
“easy,” for surely our selective memory of those years has protected us from remembering the diffi  cult times and 
has permitted us to glorify the more convivial and rewarding times disproportionately. Nevertheless, we truly be-
lieve that current health care students have to contend with elements that did not confront students in the past.

Pediatrics for Medical Students is intended to present a large variety of pediatric “information” in as under-
standable and usable a fashion as possible, but it would be an error not to take some time to recognize a number 
of issues relating to education during clinical clerkships that often go unstated and unrecognized. Some of this 
material is drawn from a landmark article entitled, “Th e Vulnerability of the Medical Student,” published in the 
journal Pediatrics in 1976 by Drs. Edwenna Werner and Barbara Korsch to honor the memory of their mentor, 
Dr. Lorin L. Stephens. Th is reference is one we continuously cite to our medical students, residents, and physi-
cian assistant students during the course of their training. Other material is drawn from the increasingly impor-
tant issues of medical issues and accountability for adverse health care outcomes. Still other material is derived 
from our own cumulative experience of some 50 years of exposure to young trainees in this specialty. Finally, 
there is material that focuses on the medical student as a learner and an evolving teacher. Th rough a combination 
of these four sources, we hope to bring some context to the material off ered in the chapters to follow.

DEALING WITH UNCERTAINTY
Th e majority of learning and teaching strives toward some sense of achieving certainty. Th e basic sciences, espe-
cially those assembled for your appreciation in preclinical training (i.e., the fi rst 2 years of medical school), have 
emphasized the need to strive to a level where we are certain about what we do. Whether we are talking about 
biochemical pathways, the genetic determinants of sickle cell disease, or any of the many facts that you have 
committed to memory from those years of basic science, your teachers have stressed that there is a great deal of 
certainty about your evolving knowledge base.

In addition, you learned that the more you applied yourself, the more of these “certain facts” you would know. 
To be successful in medicine, you are repeatedly told that certainty is always the achievable goal. During the upcom-
ing clinical years, many of your teachers will imply that certainty in clinical medicine is also an achievable goal. Th us, 
as you jump into that fi rst clinical clerkship, you are no doubt eager to apply your newly mastered knowledge base 
from the basic sciences to clinical practice. However, you learn that you have not been well prepared for the wall of 
uncertainty that you encounter as soon as you begin to work up that fi rst patient.

Indeed, you soon learn that clinical medicine is far from certain and that any attempt to make it certain 
quickly leads to a sense of frustration, disappointment, and confusion. Some of this confusion and frustration 
is avoidable if you recognize that medicine is often uncertain and that in spite of this fact we can still do much for our 

patients and derive much satisfaction from the careful application of what we have learned.

We believe that the simple recognition that certainty is not always attainable is an important fi rst step 
for the beginning clinician. Once you realize that and yet strive to apply all that is known to achieving a more 
certain state, you will fi nd a more livable sense of balance in your role as a health care provider and, no doubt, a 
more satisfying sense of who you are and what you can and cannot do (i.e., you have limitations).

Th e major reasons for the inability to achieve certainty all of the time (actually, much of the time) are our 
incomplete knowledge base and the fact that the subjects of our combined art and science are real people, not ideal-
ized textbook examples. Children with meningitis do not all present in the same way; some children with fever are 
truly more ill than others, yet we may not always know how to spot them. What is the best diagnostic approach? 

INTRODUCTION

770309_FM.indd   xiv770309_FM.indd   xiv 5/6/11   5:09:07 PM5/6/11   5:09:07 PM



xv

What is the highest yield from a particular test? Parents diff er in their ability to recognize developmental delay or 
aberrances in their child’s behavior. How can you best advise them to change their child’s behavior?

With those multiple-choice questions we have all spent so much time answering, the answers are certain; 
in clinical medicine, the answers vary. Th ey vary sometimes because of things that may be measurable and other 
times because of things that are not measurable. Th e hallmark of a good clinician is the ability to account for 
these variables. As long as you are systematic in your thinking, eager to embrace alternative explanations, open 
to suggestions, and willing to listen at all levels, you will be successful. Each day you will learn more, experience 
more, and grow as a clinician, moving a little more from uncertainty to certainty. But be prepared to carry 
around with you a continued supply of uncertainty, and do not feel you are very diff erent in substance from even 
the most senior of clinicians you meet; you are diff erent only in degree.

IDENTIFICATION WITH THE PATIENT
Although it may be diffi  cult to remember, you had another life before you became a health care professional. 
Th roughout your past and present life, you witnessed much and incorporated many diff erent experiences and 
observations into your present persona. You are a function of your parents and friends, your previous life situa-
tions, and your original makeup. Th ese parts of you do not disappear when you encounter your fi rst patient; they 
are, in fact, incorporated into every patient encounter you will have. It is inevitable that you will frequently and 
often unconsciously compare your present experiences with your previous ones, adapt to them, and allow them 
to alter your present makeup. Many of these changes occur consciously, but there are many others of which you 
are not aware.

Some clinical encounters are diffi  cult situations that unconsciously remind you of your own fears, your 
past or present relationships, or your own family. Th ose situations, which evoke an overidentifi cation response, 
are often the most complex. It may be diffi  cult to identify and become conscious of them. Nevertheless, these 
reminders will play havoc with your sense of stability and create unease and anxiety that you may have diffi  culty 
sorting out. Often, overidentifi cation with a patient or family results in a driving need to rectify or fi x a problem 
for which there is no easy solution. To highlight the pitfall of overidentifi cation, we often cite a special quote 
from the article by Werner and Korsch:

I believe I would have been a better intern and a better young physician, and that I would have learned more and suf-
fered less, if someone could have told me explicitly, repeatedly, and patiently that the dying at hand was not my own, 
that the patient whose death I attended was not, in fact, myself, nor was it my wife, nor my child, nor my parents, nor, 
fortunately, was it often my friend. And most important, I needed to be told and taught that the dying which I was 
attending did not, in itself, increase my vulnerability nor the vulnerability of those for whom I cared most deeply. Th e 
confusion involved in the sympathetic relationship, wherein identities merge and blur—this is what is intolerable and 
excruciating and blinding.

You can become aware of when this is happening to you if you are sensitive to your own feelings, realizing 
that some anxiety should be expected. However, you should recognize that if these feelings begin to aff ect you 
in such a way as to infl uence your satisfaction with your clinical role or your ability to make clear decisions, 
it may be stronger than you realize and needs to be dealt with in some way. One method that we have found 
useful is regularly scheduled mentoring groups with students or residents. When discussing overidentifi cation 
and related issues, other members of the group, including faculty mentors, often share similar experiences and 
feelings. Once these feelings of anxiety related to overidentifi cation become “fair game” for discussion, the 
resistance to discussion drops, and each participant is able to contribute his or her own experiences and reac-
tions. Th e individuals in such a group often come to the realization that their past experiences are inextricably 
interwoven with their present situations. Because these encounters often deal with life-and-death matters, 
their relevance becomes highlighted. Recognizing that this is a shared experience with your colleagues is usu-
ally the fi rst step in the course of regaining some control over these situations.

SENSE OF RESPONSIBILITY—DEALING WITH LIFE AND DEATH
For medical students, who are protected from the real world by the comfort of the classroom, the basic science 
years are often just a continuation of the years of college, just more intense and with greater stakes. Th e clinical 
years are a diff erent story. Medical students in TV shows embody many of the responses characteristic of new 
clinicians. At times bragging and confi dent, at other times sheepish and lacking confi dence, and at still other 
times frustrated when the role confusion is maddening—all are part of the clinician trainee’s mental state.
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You, too, are immediately thrust into a “real world” of sick people who may convey signals of helplessness, 
neediness, illness, anxiety, and uncertainty about their present or future existence, as well as an often overwhelm-
ing sense that without your help they will no longer be able to “make it.” Much of this has to do with, and is 
created in response to, the multiple roles and responsibilities demanded of you in dealing with real people un-
dergoing a traumatic loss of who they are because of illness. And you, with all of your newfound wisdom, are 
expected to make it all better.

Th e fact of the matter is that there is no way you can possibly do that. You are just at the stage of attempt-
ing to integrate your newly learned, although fragile, knowledge base into this whole new world of real patients. 
Each new clerkship places you in new settings that keep you enough off  balance so that you often develop self-
doubts. How are you ever going to be able to learn enough, be confi dent enough in your knowledge and deci-
sions, and just be calm enough to see yourself through successfully in any of these new roles? You will succeed 
with time. Th at is why clinical training takes place over years, not months, and why clinical confi dence in new 
roles is a graduated series of responsibilities rather than something you are immediately expected to succeed 
at in the fi rst few months of clinical experience. Unfortunately, someone forgot to tell your sense of your own 
expectations about these reservations regarding your level of responsibility. To quote once again from the article 
by Werner and Korsch:

Th e study of medicine is in fact the study of living and dying. No more central nor enormous concern seems to exist: or 
at least this seems so for the peculiar and puzzling species of men and women who elect to take upon themselves the 
role of physician. And the innermost mystery of all, the most frightening, the most compellingly interesting, the most 
inescapable truth encountered in this journey is that one cannot learn about living and dying only in others. One cannot 
help but make inferences about one’s own life and death . . . it seems true beyond doubt that upon one’s comprehension 
of living and dying depends one’s ability to serve as a physician.

Th e solution is for you to feel that you are shouldering a level of responsibility appropriate for your present 
level of training. You may need some help recognizing this at times, and those more senior to you may also need 
to be reminded about it. Feeling that you have an overwhelming responsibility for particular patients or their 
patient outcome will interfere with some of the growth that is essential for your future security as a clinician. 
Th is is not to say that you should not eagerly and enthusiastically engage your clinical responsibilities head on. 
You will gain much more from clinical experiences in which you play an active role. However, being an active 
participant does not mean you have ultimate responsibility for all of the outcomes, good or bad. Th e time will 
come in the future where your level of responsibility will increase; with that will come the increased knowledge 
and experience and the comfort that is part of that seniority.

YOU, THE ADULT LEARNER AND MENTOR IN THE MAKING
It is important that you begin to fully apply those principles of adult learning that for your future will dictate 
your ongoing success. As such a learner, you will follow the principles of adult learning, made clear by Knowles 
(1970), which are the following:

1. Establish or be learning in a climate that is safe and comfortable to be fully expressive.
2. Involve yourself and other learners in understanding methods of developing curricular content. 
3. Assess your own learning needs as well as those of others.
4. Encourage yourself and others to develop your learning objectives.
5. Identify resources and strategies for using those resources to meet your own and learning objectives of 

others.
6. Support other learners in carrying out their plans and seek support on carrying out yours.
7. Be prepared to evaluate your own learning and develop skills in self-refl ection.

Th ese adult learning skills are the framework by which you will learn throughout all of your clerkships, 
your residency training, and your ongoing education when you fi nish formal training. As you move further along 
the educational paradigm, you will also be asked to educate others along the way. In those important encounters 
with younger trainees, try to apply the SEVEN principles of good educational practice developed by Chicker-
ing. Th ese practices are:

1. Encourage contact between yourself and the learner.
2. Develop a degree of reciprocity and cooperation among the learners.
3. Encourage ACTIVE learning.
4. Give prompt feedback.
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5. Emphasize time on task.
6. Communicate high expectations.
7. Respect diverse talents and ways of learning.

Following these principles of education, based on adult learning theory, will prepare you for the clinical 
learning and teaching you will do over the next 2 years and beyond through residency. As Parcell and Bligh (2001) 
have described, clinical teaching is a major part of a clinician’s professional life and development. If one learns to 
teach well, it will, by defi nition, allow for the exploration of new ideas and methods. Collaboration among learners 
and teachers is the key to being successful in both areas. Th e fi ve questions you need to ask yourself are:

1. What do I need to know to be an eff ective clinical teacher?
2. What roles do I need to adopt?
3. What attributes do I need to possess?
4. What teaching strategies do I need to apply, and in what circumstances?
5. How do I know my clinical teaching is eff ective?

Finally, the following list includes ideas that students tell us they would like included as part of their clini-
cal teaching experiences (Copeland and Hewson, 2000).

1. Increasing responsibility for patient care
2. Consistent observation and feedback
3. Appropriate probing questions to link existing and new knowledge
4. Opportunity to process technical and problem-solving skills
5. Clear and timely answers to problems
6. Seeing patients fi rst
7. Enthusiastic teachers (interesting, stimulating and enjoyable)
8. Mentors (knowledge, skills, and attitudes)
9. Opportunity to refl ect on clinical experiences
10. Encouraging self directed learning

Utilizing the previous principles with the needs expressed by students should serve as a template for how 
to approach every learning opportunity you will face during your clinical years. 

TO ERR IS HUMAN . . . (ARE ERRORS PERMISSIBLE?)
In 1999, the Institute of Medicine issued a report entitled To Err is Human: Building a Safer Health System. 

Th is highly publicized and critiqued white paper brought the issue of the consequences of medical errors to the 
forefront. It gives a relatively scathing account of the dire consequences of medical errors in the hospital setting 
and challenges the universe of the health care setting to develop remedies for these problems. Although many 
experts have stated the data are poorly drawn from overly high-risk settings and do not pertain to their situation, 
the overwhelming consensus is that much of what the report contains is on target.

As students, you will be thrust into settings in which you have to grapple with health and safety issues as they 
pertain to a particular setting. Our advice is to learn from the approaches to system change that are taking place 
around you; apply the principles of critical self-study and change when necessary; and become part of the solution, 
not part of the problem. Hospitals are complex places, and great care is necessary to ensure that the systems work 
for the patients, not against them. Reducing medical errors is everyone’s business. You are in an ideal setting to see 
the benefi ts of a positive approach to change. Take advantage of those opportunities to learn and grow.

COMMUNICATION IS THE KEY

To write prescriptions is easy, but to come to an understanding with people is hard.
 Franz Kafka

It is not always easy to eff ectively fi nd out the things you need to know about your patients. Many times it 
is even harder to tell them about things that are happening to them, especially the diffi  cult things. Nevertheless, 
good patient communication is the key to becoming a good clinician. In addition, the most diffi  cult and often 
least clear-cut issues revolve around the psychosocial aspects of a patient’s  condition. You will quickly discover 
that diseases are not often explained by one factor alone and that there is much truth in Engel’s “unifi ed concept 
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of disease,” which holds that every disease has multiple components—a biologic, an emotional, and a social 
component. Th ese components are the challenge to clinical medicine, and uncovering them depends on clear 
communication and the ability to recognize the importance of psychosocial issues. We also recognize that it is 
often harder to relate to patients who present with a predominance of these issues.

In a county-type hospital, when everyone’s social ills are really in a lot of ways more important than the immediate 
pneumonia, it is quite a distraction. At County Hospital a patient with terminal cancer is much easier for me to deal 
with than four or fi ve chronic alcoholics that come in with another pneumonia, and they’re starting a decompensate 
again. You know that no matter what kind of medical treatment you give these people, the society, for them at least, is 
such that they will be back again. . . . When I have a real patient with real ills that I can handle, I’m very happy.

It is important to combat any resistance that occurs, diminish your skepticism, and realize that the process 
is a dynamic one. You will come to realize that if you are open to hearing about these “other issues,” your patients 
will feel well served and feel that they have truly made a connection to “their doctor.”
Two quotes of Dr. Stephens’, from the last two pages of the article by Werner and Korsch, are pivotal and should 
be required reading for all those who are students or teachers of clinical medicine.

If the issues described above are disregarded or dealt with only incidentally or accidentally, the students, in large num-
ber, will stumble in their desperation into the maladaptive roles seen all around us in graduate physicians. Th e students 
will meet these issues by transmuting their patients into abstractions, which off er neither the pain nor gratifi cation 
of human intimacy. Th ey will take refuge from human responsibility in obsessive attention to detail, to the particular. 
Th ey will, in futility and panic, resist what they perceive as encroachment on their territorial imperatives in the form 
of health-care delivery evaluation, or even physician review processes. Th ey will fi nd other sources of gratifi cation than 
in professional excellence: the talk in the surgeons’ dressing room more often concerns the Dow-Jones averages and 
the golf course than it does patients, for many reasons, but some of the above pertain. All-gullible, they will accept the 
force-feeding of the detail man or the latest surgical vogue as the treatment of the lesion. Th ey will avoid the dying 
patient rather than threaten the protection aff orded by their illusory defenses. Th ey will continue to get inferior medi-
cal care for themselves. Th ey will not allow themselves fascination with the infi nite variety of patients’ problems and 
physicians’ solutions.

Th ere are those who will tell you that being a physician is a curse, a life of endless and ambiguous work, where at best 
we are consumed in a holding action—and all that, without experiencing appropriate appreciation of our sacrifi ce.

I do not feel that way. Being a physician I consider the highest privilege I can imagine. Along with the joys from my 
family, my life as a physician has provided me with moments of epiphany, transcendental moments of lucidity . . . To be 
a physician—to be permitted, to be invited by another human being into his life in the circumstances of that crucible 
which is illness—to be a trusted participant in the highest of dramas—for these privileges I am grateful beyond my 
ability to express . . .

Th ese statements refl ect the caution and optimism that occurs as you embark on the long journey of be-
coming a clinician. It is with these thoughts, encouragements, and refl ections that we welcome you to this, your 
introduction to the world of children’s health and disease. Enjoy these times; it is our hope that the material 
enclosed will help make your journey toward certainty a little bit easier and a great deal more satisfying.
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Th e arrival of a newborn infant is an extraordinary event for a family. It releases a fl ood of emotions ranging 
from great joy and great expectations to great fear. Families feel particularly vulnerable at this time, and all 
health care providers must be sensitive to this. A careless word or a seeming indiff erence to a question may cause 
great pain for the parents. Th is chapter sets forth an approach to evaluating the newly born infant and com-
municating with the family.

PRENATAL INTERVIEW
About 4 weeks before the expected date of birth, many pediatric providers off er a prenatal interview to expect-
ant parents whom they have not met. Obstetricians, midwives, leaders of prenatal classes, or friends who have 
previously enjoyed this experience may refer the parents.

Th e prenatal interview is an eff ective way for prospective parents to meet the provider at a relatively un-
pressured time. It is best to schedule the interview at the end of offi  ce hours (i.e., at a time when the offi  ce is 
quieter and the pressure to keep seeing patients is no longer there). Because expectant mothers often work until 
their due dates, the end of the day is often convenient for both parents.

After the initial introductions and questions relating to how the couple was referred, the interview should 
take the form of a formal medical history of both prospective parents. Th is should include the following topics:

• Th e length of time the couple has been married
• How easy or diffi  cult it was to achieve conception
• Problems that the parents experienced during this or previous pregnancies
• Medications now being used
• Alcohol and smoking habits
• Problems that they or other family members may have had with their children
• Medical and genetic problems of other family members
• Ultrasound results
• Results of maternal screening tests; for example, chromosomal/genetic disorders

Although in many cases the answers to these questions yield relatively little information, focusing the discussion 
in this way helps the pediatrician learn about how the couple interacts, how they deal with apparent tensions, 
and whether any information elicited from one parent is a surprise to the other. Th e interview is a good gauge 
of how well prospective parents communicate. Th e interview is also a good way for the parents to learn how the 
physician communicates.

In the average middle class American family, the expectant mother asks most of the questions, with the 
support of the husband. It is unusual if the man does most of the talking. In such instances, the pediatrician may 
need to provide the woman with a great deal of support in the fi rst few months of her infant’s life. She may be 
depressed, and this condition may become worse after delivery.

Pediatric Pearl: In some cultural groups, a woman does not speak much in the presence 
of her husband. This may pose problems in the prenatal interview when questions about 
parenting issues are discussed.

Pe
of
pa

1
Approach to the Normal Newborn 
Andrew P. Mezey
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Th e next portion of the interview should focus on what the couple plan to do after the baby is born. Although 
much of this deals with breast-feeding versus bottle-feeding, safety and general care concerns warrant attention. 
Now is the time to provide information about car seat usage; the risks to the infant of passive exposure to cigarette 
smoke; fl uoride, iron, and vitamin use; and crib safety, including the potential dangers of old cribs and how to de-
termine proper mattress size. Questions about if and when the mother or father plans to return to work, the couple’s 
plans for child care, and the availability of social support from family and friends are all appropriate at this time.

In closing, the pediatrician should ask the parents whether there are any issues that have not been covered 
or are unclear. After that, the pediatrician should explain how he can be reached after the delivery and when 
and how often the infant will be seen in the hospital. He should also ask the couple to phone him if they have 
further questions after leaving the offi  ce. If the pediatrician uses e-mail and/or a Web site for communication, 
this, too, should be discussed. An interview of this depth takes between 30 and 45 minutes, but it is well worth 
the investment of time, especially if any problems arise during or after the birth of the infant. After a successful 
prenatal interview, the pediatrician has achieved credibility as someone who is concerned about the parents and 
the unborn child. Th is interview makes it easier to discuss issues that may arise at the time of delivery, which 
occur at an emotionally charged time.

INITIAL EVALUATION OF THE NORMAL NEWBORN
For normal births, a pediatrician/neonatologist is not present at the delivery. Currently, most hospitals in urban 
settings will have a neonatologist on call to attend births when there is the likelihood of a complication, such as   
during preterm birth, multiple births, or another indication that someone be there to resuscitate and stabilize the 
infant. Th e management of the infant in these situations is covered elsewhere in this book.

In most cases, the infant is born without problems, and the hospital staff  notifi es the pediatrician’s offi  ce of 
a birth in a routine manner. Hospital personnel call the offi  ce and leave a message, and the pediatrician appears 
at the nursery, usually within 12 hours after the birth, but certainly no longer than 24 hours. After arriving at the 
nursery, the pediatrician should fi rst review the delivery record and the infant’s chart.

Review of the Delivery Record
It is important to note the length of the delivery; the duration of ruptured membranes; the mother’s course dur-
ing labor, particularly temperature elevations that necessitate administration of antibiotics; and the condition of 
the infant at birth as described by the Apgar score. If a delivery has been long, the mother may be exhausted and 
perhaps dehydrated, which may interfere with her ability to begin breast-feeding. If the membranes ruptured 24 
or more hours before birth, subtle symptoms or signs of infection in the newborn warrant closer attention. If the 
mother has a history of prolonged rupture of membranes in the presence of fever, it is essential to decide whether 
to perform a sepsis workup on the baby, even in the face of a well appearing infant. Th e actual management of 
such infants varies and is covered elsewhere in this book.

Th e Apgar score is the standard, time-honored method for evaluating the well-being of newborn infants at 
the time of delivery (Table 1-1). In practice, there are usually two Apgar scores, the fi rst done at 1 minute after 
delivery and the second done at 5 minutes after delivery. Two points are given for each of fi ve observations, for a 
potential total score of 10. Scores of 7 to 10 at 1 and 5 minutes are indicative of a stable infant. If the score is less 
than 7 at 5 minutes, another score is done at 10 and at 20 minutes. If the score remains low, a decision to observe 
the infant in an intensive care area is appropriate.

Even the most normal infant does not usually have an Apgar score of 10 at 1 minute; most infants have 1 
taken off  for color. Many parents are familiar with Apgar scoring and will ask about it, so even if the pediatrician 
is not particularly interested in whether the Apgar score is 8, 9, or 10, the parents will be. Th e pediatrician should 
be prepared to discuss it with them (see Table 1-1).

In addition to noting the Apgar score, it is important to be aware of the resuscitative eff orts that have taken 
place in the delivery room. Th ese may range from routine care to oxygen by face mask to endotracheal intuba-
tion. Th e more aggressive the intervention, the more concerned the pediatrician should be about the eff ects of 
asphyxiation on the infant, even in the face of Apgar scores of 7 or more.

Review of the Infant’s Chart
It is important to review an infant’s chart for the blood type and Rh factor of the mother; the infant’s blood type 
and Rh status; the Group B streptococcal status of the mother; the serology and hepatitis B status of the mother; 
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the HIV status of the mother; the infant’s vital signs, especially heart rate and respiratory rate; and whether 
the infant has urinated and passed meconium. If the mother is Rh-negative, the infant is Rh-positive, and the 
direct Coombs test is negative, the mother should receive RhoGAM within 72 hours of delivery. Comparison of 
the mother’s blood type with that of the infant’s determines whether there is a potential ABO incompatibility. 
Th e blood bank will report a positive Coombs test, but jaundice associated with non–Coombs-positive ABO 
incompatibility is possible (see Chapter 10). Th erefore, careful observation for the early development of jaundice 
is necessary in all infants with an ABO setup. (If the mother is O-positive and the infant is type A or B, there is 
a possibility that the mother’s antibodies may cause rapid breakdown of the infant’s red blood cells [RBCs].)

If the mother’s serology for syphilis is unknown, the test for syphilis should be requested on the cord blood. In 
many areas, serologic testing of cord blood for syphilis has become routine, even when the mother has been tested during 
pregnancy. It is also usual in almost all places to determine hepatitis B immune status as part of prenatal care. Th e man-
agement of the infant of a mother who is a carrier of hepatitis B surface antigen requires the administration of specifi c 
immune globulin and hepatitis B vaccine within the fi rst 12 hours after birth. Th e American Academy of Pediatrics 
(AAP) now recommends that all infants be immunized against hepatitis B soon after birth. Standard practice is to ad-
minister the vaccine in the hospital nursery prior to discharge even when the mother is known to be HBsAg negative.

Most mothers now receive testing for HIV infection during pregnancy. If the HIV status of the mother is un-
known, it is essential to take a blood sample from the infant (not from the umbilical cord) as soon as possible after 
birth to determine the presence or absence of HIV antibody. Depending on local law, this HIV test may or may 
not require consent from the parents. If the mother is HIV-negative, no further action is necessary. If the mother 
is HIV-positive, it is necessary to draw blood from the infant for HIV DNA polymerase chain reaction testing 
and to begin oral zidovudine within the fi rst 8 to 12 hours of birth. Consultation with a pediatric HIV specialist 
is mandatory in all children born to HIV-positive mothers. If the mother is Group B streptococcus positive, she 
should have received two doses of amoxicillin prior to delivery. If she has not, protocols exist in all newborn services 
for the further management of the infant. Th is is covered in Chapter 10. 

Examination of the newborn’s chart to evaluate its cardiovascular status is also important. Th e normal range 
is 120 to 160 beats/min for the heart rate and 30 to 40 breaths/min for the respiratory rate. Noting deviations 
from this range helps focus the physical examination. Most infants urinate at or around birth; all should urinate 
by 12 hours. Failure to do so mandates a careful evaluation of the newborn for renal, bladder, and genital abnor-
malities, as well as the state of hydration. Most infants pass meconium within 12 hours after birth. Full-term 
infants who fail to pass meconium by 24 hours and in whom there is evidence of abdominal distension warrant 
evaluation for anal patency; Hirschsprung disease (congenital megacolon); intestinal obstruction; metabolic 
problems, including electrolyte abnormalities and hypothyroidism; neuromuscular diseases; and cystic fi brosis.

Until recently it was thought that late-preterm infants, defi ned as a gestational age of 34 to 36 weeks and 
6 days, could be treated as normal newborns because they generally did not require care in a special care nursery. 
It has been shown, however, that these infants should not be viewed as normal, full-term newborns. Th ey are 
more susceptible to hypothermia, hypoglycemia, hyperbilirubinemia, respiratory distress, and possible sepsis. In 
addition, we are now aware of the signifi cant remaining growth of brain cortical tissue that has not occurred 
if the baby is delivered prior to 37 weeks. As a result of these and other signifi cant issues, extra care should be 

 TABLE 1-1

Apgar Score

Score 0 1 2

Heart rate Absent � 100 beats/min � 100 beats/min

Respiratory eff ort Absent Slow, irregular Good, crying

Muscle tone Limp Some fl exion of extremities Active motion

Refl ex irritability 
(catheter in nose)

Absent Grimace Grimace and cough or sneeze

Color Blue Body pink, pale; extremities 
blue

Pink

Adapted from Apgar V: Proposal for new method of evaluation of the newborn infant. Curr Res Anesth 32:260, 1953
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taken to address these issues, fi rst with the obstetrician prior to delivery (especially if there is planned, elective 
induction), with nursery personnel, and with the parents should the baby be born as late preterm.

INITIAL PHYSICAL EXAMINATION
Most infants are born without visible major anomalies. If visible major abnormalities exist, the pediatrician’s task is 
to determine whether any associated disorders such as cardiac or renal malformations are present, and if so, to deal 
with them as quickly as possible. If no major anomalies are apparent, the task of the pediatrician is to try to rule out 
any abnormalities by thorough physical examination (Table 1-2). It is important to note any minor problems, point 
them out to the parents, and explain their implications. Generally, these minor abnormalities are skin-related and 
obvious even to the casual observer.

General Appearance
Healthy newborns assume a typical position of fl exion of the arms and legs when in the supine position because 
fl exor muscle tone is greater than extensor tone. Infants who are not in the fl exed position warrant evaluation 
for hypotonia, which may be a manifestation of many diseases of varying etiology (e.g., progressive spinal muscle 
atrophy [formerly known as Werdnig–Hoff mann disease], myotonic dystrophy, trisomy 21 [Down syndrome]), 
or may be related to birth trauma (see Examination of the Nervous System).

Th e head of a newborn may not be round because of the molding that occurs as the infant moves through 
the birth canal. Th e cranial sutures are not normally fused at birth. A newborn infant with a round head usually 
signifi es that the mother had a cesarean section without a trial of labor. In addition to molding of the cranium, 
there may be swelling over the occiput, or caput succedaneum, which is due to accumulation of fl uid in the soft 
tissues above the periosteum, secondary to pressure associated with delivery. Molding disappears within 24 to 48 
hours (see Examination of the Head). Bruises may be visible on the infant’s scalp and face if forceps were applied 
during delivery. Th ese disappear quickly also but, when seen, should prompt the examiner to check carefully for 
evidence of facial asymmetry secondary to pressure injury to the facial nerve from the forceps. Th is condition is 
most often temporary and resolves completely, usually within the fi rst week of life.

In addition, it is important to note an infant’s color. Infants are born with hemoglobin levels in the range of 16 to 
17 g/dL; therefore, they are ruddy in appearance when light skinned. Paleness may be secondary to anemia or to poor 
perfusion. If a newborn infant appears plethoric (too ruddy), maternal diabetes should be suspected. If the infant 
is one of twins, twin-to-twin transfusion should be suspected. Polycythemia in a newborn may be associated with 
neurologic symptoms, occasionally necessitating a decrease in hemoglobin by removal of some of the RBC mass.

Examination of the Skin
Th e skin of infants is thinner than that of older children, so blood vessels can easily be seen. Th e skin may have 
a mottled appearance known as cutis marmorata, a benign condition that will disappear. Th is condition may 
develop in older children when they are cold. Many infants have red markings on the upper eyelids, in the area 
above the nose, sometimes extending onto the forehead, and on the back of the neck. Th ese are known by a 
variety of names—nevus fl ammeus, vascular nevi, salmon patches, “stork bites” when on the back of the neck, 
and “crow’s nests” when above the eyes. Th ese disappear with time or, as on the back of the neck, when they 
become covered with hair.

Sebaceous gland hyperplasia is characterized by small yellow papules that are often seen over the nose and 
cheek; these disappear spontaneously. Milia, which are white papules, smaller than those seen with sebaceous 
gland hyperplasia, also disappear without treatment. What appears to be acne is sometimes seen in newborns. 
Th is is probably related to endocrine infl uences from the mother and also disappears without treatment.

Strawberry or capillary hemangiomas are elevated strawberry-colored collections of capillaries that have 
a variable appearance in newborns. Th ey may be fl at and look only like a small red dot, or they may be large, 
elevated lesions. Single or multiple, they may occur anywhere on the skin. Th ese interesting lesions have a life 
of their own, growing in size for 3 to 7 months, stabilizing, and then most often involuting completely, with 
no remaining scar or blemish. Th e pediatrician should tell parents that the involution most often begins by 1 
year of age and is complete by 5 years of age. However, sometimes the lesions may not disappear until after 8 
years of age. Leaving them alone, regardless of location, is the best course of action. An exception to this rule is 
the presence of a strawberry hemangioma on an eyelid, obscuring vision. In this instance, consultation with an 
ophthalmologist is required.
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6   SECTION I ■ GENERAL PEDIATRIC PRACTICE

 TABLE 1-2

Initial Examination of Newborns: A Checklist

System Important Questions

General appearance Does the infant appear comfortable?
Is the infant pink?
Are all four extremities fl exed?

Skin Are there any birthmarks?

Head Is the head circumference normal?

Face Does the face look normal?
Are there any stigmata of a recognizable syndrome?

Eyes Is the red refl ex present bilaterally?
Are the irises round and of the same color?

Nose Are the external nares symmetrical?

Ears Are the pinnae symmetrical and normal in shape?

Mouth Is the palate intact?
Are there any teeth or masses?

Chest Are the respirations symmetrical and eff ortless?

Heart Is a murmur audible?
Is the heart rate normal and regular in rhythm?

Abdomen Is the abdomen convex in shape?
Are any masses palpable?

Genitalia

 Male Is the penile meatus in the proper place?
Are both testes palpable and the same size?

 Female Are the labia majora and minora present?
Is the vaginal opening present?

Extremities Does the infant have ten fi ngers and ten toes?
Are the arms the same size?
Are the legs the same size?
Do the hips abduct fully?

Back Is the spine straight?
Are any dimples present in the midline?

Central nervous system Is fl exor tone greater than extensor tone?
Are both hands fi sted?
Is the infant’s cry strong?
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CHAPTER 1 ■ APPROACH TO THE NORMAL NEWBORN    7

Cavernous hemangiomas, which are much less common than strawberry hemangiomas, have a less pre-
dictable course. Th ese collections of larger blood vessels are often sizable. Th ey may initially appear as bluish 
masses under the skin, or they may be above and below the skin, or they may be present completely under the 
skin, occupying an organ such as the liver. When they are very large, they may be associated with thrombocy-
topenia or, even more rarely, with arteriovenous fi stulas, leading to high-output heart failure. Often, they mature 
by themselves and disappear; at other times, they require treatment with corticosteroids or radiation.

Port-wine stains, also in the nevus fl ammeus family, are permanent discolorations of the skin that on occa-
sion are associated with arteriovenous malformations in other organs. In Sturge–Weber syndrome, a port-wine 
stain is present in the distribution of the fi rst division of the trigeminal nerve, with vascular anomalies in the 
brain. In von Hippel–Lindau syndrome, a port-wine stain of the face is associated with vascular lesions of the 
retina and brain. Congenital glaucoma on the side of the lesion may also be present.

Examination of the Head
Th e head circumference of newborns should always be measured and compared with standards. It should be 
within two standard deviations of the mean for gestational age. A measurement that is more than two standard 
deviations from the mean may be a sign of hydrocephalus. A normal, full-term newborn should have a head 
circumference of approximately 34 to 35 cm.

Pediatric Pearl: The correct measurement is the largest one that can be obtained when a 
tape is passed around the parietal bones, just above the ears. The units should be centime-
ters rather than inches because almost all pediatricians trained in the United States in the 
last 35 years have been taught to think of head circumference in terms of centimeters.

Pe
ta
te

Th e chest circumference should be measured also and compared with the head circumference. In full-term 
infants, the chest circumference is 1 to 2.5 cm smaller than the head circumference. If the measurements deviate 
from these guidelines, consultation with a pediatric neurologist is advisable.

It is important to palpate the scalp for the presence, size, and feel of the anterior and posterior fontanelles. 
Th e anterior fontanelle is larger, is located at the juncture of the two frontal and two parietal bones, is fl at, and 
sometimes pulsates. Variable in size, it usually measures no less than 1 cm × 1 cm and no larger than 3 cm × 3 cm 
at birth. If the anterior fontanelle is either larger or smaller, but the head circumference falls in the normal range, 
nothing more than routine follow-up measurements is necessary. If the head grows normally, the variation in 
fontanelle size is considered normal. If abnormalities are apparent, either in the newborn period or later, consul-
tation with a pediatric neurologist is recommended. Th e posterior fontanelle should be present in all newborns, 
is found at the juncture of the parietal bones and the occipital bones, and is of fi ngertip size. It is diffi  cult to ap-
preciate fullness, tenseness, or depression over the posterior fontanelle. It is generally closed by 6 weeks of age.

It is also necessary to palpate the head for evidence of caput succedaneum, the boggy swelling in sub-
cutaneous tissues (see General Appearance). Learning to appreciate what a “caput” feels like is worthwhile to 
diff erentiate it from more extensive subaponeurotic swellings, which may be associated with signifi cant bleed-
ing. Typically the caput will “pit” on palpation corroborating that this is edema of the scalp, resulting from birth 
canal pressure during a diffi  cult vaginal delivery. Learning to appreciate closed-space bleeding of the scalp in 
newborns is essential because such bleeding may be associated with anemia and signifi cant hyperbilirubinemia. 
Cephalohematomas, which aff ect between 1 in 10 and 1 in 20 newborns, are not typically seen at the time of 
the initial examination but are apparent between 24 and 48 hours after birth. Cephalohematomas are defi ned 
as blood below the periosteum; therefore, they are confi ned to a single bone. In the skull, the various bones have 
their own periosteum, making it easy to diff erentiate a cephalohematoma from a subaponeurotic bleed, which 
can spread over several bones, occurring as it does between the bones and the aponeurosis that covers them. In 
newborns, cephalohematomas almost always occur over the parietal bone and are associated with a fracture of 
this bone about 25% of the time. When they are palpated, they appear to be “ballotable” and bounce back under 
the examining fi ngers. Th ey do not just pit as a caput does. However, when cephalohematomas are found in a 
newborn, it is unnecessary to obtain a skull radiograph to document the fracture because it is not associated with 
a depressed skull fracture. Th ese hematomas often last more than 4 weeks, so it is important to document their 
presence in the newborn period.
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8   SECTION I ■ GENERAL PEDIATRIC PRACTICE

Pediatric Pearl: Finding a new cephalohematoma in an older infant who comes in 
for a routine well-baby visit should make the examiner suspicious of child abuse.
PeP
for

If cephalohematomas are not reported in the newborn nursery but are found only after the infant has gone 
home, the parents may be falsely accused of child abuse. To avoid unnecessary concern about possible abuse, it 
is essential to note cephalohematomas at or before discharge.

Skull examination for the presence of symmetry is important. Asymmetric skulls may be associated with 
abnormalities of the brain or with premature closure of one or more of the sutures between bones. Suture closure 
in newborns is appreciated by an inability to ballotte the juncture of the two sides of the suture line. Normally, 
one can feel both sides move up and down in relation to each other. A ridge may also be palpable at the point 
where the two bones meet, although this fi nding is not always present when premature suture synostosis is 
diagnosed in the newborn. Th e most common premature suture synostosis in infants is the sagittal suture, the 
suture separating the two parietal bones; when pronounced, it is characterized by a lengthening of the skull in 
the anteroposterior dimension. However, in newborns, this lengthening may not be apparent. Th erefore, part of all 
routine examinations of the skull should include an attempt to detect suture synostosis. It is best to discover this 
abnormality early, although premature single-suture synostosis is not usually associated with brain abnormalities 
or progressive damage to the brain. Early diagnosis allows corrective measures, including surgery, to be performed 
at a time when the best cosmetic results can be achieved.

Finally, it is necessary to examine the skull for bony defects and for tabes of the skull. Tabes is a ping-pong 
ball feel of the skull; depression of the skull by a fi nger yields this impression. It is a benign condition and disap-
pears over time. Bony defects are usually in this category; they also disappear over time without sequelae. Skull 
radiographs should be taken to rule out any rare abnormality.

Examination of the Face
In newborns, almost more than at any other time, it is important to look carefully at the face. Look at the face 
straight on. Is the nose straight? Are the external nares symmetrical? During the birth process the nasal septum 
can be dislocated from its position in the vomerine notch. Marked asymmetry of the size of the external fl ares, 
which are normally of equal size and shape, is a sign of this abnormality. If recognized early, an experienced 
otolaryngologist can easily return the nasal septum to its normal position.

Look at the eyes. Are they slanting up or down? Do the eyes appear too big or too small? Does one eye 
appear larger than the other? Do they seem too far apart or too close together? If one eye appears too large or 
both eyes appear too large, the infant may have congenital glaucoma. Th e large eye is called buphthalmos or “ox 
eye” and is enlarged by the increased pressure in the eye. Th e earlier this condition is recognized and treated, 
the more likely it is that vision will not be impaired. Eyes that appear too small may be seen in those with fetal 
alcohol syndrome as a result of narrowing of the palpebral fi ssures. In this condition, the eyes may also appear 
to be too close together. Eyes that appear too far apart may be associated with midfacial abnormalities such as 
cleft palate syndromes.

Pediatric Pearl: Upward slanting of the eyes is seen in Down syndrome (trisomy 21); 
downward slanting is seen in Treacher Collins syndrome.
Pe
do

Look at the chin. Infants tend to have small chins, which grow larger as the child grows. However, if the 
chin is very small (micrognathia), the child may have Pierre Robin syndrome, a condition in which the small 
chin is associated with a small mouth, predisposing the infant to respiratory obstruction by the relatively large 
tongue. Look in front of the ears for a preauricular sinus or skin tag. Th ese are important only from a cosmetic 
viewpoint in the newborn, but if the examiner fails to see it, the parents surely will. Failure to see these and 
explain their presence to the parents puts all the other assurances you have given them in doubt. Although 
preauricular sinuses may become infected later in childhood, they should not be removed in the newborn period. 
Skin tags can be removed for cosmetic reasons later in the child’s life if the child or the parents wish it.

Look at the infant’s face while she is crying. Is the face symmetrical? A condition known as asymmetrical 
crying facies syndrome is associated with aortic valve abnormalities. Because a murmur in a newborn may not 
be appreciated, even when it is associated with a serious cardiac malformation, consultation with a pediatric 
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CHAPTER 1 ■ APPROACH TO THE NORMAL NEWBORN    9

cardiologist is warranted when asymmetry of the face is present. Facial asymmetry may also be associated with 
facial nerve palsy secondary to pressure on the facial nerve during the birth process. Even when the baby is not 
crying, this condition can be appreciated and is usually temporary.

Finally, look at the color of the infant’s eyes and hair; look at how much hair there is, and look to see 
whether the face has any bruises or puff y areas. You should mention all these things in your conversation with 
the parents, reassuring them that any bruises will disappear within a few days and that sparseness of hair now 
does not mean that the baby will not have a full head of luxuriant hair later. Showing that you have paid at-
tention to this kind of detail as part of your newborn examination assures the parents that you have paid equal 
attention to the other parts as well.

Examination of the Eyes, Ears, Nose, Mouth, and Throat
A description of a portion of the eye examination appears earlier (see Examination of the Face). Th e eyes of 
newborns may be opened or closed, and it is sometimes diffi  cult to see the infant’s opened eyes; this may be 
possible by holding the infant with one hand on its bottom and the other supporting the head. Slowly raising 
the infant from a supine to a more upright position may make the infant open its eyes. Further examination of 
the sclerae, conjunctivae, corneas, irises, and pupils is necessary. Subconjunctival hemorrhage, either unilateral 
or bilateral, may be present; this is not associated with internal damage to the eye, is secondary to the trauma 
of the delivery process, and disappears by the end of the fi rst week of life. Conjunctivitis is not generally ap-
preciated in the fi rst 24 hours after birth. When it is seen that early, it is generally a manifestation of a chemical 
irritation when silver nitrate has been used for gonorrhea prophylaxis. Acquired conjunctivitis, as seen with 
gonorrhea, does not develop for several days because infection occurs during the birth process and takes time 
to become apparent. Conjunctivitis due to Chlamydia trachomatis is not usually seen until after the fi rst week 
of life.

Th e sclerae in newborns are often blue as a result of their thinness. Th e corneas should be clear and no 
more than 12 mm in diameter. Both irises should be the same color. When they are not, the condition is called 
heterochromia iridis and is associated with Waardenburg syndrome or rubella embryopathy, causing atrophy 
of the iris. Both irises should be present; aniridia may be associated with Wilms tumor and genital abnormali-
ties in boys. Th e pupils should be symmetrical, although unequal pupils (anisocoria) may be seen in up to 25% 
of normal individuals. Th e more severe abnormalities such as colobomas (defects) of the iris warrant the at-
tention of an ophthalmologist.

Examination of both eyes for the presence of a pupillary red refl ex is necessary. An ophthalmoscope is used, 
setting the lens at zero, standing at a distance of 12 in to 18 in, and shining the light fi rst at one pupil and then 
at the other. A red refl ection should be present bilaterally; if it is not, the possibility that something is blocking 
the passage of light from the cornea to the retina should be a concern. In infants, this is usually the sign of a 
cataract. Th e absence of a red refl ex should be confi rmed, and consultation with an ophthalmologist is appropri-
ate. Th e list of causes of congenital cataract is long and includes congenital infections, metabolic disorders, and 
chromosomal abnormalities.

Although testing for extraocular muscular movements is not part of a formal examination in newborns, 
the movements and positions of the eyes are noteworthy. When the infant is looking straight ahead, the eyes are 
generally in the same position but may not stay that way with motion. Th is is not unusual. Persistent internal 
or external deviation is abnormal, although it is unusual to see this in the newborn period except in premature 
infants.

Examination of the ears for symmetry of size and for normal folding of the external ear is necessary. 
Abnormalities of the external ear may be associated with renal defects and hearing defects. A small ear—
microtia—is often associated with abnormalities of the middle ear, usually only on the side of the abnormality. 
Otolaryngological referral is appropriate because the early assessment of hearing is more important than the 
management of the cosmetic problem. Inspection of the ears for the presence of external auditory canals is 
warranted, and it is important to make a gentle attempt to visualize the tympanic membranes. Th is is not easy 
initially because the eardrum is in a more horizontal position in newborns. When the membrane is visible, it 
tends to appear less translucent than in older children.

Examination of the nose should be for symmetry, as described earlier (see Examination of the Face). In-
spection of the philtrum below the nose is necessary. A fl at, inadequately formed philtrum is associated with 
fetal alcohol syndrome. In addition, inspection of the nares for patency, secretions, and masses with a nasal 
speculum is necessary. With suspected choanal atresia, the clinician should attempt to pass a # 5 French cath-
eter through the nostril. If this attempt is unsuccessful, an otolaryngological consult is warranted.
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Examination of the mouth and throat is next. Th e mouth of the newborn should not contain teeth. 
When natal teeth are present, they are usually removed after consultation with a dentist because they tend 
to be attached loosely to the gum. When these teeth are not removed, they are usually shed soon after birth; 
aspiration is a concern. Interesting but usually benign lesions can often be seen in the mouths of newborns. 
Th ese include small inclusion cysts on the hard palate, generally in the midline, known as Epstein pearls. On 
the alveolar ridges, eruption cysts and mucoceles can sometimes be found; these are benign and disappear 
spontaneously. Careful inspection of the palate for evidence of a cleft is necessary. Large clefts are diffi  cult to 
miss, but small ones may go unnoticed. Inspection of the uvula is also important; a bifi d uvula may be associ-
ated with a submucous cleft of the palate, a condition that predisposes infants to middle ear infections.

Th e examination of the mouth should include an inspection of the tongue. Th e tongue generally looks 
normal, although there are still individuals who insist on making the diagnosis of tongue-tie in newborns. Th e 
frenulum that attaches the tip of the tongue to the fl oor of the mouth almost always appears to be short in 
newborns, compared with that in older individuals. Because of this, a diagnosis of tongue-tie would sometimes 
be made in the past and the frenulum clipped, without anesthesia, in the newborn nursery, using a small iris 
scissors. In almost all instances, this procedure is unnecessary. Although instances of actual tongue-tie do exist, 
they are rare. Before the diagnosis can be made, evidence that the shortening of the frenulum interferes with 
the functioning of the tongue (e.g., diffi  culty in sucking) should be present. In older individuals, the shortened 
frenulum may interfere with the ability to pronounce certain sounds.

A large tongue, macroglossia, can sometimes be seen. Th is condition may be seen in isolation or it can be 
associated with Wiedemann–Beckwith syndrome, Down syndrome, and Cornelia de Lange syndrome. Rarely, 
the tongue can be cleft and, even more rarely, absent; this latter condition is known as congenital aglossia.

At this point, inspection of the neck for evidence of an enlarged thyroid or for any other masses or abnor-
malities is appropriate. Midline neck masses may be thyroglossal duct cysts. Lateral masses may be branchial 
cleft cysts. Large, soft masses in the neck may be cystic hygromas.

Examination of the Chest
It is important to examine the chest for symmetry. Th e pattern of respirations should be noted. Most newborns 
breathe at an average rate of 40 times/min, but the pattern may not be regular. Breathing should appear eff ortless, 
without evidence of nasal fl aring; without intercostal, subcostal, or supracostal retractions; and without grunting.

Breath sounds should be equal and present on both sides of the chest, although in newborns one can easily 
be fooled because sounds are transmitted very well from one area of the chest to the other. Th erefore, if an ab-
normality in the pattern of breathing is found, a chest radiograph should be obtained, even in the face of normal 
breath sounds. It is unusual to hear rales, rhonchi, and wheezes, even in the face of severe respiratory distress.

Th e average heart rate in newborns is 140 beats/min. At this rate, it is diffi  cult to appreciate the presence of 
a murmur unless one listens closely and for a period. Newborns with cardiac abnormalities, even the most severe 
such as a hypoplastic left heart, may not present with murmurs, or the murmur may be only of a grade 1 to 2/6 
quality. In addition, a murmur audible in a newborn may not be of any clinical signifi cance. Whatever is heard 
should be described carefully and correlated with other physical and historical fi ndings such as the heart rate, 
quality of the heart sounds, and quality of pulses in the extremities, especially the femoral pulses.

Coarctation of the aorta or, more broadly, aortic hypoplasia is associated with diminished or absent femo-
ral pulses. However, palpation of femoral pulses in the newborn is not easy. It takes practice before one can be 
confi dent that the failure to feel the femoral pulse is because it really is not there. If there is any question of the 
possibility of coarctation of the aorta, measurement of upper- and lower-extremity blood pressures is warranted. 
Th e blood pressure in the legs is lower than that in the arms in most patients with coarctation of the aorta.

A persistent fi nding of tachycardia or bradycardia should be brought into the attention of a pediatric car-
diologist. Loud murmurs, evidence of central cyanosis, heart sounds more easily heard on the right side than on 
the left side, and diffi  cult-to-hear heart sounds are all reasons to ask for a cardiac consultation, especially if these 
fi ndings are appreciated in an infant who is less vigorous than expected.

Examination of the Abdomen
Th e normal appearance of the abdomen in newborns is full, protruding, and round. It should not be fl at or 
sunken (scaphoid), nor should it appear tense.

770309_Ch_01.indd   10770309_Ch_01.indd   10 5/6/11   2:26:35 PM5/6/11   2:26:35 PM



CHAPTER 1 ■ APPROACH TO THE NORMAL NEWBORN    11

Pediatric Pearl: A sunken or scaphoid abdomen is always a cause for concern. Where are 
the intestines? Is the fl at abdomen due to a diaphragmatic hernia? Is it due to poor muscle 
tone from a neurologic insult or fl accid musculature? In any case, it is a cause for alarm.

Pe
th
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A tense abdomen may signify an obstruction in the gastrointestinal tract or a perforation of a viscus, with 
resultant leakage of gas and the development of peritonitis and ileus. Intestinal malrotation resulting from a 
defect in development can predispose to volvulus. Intestinal atresias occur with greater frequency in infants with 
chromosomal abnormalities; these should be suspected in infants with abdomen-related problems who appear 
to have Down syndrome. Th e anus may be imperforate, or there may be a defect in intestinal innervation, as 
seen in Hirschsprung disease. Th ick meconium may cause a special type of intestinal obstruction, meconium 
ileus, which has a strong association with cystic fi brosis. It is unusual to see a tense abdomen immediately after 
birth, for it takes some time for these conditions either to develop or to become manifest.

In addition, a newborn’s abdomen has something not found in older individuals—an attached, although 
cut, clamped, or tied umbilical cord. Th e cut surface of the umbilical cord should be inspected; two umbilical 
arteries and one umbilical vein should be present. Th e presence of only one umbilical artery is sometimes as-
sociated with other anomalies such as renal malformations.

Th e abdomen should be palpated for the presence of masses. It is best to begin palpating in the right upper 
quadrant, feeling for the liver. Th e liver is often palpable up to several centimeters below the right costal margin. 
Th is is most often normal and related to the mobility of the liver rather than to an increase in size. Enlarged 
livers have a diff erent feel to them, appearing closer to the surface and “fuller” on palpation. Congenital infec-
tion resulting from toxoplasmosis, rubella, cytomegalovirus, herpes simplex, or syphilis (the so-called TORCHS 
group of diseases) may cause hypertrophy of the liver. Other causes may involve masses within the liver such as 
cysts, vascular malformations, or tumors.

In the left upper quadrant and laterally, the spleen may also be palpable in newborns for the same reasons 
as the liver; it may be normal or enlarged as a result of the presence of a congenital infection. By moving deeper 
and more distal, it may be possible to feel the kidneys. Although kidneys of normal size may be palpable in 
some infants, it is diffi  cult for the beginning examiner to appreciate this. However, enlarged kidneys are the 
most common cause of palpable abdominal masses in the newborn, most often as a result of obstructive lesions 
of the urinary tract. Th e presence of an enlarged abdominal mass requires further investigation, which is best 
accomplished in consultation with a pediatric radiologist and a pediatric surgeon or urologist.

Examination of the Genitalia
Th e genitalia of female newborns look a bit diff erent from the genitalia of older sexually immature females 
because of the infl uence of maternal hormones. At times, there may even be a bloody vaginal discharge within 
a few days after birth, resulting from withdrawal bleeding. Th e labia majora and labia minora appear full and 
puff y. Th e vaginal opening can be seen, as can the hymen, which partially obscures the orifi ce. Th e clitoris should 
be contained within the preputial covering; if it is not, clitoral enlargement should be suspected. Th is may occur 
in congenital adrenal hyperplasia or, less commonly, in disorders of sexual diff erentiation. If abnormalities are 
encountered, consultation with a pediatric endocrinologist is warranted.

Examination of the male genitalia involves checking for the presence of both testes in the scrotum, the 
shape and size of the penis, the presence of a normal-appearing foreskin, and the position of the urethral meatal 
opening. Th e testes may feel enlarged in newborns; this is due to the frequent presence of small hydroceles in 
newborn males. When an enlarged, hard testis is felt, congenital torsion or tumor may be the cause. Consulta-
tion with a pediatric urologist is necessary.

Th e penis should be straight. If it appears to be bent downward (ventrally), chordee of the penis may be 
present. Chordee of the penis is associated with hypospadias, a condition in which the urethral meatal opening 
is displaced proximally on the ventral aspect of the penis. When a hypospadias is present, the foreskin is incom-
pletely formed, appearing as a “hood” around the glans of the penis. Epispadias, a condition much less common 
than hypospadias, is diagnosed when the urethral opening is displaced to the dorsal aspect of the penis. Rarely, the 
penis may be very thin and small, a condition known as micropenis. Micropenis can be associated with either a 
local or a general (e.g., pituitary insuffi  ciency) endocrine disorder. With chordee of the penis, hypospadias, epispa-
dias, and micropenis, consultation with both a pediatric endocrinologist and a pediatric urologist is warranted.
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Examination of the Extremities
Careful inspection of the fi ngers and toes with regard to number, size, and shape is necessary. Parents focus on 
these areas, and if the examiner fails to fi nd an abnormality that is present, no matter how minor, credibility 
with the parents is lost. Extra partial digits, connected to a fi nger, usually the fi fth by a pedicle of skin, are not 
uncommon. Webbing of the toes is often seen and may be familial. Webbing of the fi ngers is much less com-
mon. Clinodactyly is an inturning of a fi nger, usually the fi fth, and may be unassociated with anything else, but 
can be seen in Down syndrome. It is usually due to hypoplasia of the middle phalanx of the fi fth fi nger. Th umb 
abnormalities are seen in a number of dysmorphic syndromes.

Abnormalities of the hands are not common, and minor abnormalities of the feet are frequently seen. Th e 
most common of these is forefoot adduction (metatarsus adductus), most likely secondary to intrauterine posi-
tioning during fetal life. If the forefoot adduction is supple, meaning that the foot can be straightened easily, no 
treatment or consultation is necessary, and the foot will straighten over the succeeding months. If the forefoot 
adduction is rigid on physical examination, referral to an orthopedist is necessary. Clubfoot is a combination of 
forefoot adduction, varus deformity, and shortening of the Achilles tendon. Treatment of this condition should 
begin in the newborn nursery. Th e feet may appear to be convex at the sole, a condition known as rocker-bottom 
feet; this is usually associated with serious dysmorphic syndromes such as trisomy 18.

Congenital abnormalities of the arms are uncommon, whereas congenital abnormalities of the legs, al-
though usually minor, occur more often. Th e most common abnormality is internal tibial torsion, often seen in 
conjunction with forefoot adduction. Th is condition most likely occurs secondary to intrauterine positioning 
and is likely to improve without treatment over a period of months, but can take up to 2 years to disappear. 
External or internal versions of the hips also occur but are unlikely to be diagnosed in the newborn period. 
Developmental dysplasia of the hips (formerly known as congenital dislocation or dysplasia) occurs more com-
monly in female infants, particularly in those who have been in a frank breech position during pregnancy. Th e 
condition has a 9:1 female-to-male predominance and a 20% positive family history, with around 60% occurring 
in fi rstborn children and 30% to 50% occurring in breech deliveries. Most often the hip is not actually dislocated 
but dislocatable. Initial imaging assessment is an ultrasound of the hips.

Pediatric Pearl: Developmental dysplasia of the hips is important to diagnose as early 
as possible because early treatment improves the prognosis.
Pe
as

To examine for this condition, the infant is placed in a supine position with the hips and knees fl exed, and 
the middle fi nger of each hand is placed over the greater trochanter. Th e thumbs are placed on the inner aspect of 
the thighs, opposite the lesser trochanter. Th e hips are fl exed and adducted, and a posterior force is applied. If the 
hip is unstable, it will dislocate; a clunk or a click may be felt or heard. In case of doubt, the maneuver can be done 
one side at a time by stabilizing one side of the pelvis and attempting the maneuver on the other side (Barlow 
sign). One should also test the range of motion of the hips; 180-degree rotation should be possible. Th e infant 
should also be placed in the prone position, and the buttocks should be examined for symmetry. Asymmetry of 
the buttocks may be due to a dislocated hip. If there is any possibility of the presence of hip dislocation, an im-
mediate orthopedic consult is necessary. Diagnosis of developmental dysplasia of the hip at birth is not always 
possible; therefore, continued assessment during the fi rst few months of life is mandatory.  Hemihypertrophy or 
hemiatrophy of one or more extremities occasionally occurs. Hemihypertrophy has been associated with Wilms 
tumor of the kidney. Other rare skeletal dysplasias such as phocomelia and osteogenesis imperfecta may occur.

Acquired abnormalities of the arms are more common than congenital ones. Th e most common is a frac-
tured clavicle, a condition that occurs in up to 3% of newborns. Th e diagnosis can be made by feeling for crepitus 
over the clavicle or by noting an incomplete Moro refl ex on the side of the fracture. It is a benign condition, 
and even if the diagnosis is missed, the clavicle always heals, although it heals with callous formation. If the 
diagnosis is not made in the newborn nursery, a parent may fi nd the “bump” when the child is several weeks old. 
When the “bump” is shown to the primary care provider, the question of possible child abuse may arise if the 
fracture was not documented in the nursery. Th erefore, both initial and discharge physical examinations should 
involve careful searching for the presence of a fracture of the clavicle. Brachial plexus palsies, also known by the 
eponyms Erb and Klumpke palsies, are acquired abnormalities secondary to diffi  cult deliveries. Th e diagnosis 
is not diffi  cult to make because the aff ected arm is usually fl accid and extended and does not move as well as  
the unaff ected arm. Treatment is supportive, with the arm placed in such a position as to prevent further stress 
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on the brachial plexus. Th e prognosis depends on how quickly function begins to return. Infants with a good 
prognosis will regain some muscle tone and begin to move the arm within the fi rst few days after birth. When 
the diagnosis is made, consultation with a pediatric neurologist is necessary. Some pediatric orthopedists or 
neurosurgeons are skilled in making operative repairs of brachial plexus injuries.

Th e rest of the skeletal system, including the spine, is examined at the time the extremities are examined. 
Congenital scoliosis of the spine is rare; when it is seen, it is usually associated with abnormalities of the ver-
tebrae (e.g., hemivertebrae). Neural tube abnormalities such as meningocele or myelomeningocele are now 
often diagnosed prenatally by ultrasound examination or by maternal screening for α-fetoprotein, although 
supplementation of the diet of pregnant women with folic acid seems to have decreased the incidence of neural 
tube defects. When present, consultation with a pediatric neurosurgeon is necessary. Pilonidal sinus, the most 
common abnormality of the spine, is found at the very base of the spine. Th is sinus does not communicate with 
the spinal canal and does not usually become infected before adolescence. Th erefore, although the parents should 
be informed of its presence and apprised of its signifi cance, no treatment is necessary. Other abnormalities of the 
spine such as sinuses, cysts, fatty tumors, or tufts of hair over the thoracic or lumbar areas are rare. When they 
are present, consultation with either a pediatric neurologist or a neurosurgeon is appropriate.

Examination of the Nervous System
When an infant has had a normal birth and when nothing abnormal has been noted in the delivery room, it is 
unlikely that any major abnormality of the central nervous system (CNS) will be found on physical examina-
tion. In fact, most pediatricians and other providers familiar with newborn examinations can tell at a glance the 
neurologic status of the newborn. What allows the experienced observer to do that is just that—observation.

Normal newborns, when supine and at rest, hold both upper and lower extremities fl exed at the elbows, 
hips, and knees because fl exor tone is greater than extensor tone (see General Appearance). If a newborn’s arms 
or legs are in extension when the infant is not being stimulated, either extensor tone is increased or all tone 
is decreased. Infants with decreased tone are “fl oppy.” Investigation of the cause of increased extensor tone or 
decreased generalized tone is essential, and a quick preliminary judgment is necessary. Th e cause may be (1) an 
insult to the CNS such as intracranial bleeding or infection, (2) a congenital disorder of the nervous system or 
muscles, or (3) sepsis.

It is important to make sure that motor responses are symmetrical. One of the easiest ways to do this is to 
elicit a Moro refl ex. Th is can be done in a variety of ways; the most common is to put one hand below a supine 
infant’s head, raising the head and back, and then to allow the head and back to drop while continuing to support 
the head and neck with the hand. Infants do not like this and respond by extending their arms and then bring-
ing them back into fl exion and into the midline. Th e legs generally are also extended and then fl exed. All these 
responses should be symmetrical.

Th e hands of the newborn are kept fi sted. Th e placement of two index fi ngers in the palms of the hands 
elicits a grasp refl ex. Th e grasp refl ex is so strong and the fl exor tone so great that an infant can be lifted off  the 
ground in this manner. When infants are grasped underneath both axillae and lifted up, the shoulder tone is 
strong enough to support their weight. If the shoulders and arms rise up with this maneuver, decreased muscle 
tone is present. When placed in a standing position, infants can be induced to “walk” or climb steps, the so-called 
stepping refl ex. When the cheeks are stroked on the side of the mouth, the infant will “root” (i.e., demonstrate 
the rooting refl ex), a major asset to the infant when placed on the breast of the mother.

Th e infant can normally handle its secretions; there should be no drooling when the infant is not taking 
from the breast or bottle. Evidence of an inability to swallow secretions could be due to neurologic problems or 
esophageal atresia.

Testing for pain sensation, sight, or hearing is not generally part of the newborn neurologic examination. 
However, fairly sensitive methods for screening for hearing in the newborn are now available, and this has be-
come part of the routine in most nurseries because of state mandates for universal hearing testing at birth. Th e 
eyes may be open or closed, and it is important to check for the red refl ex (see Examination of the Eyes, Ears, 
Nose, Mouth, and Th roat). If infants are willing to keep their eyes open, they may be able to fi x on an object or 
a light by the time of discharge.

MANAGEMENT IN THE HOSPITAL
In most cases, infants now spend no more than 24 to 48 hours in the hospital when born by vaginal delivery and 
no more than 72 to 96 hours in the hospital when born by cesarean section. As recently as 20 to 25 years ago, a 
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4-day hospital stay after vaginal delivery and a week-long hospital stay after cesarean section were routine. As 
a result, the management of issues after the birth of a child has become compressed. It is essential that several 
issues are discussed with the parents before the mother and infant leave the hospital. Th e short stay does not 
allow much time; therefore, organization is important.

Review of the Birth History and the Initial Physical Examination
After fi nishing the review of the birth record and performing the initial physical examination, discuss the results 
with the parents. Th ese days, fathers are often present for most of the mother’s stay in the hospital, especially if 
this is the fi rstborn child. If this is the pediatrician’s fi rst encounter with the parents, introductions are necessary. 
Th e pediatrician should be careful not to appear rushed—this is an important interview, and the parents will 
“hang on every word” that the physician says. An example of what the pediatrician should say follows:

Th e baby is well formed and beautiful (or handsome). All the fi ngers and toes are present. Th e arms and legs are 

normal. Th e heartbeat is strong and regular. I did not see the color of the baby’s eyes. (Or, the baby’s eyes are blue, but 

they may not remain that color.) His hair is black. (If you know the baby’s fi rst name refer to the baby by name.) Th e 

bruises on the face will disappear within the next few days. Th e head will become rounder in the next few days. Th e 

marks you see above the eyes and on the back of the neck are very common and will disappear slowly in the course of 

the next year. Th e Apgar scores were good. (If necessary, explain what is meant by the Apgar score.) Th e examination 

of the refl exes and nervous system is normal. 

Ask whether the parents have any questions about what they have noticed about their infant or about what 
transpired during delivery or in the labor room. Ask how they plan to feed the baby (see Chapter 4). Many, 
if not most, women breast-feed their infants in the hospital, often beginning immediately after delivery. Th e 
pediatrician must encourage and be supportive of the mother’s decision to breast-feed, must be able to supply 
information about techniques of nursing, and must make sure that the mother is provided with assistance if 
necessary. Support by the nursing staff  or the hospital’s lactation consultant is essential if the mother is breast-
feeding for the fi rst time.

Inform the parents about what they can expect to happen in the hospital. Explain that you will make sure 
to fi nd out the infant’s Rh factor if the mother is Rh-negative. Tell when and where their infant will receive 
hepatitis B immunization and explain why. In current practice, the fi rst dose is given in the newborn nursery. Th e 
next two doses are given at the 2- and 6-month visits. In addition, a state-mandated blood test will be drawn for 
neonatal screening for a large number of genetic disorders, including phenylketonuria, hypothyroidism, sickle 
cell disease, and numerous others. Th e test is usually done at 48 hours after birth to allow for any abnormal 
metabolites to build up. If the baby is discharged prior to 48 hours, the tests may not be accurate. A listing by 
state can be found at the Web site for the National Newborn Screening and Genetics Resource Center (http://
genes-r-us.uthsca.edu). If the blood is not sent from the nursery, arrange for the parents to come to your offi  ce 
for this procedure. If any problems have come to light, explain how they will be handled.

Make sure to tell the parents how you can be reached if they need to ask you any questions, and tell when 
you will return to see them. If you use e-mail or if your offi  ce has a Web site, inform the parents of this. Some-
times the initial hospital visit is the only visit. Arrangements should be made for them to call you the next day to 
discuss any problems—there are always problems—and to make arrangements to bring the child in for an offi  ce 
visit. When the infant is discharged from the hospital after only 24 hours, a visit to your offi  ce in the next 24 to 
48 hours is appropriate, if only to examine the infant for the presence of jaundice. If the infant stays 48 hours or 
more and there is no evidence of jaundice, the offi  ce visit can be scheduled when the infant is 1 to 2 weeks old.

Review of the Hospital Stay and the Discharge Examination
Before the mother and infant are discharged from the hospital, it is necessary to review the hospital stay, discuss 
the discharge physical examination, and make plans for seeing the family afterward. Th e review of the hospital 
stay and the discharge physical examination focus on diff erent aspects of care than the initial assessment did. It 
is a good idea to ask the following questions:

• Is jaundice present?
• How much weight has the baby lost?
• Is the baby taking to the breast or bottle?
• How easy or diffi  cult is the baby to feed?
• Does the baby retain her feeds?
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• Is the infant urinating and moving her bowels?
• What is the baby’s temperament like? For example, does the baby calm easily, seem regular, and like to 

be held?
• Are there any new fi ndings on the physical examination, such as the presence of a cardiac murmur, a rash, 

or a hip click?

Jaundice is common in newborns. Is the jaundice suffi  cient to warrant obtaining a bilirubin determination? 
Any infant with jaundice appearing within the fi rst 24 hours of life requires evaluation. Discharge from the 
hospital should wait until the evaluation is complete and the bilirubin rise has stopped.

Pediatric Pearl: The appearance of jaundice in the fi rst 24 hours of life may never be diag-
nosed initially as being physiologic jaundice of the newborn, a condition in which jaundice 
generally does not appear before the third day of life.

Pe
no
ge

A determination of how far down the body the jaundice extends is an approximate gauge of the level of 
jaundice. If the jaundice appears after 24 hours of age and is mainly on the face and upper chest, the total bili-
rubin is probably below 8 mg/dL. If the jaundice extends to the abdomen and upper thighs, the total bilirubin 
is generally in the range of 12 to 13 mg/dL. If the infant is over 48 hours old and appears to have only minimal 
jaundice, it is not necessary to obtain a serum bilirubin determination. Infants with moderate jaundice, corre-
sponding to bilirubin levels in the range of 12 to 13 mg/dL, require observation to make sure the level stabilizes. 
In most cases, infants with bilirubin levels at or above 15 mg/dL receive phototherapy. Most nurseries now use 
transcutaneous bilirubin measurement as an initial assessment of bilirubin level. 

If the jaundice appears within the fi rst 48 hours of life and if the infant is going home, arrangements for 
next-day follow-up must be made. Some full-term infants develop jaundice suffi  cient to require a therapeutic 
intervention, most commonly phototherapy. Th e complete diff erential diagnosis of jaundice and the indica-
tions for this treatment are discussed elsewhere in this book (see Chapter 10). Th e usual causes are jaundice 
related to excessive hemolysis, most often resulting from an ABO incompatibility, exaggerated physiologic 
jaundice, or breast milk jaundice. Whatever the cause, the presence of jaundice produces great apprehension 
in the parents. Even if they do not know from previous experience why jaundice is a concern, the fact that tests 
to discover its etiology and severity are being performed engender great anxiety, much advice from concerned 
relatives and friends, and many questions as to what harm the jaundice can cause the infant. Th e clinician 
should address all of these concerns with a great deal of patience and concern, although the jaundice may be 
of little actual signifi cance.

It is necessary to ask the mother whether she has any issues concerning breast-feeding; if there are, ar-
rangements must be made to assist her with these concerns after the hospital stay. In many hospitals, a member 
of the staff  is assigned as a breast-feeding coordinator. Th at individual is responsible for holding breast-feeding 
classes and for making sure that educational literature about breast-feeding is available and that a member of the 
nursing staff  is available to help the mother in the techniques of breast-feeding her baby.

• How comfortable is the mother with the process?
• Does the baby get on the breast easily?
• Does the baby suck well?
• Has the mother’s milk “come in” yet?

In many parts of the United States, “lactation consultants” are available for this purpose, especially for mothers 
who are breast-feeding for the fi rst time. Some women have signifi cant quantities of milk by the end of the sec-
ond day, but it often takes about 3 to 4 days before milk fl ow becomes established. In older mothers it may take 
longer. Prior to that time the mother has a supply of colostrum. Th e mother should be aware of this.

Regardless of the method of feeding, either breast or bottle, parents want to know how much the baby 
weighs. Th ere is an obligatory weight loss in almost all infants because total body water at birth approaches 80% 
of body weight, dropping to 65% to 70% of body weight in the fi rst few days of life. On average, for full-term 
newborns, this means that weight loss is about 3 to 5 oz the fi rst day and another 3 to 5 oz the second day. Th e 
weight then levels off  for a few days, after which the baby starts to gain about an ounce per day. It takes about 7 
to 10 days for bottle-fed infants and about 10 to 14 days for breastfed infants to regain their birth weight. It is 
necessary to explain all this to the parents.
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Introducing the concept of infant temperament to the parents is worthwhile. Th ey grasp this idea easily, 
for they “see” that their own infant does seem to have his own personality. Some babies appear very calm. When 
hungry, they cry but not with great intensity. When comforted, they are easy to console. After feeding, they fall 
asleep quickly, awakening only for their next feeding. Other babies cry with a great deal of intensity, not just 
when hungry but also with minor disturbances. Th ey are diffi  cult to console and, after feeding, these “diffi  cult” 
babies may fuss for a while before going to sleep, then awakening after a short period and crying once again.

Most infants fall in between these two extremes. Recommend to the parents that they purchase a “baby 
book” that discusses this and other aspects of their child’s care. Th e author recommends Caring for Your Baby and 

Young Child: Birth to Age 5 (edited by Steven P. Shelov and published by the AAP). It is important for parents to 
recognize the aspects of their child’s temperament as being innate characteristics. An appreciation of this allows 
them to respond appropriately to the infant.

Any new fi ndings on physical examination must be discussed with the parents. Th e examination should 
include remeasuring the head circumference and comparing it with the original measurement, repeating the 
entire physical examination, and noting any changes from the initial examination.

In addition, ask the parents to tell you of any new concerns they may have or old ones they feel have not 
been adequately addressed. If the mother is breast-feeding and requires pain medications or, for that matter, al-
most any medication other than antimetabolites or radioactive materials, she should be told that the usual doses 
will not aff ect her infant. Mention of any tests or procedures that have been performed during the hospital stay 
is appropriate, including the infant’s blood type, the administration of hepatitis B vaccine, and the obtaining of 
blood by heel stick to screen for a variety of genetic disorders. In addition, most states require a hearing screen 
to be done in the newborn nursery prior to discharge. Th e results of this screening examination should be told to 
the parents. If the infant has failed the screening, arrangements must be made for follow-up testing. Most often 
the second test will be normal. If it is not, referral for specialized audiological evaluation is mandatory. 

Finally, a discussion needs to take place about safety issues. Th ese include “back to sleep,” meaning that 
the infant should be placed on its back when sleeping for at least the fi rst 6 months of life. Th is technique has 
been shown to reduce the incidence of sudden infant death syndrome by approximately two-thirds. Th e parents 
should be asked about car seat availability when leaving the hospital, exposure of the infant to second-hand 
smoke, avoidance hot liquids when holding the baby, enforcing hand washing before handling the infant, and 
avoidance of visitors with obvious infectious conditions. 

SUMMARY
In summary, the evaluation of newborn infants at birth requires knowledge of not only many fi elds, but also, 
and perhaps most importantly, a sensitivity for and an understanding of the concerns parents have about the 
well-being of their own newborn. It is a new start in life, and the parents want it to be a good one for the infant 
and for themselves. Unlike other situations, in which minor events carry little weight, anything that happens 
to a newborn infant has great signifi cance. Th e skillful practitioner recognizes this and incorporates it into all 
encounters. When this happens, even if diffi  cult situations are encountered, parents will be forever grateful. It is 
likely that the trust formed between the parents and the pediatrician during this period will make dealing with 
issues that arise later in childhood easier.

Brazelton TB: Working with families: Opportunities for early inter-

vention. Pediatr Clin North Am 42(l):1–10, 1995.

Coleman WL: Th e fi rst interview with a family. Pediatr Clin North 

Am 42(1):19–30, 1995.

Dave VA, Campbell DE: Care of the late preterm infant. In AAP 

Textbook of Pediatric Care, 2008. Chapter 92, Care of the Late Pre-

term Infant. http://www.PediatricCareOnLine.org

Shelov SP, Altmann TR (eds): Caring for Your Baby and Young 

Child: Birth to Age 5, 5th ed. New York: Bantam Books, 2009, 

pp 3–147.

Th ompson GH: Developmental (congenital) dysplasia of the hip. 

In Nelson’s Textbook of Pediatrics, 17th ed. Edited by Behrman 

RE, Kliegman RM, Jensen HB. Philadelphia: Saunders, 2004, 

pp 2273–2275.

Wilkinson AR, Charlton VE, Phibbs RH, et al: Examination of the 

newborn. In Rudolph’s Pediatrics, 21st ed. Edited by Rudolph CO, 

Rudolph AM, Hostetter MK, et al. New York: McGraw-Hill, 

2002, pp 83–97.

SUGGESTED READINGS

770309_Ch_01.indd   16770309_Ch_01.indd   16 5/6/11   2:26:36 PM5/6/11   2:26:36 PM

http://www.PediatricCareOnLine.org


2

17

Health Supervision Visit
Steven P. Shelov

INTRODUCTION
For the pediatrician, the skills, attitudes, and energy necessary for preventing disease and maintaining health 
come fi rst. Th is focus on health supervision (formerly called health maintenance visit) is the centerpiece of a 
practice unique to the pediatrician, who has strong feelings about this approach, similar to a surgeon’s belief in 
the ability to heal through procedural intervention. For the pediatrician, both physical and emotional factors 
play roles in preserving health. Recommendations about immunizations, nutrition, and developmental growth 
help the family cope with psychological setbacks; dysfunction; and problematic emotional periods, in which 
children make demands on parents. Th e completeness of the pediatrician’s practice is testimony to the deeply 
held belief that the central, organizing infl uence for the child is the family; that is, a family that is healthy in all 
aspects helps ensure a healthy present and future for the child.

Th is chapter describes the pediatrician’s approach to health supervision so that the reader can under-
stand the importance of monitoring the growth of the child. Th e initial regular health supervision visit in 
the offi  ce or other ambulatory setting, which usually occurs at 2 to 4 weeks of life, focuses on aspects of 
physical and behavioral development. It is impossible to summarize all of well-child care in one chapter. 
Rather, it is intended that the reader apply the principles and outlined guidelines to all subsequent visits, 
using developmentally appropriate material from the fi gures, tables, appendix, and the available references 
identifi ed in the text. Th e fi rst visit at 2 to 4 weeks of age sets the stage for the elements for each subsequent 
visit. Th roughout this fi rst, detailed illustrative example of such a visit, summarized questions, topics of 
potential concern, developmental milestones and physical examination at subsequent ages through age 12, 
immunizations at diff erent ages, tests and procedures for diff erent ages, and topics in anticipatory guidance 
are presented.

Th e American Academy of Pediatrics (AAP) has recently developed extensive revisions of its approach 
to the health supervision visit for children. Th ese core guidelines are contained in a thorough and extensive 
document titled Bright Futures—Guidelines for Health Supervision of Infants, Children, and Adolescents. Infor-
mation on how to access the online material, including chapter questions, is available on the inside front cover 
of the book. 

GENERAL ASPECTS OF A HEALTH SUPERVISION VISIT
Health supervision visits are essential anchors for parents to learn about their infant or child and to achieve an 
increasingly more satisfi ed level of competence as parents with each contact with the pediatrician. Th e overall 
purpose of these visits is for the pediatrician, through education and response to questions, to further empower 
each and every parent to be as knowledgeable, observant, nurturing, loving, and to feel as rewarded as possible. 
Although this goal may not be attainable at every visit, it should be the object of every encounter. Th e Bright 
Futures visit guidelines further enhance this desired outcome.
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18   SECTION I ■ GENERAL PEDIATRIC PRACTICE

HEALTH SUPERVISION 2- TO 4-WEEK VISIT
–  Items indicated, by age and development, to invite discussion, gather information, address the needs and 

concerns of the family, always geared to that particular family and modifi ed by the communication style of 

the provider

What better place to begin a discussion of the health supervision visit than with the 2- to 4-week-old infant! 
Chapter 1 reviewed the elements of the newborn visit. Th e focus of the health supervision visit for the 1-month-
old follows the important period of the fi rst month of life and serves as the model for health maintenance visits 
to follow.

In the early days of parenting, health supervision visits and frequent telephone contacts in between offi  ce 
visits provide support and confi dence-building interactions for new parents. Th e actual process of these impor-
tant visits is one that the experienced pediatrician repeats so many times that they become second nature to 
every encounter with children and their families. Th e fi rst health maintenance visit often serves as the paradigm 
for teaching in similar visits. Although the details of each visit, specifi cally the content of information sought 
and shared with the parents, is targeted to the developmental age and stage of the child, the process remains the 
same. Each of the health maintenance visits at each age has the following headings, the specifi cs of which are 
fi lled in month by month, year by year.

Context
Priorities for the Visit
 History/Interview
 Observation of Parent–Child Interaction
 Surveillance of Development
Physical Examination
Screening—Universal; Selective (Considering Risk Assessment); Developmental
Immunizations
Other Practice-Based Interventions
Anticipatory Guidance

Context
Th e new baby has just returned home 2 to 4 weeks ago. In addition to a number of diff erent emotions and anxi-
eties, family members have questions, which may include the following:

• Do I know enough to care for this new baby?
• Do I have enough love to go around between my other children and my new baby?
• How will I know if there is something wrong?
• Will I know when I need to call someone for help, and who should I call if I have any questions? It is 

important to make sure that parents have emergency numbers, especially those of the pediatrician for 
evenings and weekends.

• How do I know what my baby wants when he cries?

Th e anxieties of new parents, especially parents of fi rst children, often obscure the intrinsic sense of their 
own competence and innate abilities. Anxiety often leads to uncertainty and, with that uncertainty, often a sense 
of being overwhelmed. One of the most important roles of the pediatrician, especially in the fi rst few months 
of life of the new infant, is to relieve parents’ anxiety, reassure and teach by being available and responsive to 
parents’ needs and questions, and repeatedly support their own parental capabilities and instincts. Th e more the 
pediatrician can strengthen parents’ sense of competence, the more happy and secure parents will be with their 
parenting role and the more confi dent they will be with their new baby.

As with any person-to-person encounter, making sure the mother and father feel comfortable in their ini-
tial visit is essential. Th is may mean ensuring that there is enough room for everyone, including anticipated baby 
paraphernalia (e.g., diapers, wipes, water, changing needs), and that there are a minimum number of interrup-
tions. Th ere is nothing worse than for a fi rst conversation about a newborn infant to be repeatedly interrupted 
by a number of telephone calls or door-knocking intrusions. It is essential to ask nursing and clerical staff  to 
hold all but necessary calls.
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Diff erent practitioners have diff erent styles, but note taking during the interview is often the expected 
norm. It indicates to parents the importance of what they are saying and that the pediatrician is really listening 
to their issues and including them as part of their child’s record. Th e physician should also make clear to parents 
that if they have a list of prepared questions, they should feel free to consult them at any time during this visit. 
It is important to reassure the parents that no questions are silly or unnecessary.

Within the fi rst month, parents have spent increasing time learning to interpret the cues and signals of 
their new baby. Th e primary focus for the parents revolves around daily routine (or lack thereof ), feedings, sleep 
and wake patterns, elimination, and gradual assimilation into the patterns of the family. As the pediatrician is the 
coordinator of “the medical home” for the family, if the baby has had a premature delivery or identifi ed disabilities, 
then discussion of additional consultation or visits to other subspecialty providers will be part of this context.

Th e 1-month visit will encompass all aspects of health supervision, response to parental concerns, and, 
most importantly, encouragement and guidance regarding growth and nutrition, development, and transition 
to a more predictable sleep/wake pattern. Families experiencing diffi  culties related to postpartum adjustment 
will be identifi ed and proper referral, if needed, will be discussed.

Priorities for the Visit
Th e fi rst priority is to attend to the concerns of the parents and other child care providers. Th e priorities, in ad-
dition, as developed by the Bright Futures Infancy Expert Panel are the following:

• Parental (maternal) well-being, including health, emotional, and physical; return to work/school issues 
and plans for integrating care for the newborn into those plans

• Family adjustment (family resources, family support, parental roles, domestic violence, community 
resources)

• Infant adjustment such as sleep/wake schedule, sleep position (sleeping on back is strongly recommended), 
location of crib/bassinet, safety state modulation (crying, consoling, shaken baby), developmental changes 
(temperament discussion), tummy time

• Feeding routines, frequency, growth spurts, breast-feeding comfort issues, bottle-feeding queries, hold-
ing, burping, pacifi ers

• Safety, infant car safety seat installation, crib type, toys with loops, mobiles

History
Interview

Patience is crucial at the very beginning. Getting adjusted, comfortable, and ready to listen while carrying a 
small, often 1-month-old, squirmy bundle usually takes time. At every visit during the fi rst 6 months of life, it 
is necessary to ask some important questions at the beginning of the interview, such as:

• How are you doing with the baby? Are there any things at home that I should know about?
• What are your baby’s routine and schedule like now?
• What are some of your best and most diffi  cult times of day with the baby?
• Do you have any questions or concerns about the past several weeks?
• Are you enjoying your baby at least some of the time?
• Do you feel like you have settled into a routine, and if so, are you comfortable with it? Are you getting 

some rest at least part of every day?
• Have you been feeling tired or blue?
• Have any things changed since we last saw each other, either with the baby or in your home setting?
• How have you been handling the crying episodes? Is there a pattern to the crying, and what kinds of 

things seem to make your baby stop crying?
• What is the baby’s sleeping pattern like? Does the sleep/wake cycle seem to be reversed?
• (For breast-feeding mothers): Has your milk come in, are you comfortable with breast-feeding, and do 

you have any excessive soreness, cracking, or discharge at the nipple?
• (For all mothers): Do you think your baby is satisfi ed after feeding? How often does she feed?
• Do you have any specifi c questions about the baby’s condition (e.g., bowel movements, skin color [jaun-

dice], eye discharge, umbilical stump oozing, excessive amounts of crying or fussiness, change in appear-
ance or behavior)?
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It is also important to learn about how life at home is proceeding in general. Th e pediatrician may ask:

• How are things going with the father of the baby? Are other people helping you with some of the house 
chores? Numerous studies now reinforce the importance of paternal involvement in all aspects of infant and 
child care. Th e earlier the involvement, the greater the child’s and parents’ satisfaction and the greater the 
positive infl uence on the child’s development. Th e father’s participation in care also allows for some rest time 
for the mother, which is much needed in the fi rst several months of life, especially if she is breast-feeding.

• How are siblings (if there are siblings at home) handling the presence of the new baby? Are you spending 
time with your other children, who are probably feeling a little deprived of time with you? Classically, 
older siblings, especially those who are 2 to 4 years older than the new infant, regress somewhat when the 
new baby comes home. It is important for parents to take some separate time with older siblings to show 
that they have not forgotten their other children and that they are still as important as ever. (It should be 
noted that some breakdown in toilet training may even occur for a short period.)

• Are routine tasks around the house generally being taken care of (e.g., shopping, bill paying, odds and 
ends)?

• Are the grandparents, if present, too involved and intrusive, or are they helping just to the proper 
degree?

Pediatric Pearl: The questions about the fi rst month are primarily focused on family 
adjustment to the new baby at all levels. The pediatrician will serve as the best monitor 
for any early warning signs that things are not going well.

Pe
ad
fo

Th e overall purpose of these initial questions is to establish a broad foundation for open and honest com-
munication. Th ere are no “unimportant questions.” Initial questions are explorative, looking for any sources 
of additional stress that might be interfering with the initial, important bonding period with the new baby. 
In the fi rst month, infants are not as easy to relate to as they are later. Th eir ability to make eye contact, be 
consoled, and relate to other individuals is usually quite variable, even from day to day. Infants usually do not 
have a responsive smile at this time (if it were there, it would help), so parents need even the smallest of signs 
of reassurance that they are doing a good job. Positive comments about how well the infant looks and how 
well the parents are doing are reassuring statements that pediatricians should repeat to parents during their 
fi rst visit to the offi  ce.

Interview Questions at Subsequent Visits
It should be noted that the questions listed in this section are only a sample of those that may be appropriate. 
Th ey relate to developmental milestones of which the parents should be aware. A more complete discussion 
of age-appropriate developmental milestones appears in Bright Futures—Guidelines for Health Supervision (see 
 Suggested Readings).

Infancy: 1 to 6 Months

Th e clinician should ask the usual questions regarding home life with the infant since the last visit and 
whether there have been any changes that need to be discussed. In addition, some age-specifi c questions are 
appropriate, including:

• Is your baby on a more regular sleeping schedule and sleeping through the night? By age 3 to 4 months, 
most infants sleep through the night, much to everyone’s relief.

• Are you putting your baby to sleep on his back?
• Is the feeding going all right? Have you been able to stop the middle-of-the-night feeding?
• Is your baby more responsive?
• Is your baby smiling?
• Is your baby making a variety of diff erent sounds?
• Is your baby responding to sounds by quieting or looking at you?
• Are you carefully “baby-proofi ng” your home as your baby becomes increasingly active and mobile?
• Are you considering going back to work? If so, what child care arrangements have you worked out?
• Have you noticed your baby has developed more of a personality?
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Infancy: 6 to 12 Months

• How are you handling your baby’s increasing mobility? Have you adequately “baby-proofed” your home?

Pediatric Pearl: “Baby-proofi ng” is mandatory as the infant reaches 6 to 12 months of 
age. The kitchen, bathroom, changing table, and play areas are prime targets. For example, 
it helps to clean under sink cabinets and put the changing table in a corner.

Pe
ag
it

• Is your baby sleeping through the night, or as the baby approaches his fi rst birthday, has he begun to wake 
up? Sleeping through the night usually takes place around 3 months, but often at 9 to 10 months of age, 
infants start to wake up again during the night for a period.

• Are you introducing more variety of strained and then junior foods?
• Are you thinking about weaning your baby from the breast or bottle, and have you at least introduced 

him to the concept of the cup? Weaning usually takes place near the fi rst birthday, although some parents 
like to continue breast-feeding well into the second year of life and occasionally beyond.

• Have you noticed your infant becoming more afraid of strangers and also more reluctant to leave you? 
Stranger anxiety is frequent during the last half of the fi rst year. Th is normal developmental milestone 
refl ects the increasing ability of the infant to distinguish the mother or other primary caregiver from a 
nonprimary caregiver. Th is normal phase may lead to some separation anxiety into the second year as well.

• How are you adjusting to your baby’s increasing independence?

The Toddler Years: 1 to 2 Years

• Have you introduced your child to playmates, and how does she interact with them?
• Has your baby taken her fi rst steps? Have walking and running created problems for you or the rest of 

the family?
• How are things going with the child’s brothers and sisters (if applicable)?
• How are the new child care arrangements going (if the parent has returned to work)?
• What personality diff erences have you noticed?
• How are you handling the “terrible twos,” the normal but diffi  cult stage of development (if the child has 

entered this period)? Parents struggle with the bossiness and increasing independence of these often 
stormy months. Nevertheless, they are important stages of independence that a toddler must experience.

• Has disciplining your active toddler been a problem?
• What kinds of toys and games does your child now enjoy?
• Does your child enjoy books? It is never too early to read to children. Reading reinforces language, assists 

in object identifi cation, and promotes attachment.
• How much television does your child watch, and what kinds of shows do you allow her to see? Th e earlier 

parents begin to limit television viewing to 1 to 2 hours per day at a maximum and indicate preferences 
concerning content, the earlier children start to develop their own appropriate television-watching habits.

• Is your child eating meals with you, and is her diet fairly well-balanced?
• Does your child still take a nap during the day? A morning and afternoon nap during these years is quite 

normal and expected, although not all children take such naps.
• Does your child sleep in her own room, and has your child “graduated” to a “real bed” from a crib? Some-

times, parents use the second birthday as the time to try a true bed. A junior bed may off er a more secure 
sleeping environment for the more fearful toddler.

The Preschool Years: 2 to 3 Years

• How are the discipline issues going? Th ese issues are often the most pressing for parents. Several re-
spected parent manuals or developmental texts contain numerous approaches to limit-setting.

• Have you started toilet training, and how is it going? Th e median age for toilet training is 33 months, 
with bowel control coming before bladder control.

• Does your child still wet the bed at night, although he is dry during the day? Often, nighttime wetting is 
still a normal fi nding until 4 to 5 years of age (see Chapter 5).
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Pediatric Pearl: It is important to advise parents to minimize the fuss over bed-wetting. 
Bed-wetting beyond 6 years of age (primary nocturnal enuresis) often requires a separate 
approach, which is individualized to the family and never involves punishment. A variety of 
conditioning and positive reinforcement techniques are appropriate.

Pe
Be
ap

• Is your child starting to play more nicely with his playmates?
• Is your child starting to show lots of diff erent emotions such as pleasure, anger, joy, protest, warmth, and 

assertiveness? Children begin to show diff erent types of temperament, which are often displayed through 
diff erent emotions. Children who are very quiet or very assertive often have diff erent “personalities,” and 
diff erent ways of dealing with stress, anger, happiness, and sadness. Parents recognize this easily and 
know that they have to respond diff erently to their children, depending on the specifi c temperament.

• Is your child recognizing and naming lots of diff erent objects?
• Does your child recognize letters and numbers?
• Is your child showing all of the developmentally active behaviors seen at this age? Running, going up 

and down stairs, and throwing a ball are three common examples. Th e Denver II is designed to assist the 
clinician in identifying children whose rate of development diff ers signifi cantly from peers of the same 
age (Figure 2-1).

• Is he talking and using sentences of one, two, or three words?
• Is he beginning to learn how to take turns and to share?
• Are you fi nding time to just play and have fun with your active child?

Additional questions for the remainder of the preschool period and the school-age years can be found in 
Bright Futures—Guidelines for Health Supervision of Infants, Children, and Adolescents, 3rd ed., 2008, published by 
the AAP, which contains many of the recommended developmental questions. Finally, the well-respected book 
for parents, Caring for Your Baby and Young Child, Birth to Age 5, 5th ed., 2009, published by the AAP, is another 
good source for up-to-date developmental questions and advice (see Suggested Readings). You can also fi nd 
 development milestones on the Bright Futures website at http://brightfutures.aap.org/.

Observation of Parent–Child Interaction
Th e 2- to 4-week visit provides a unique opportunity for the pediatrician to observe the nature and substance of 
the parent–infant interaction. Some of the keys to guide these observations are as follows:

• Do the parents appear content, happy, distressed, anxious, or excessively fatigued?
• Do they appear to be overwhelmed and at a loss to ask additional questions?
• If they feed the baby during the visit, how comfortable does that appear to be?
• If both parents are there, which is great for the early visits, how do they appear with each other? Do they 

seem engaged and supportive, or are they distanced from each other? Does only one ask questions while 
the other is quiet or withdrawn?

• Do either appear nervous, anxious, and uncertain about interacting with the baby?

All of these observations will be key to advising each parent for the next month of care. If there appears to 
be a signifi cant degree of being overwhelmed, then perhaps an earlier “check-in” visit might be useful during the 
next month rather than waiting until the 2-month visit.

Surveillance of Development
Th e next series of questions concerns the parents’ view of their baby’s development. Using the four categories of 
physical, social–emotional, communicative, and cognitive development, parents’ observations will be explored. 
During the fi rst month, the following might be some of the prompted questions:

• Physical development—While on his tummy, is he starting to lift his head off  the surface? Are all four ex-
tremities moving equally, though randomly? Does the baby seem to startle when surprised (Moro refl ex)?

• Social–emotional development—Is he becoming soothable during times of upset? Is he more responsive 
to calming actions?

• Communicative development—Is he able to follow faces and parents with his eyes across midline. Any 
verbal sounds will be few and very guttural and mostly as part of crying episodes.
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FIGURE 2-1. Denver II developmental screening test. From Frankenburg WK, Dodds J, Archer P, et al: Th e Denver II: 
A major revision and restandardization of the Denver Developmental Screening Test. Pediatrics 89:91–97, 1992.
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• Cognitive development—Th ere may be the fi rst signs of a smile. Th e fi rst smile is often NOT responsive 
but spontaneous. Over the subsequent several weeks, responsive smiles start to be seen.

Th e milestones at this age are obviously very limited, and still largely dictated by the newborn refl exes 
(Table 2-1). Over the course of the next 2 to 3 months, these refl exes will become diminished and some will even 
disappear. With that neurologic maturation, more active and purposeful movements will unfold and the develop-
mental observations will be much more robust.

FIGURE 2-1. (Continued)
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Th e Denver II is a summary of those anticipated milestones until age 5. A more complete presentation of 
developmental milestones through childhood and adolescence can be found in Bright Futures.

Physical Examination
A complete physical examination is part of every health supervision visit. At this age the following elements 
must have particular focus. (Figures 2-2–2-6 are relevant charts.)

• Measurement and plotting (adjustment for gestational age) of height, weight, and head circumference
• Plot—Weight for length
• BMI for older children
• Vital signs including temperature, respiratory rate, and blood pressure should be recorded at every visit.

Specifi c Areas of Examination

HEAD. Careful examination of the head should start with a careful measurement of the occiput-frontal cir-
cumference with a tape measure. It is important to measure the circumference at the same place each time to 
ensure consistency from visit to visit. At birth, the normal occiput-frontal circumference is 35 cm, and increases 
each month, quite rapidly in the fi rst few months, and then more slowly but predictably in the subsequent 
months of the fi rst year of life.

Pediatric Pearl: A handy method to remember the increase in occiput-frontal circumfer-
ence is:

 • Increases 2 cm/month for the fi rst 3 months
 • Increases 1 cm/month for the next 3 months
 • Increases ½ cm/month for the next 6 months

 Therefore, the resulting head circumference at 1 year is about 47 cm, which is approximately 
the 50th percentile for all infants when plotted on the head circumference growth chart.

Pe
en

It is important to feel the anterior and posterior fontanelles carefully; both should still be open at this visit. Th e 
anterior should still be about 1 to 2 cm � 1 to 2 cm, but the posterior should, at best, be only a fi ngertip opening. Th e 
posterior fontanelle closes by 4 months of age, and the anterior fontanelle closes between 12 and 18 months of age.

In addition, it is necessary to examine the scalp for any evidence of cephalohematoma or other abnormal-
ity. Th e suture lines should still be quite open and should not have any evidence of fusion or ridging at this age. 
Th e skull should be symmetrical. Th ere may not be much hair at this age; some of the newborn hair will have 
normally disappeared, and reassurance that new, more permanent hair will soon emerge is necessary.

 TABLE 2-1

Newborn Refl exesa

Refl ex Age When Refl ex Appears Age When Refl ex Disappears

Moro refl ex Birth 2 months

Walking/stepping Birth 2 months

Rooting Birth 4 months

Tonic neck refl ex Birth 4–5 months

Palmar grasp Birth 5–6 months

Plantar grasp Birth 9–12 months

a  Th ese refl exes are some that an infant performs during his fi rst weeks. Not all infants acquire and lose these refl exes at exactly 

the same time, but this table gives a general idea of what to expect.

From Caring for Your Baby and Young Child: Birth to Age 5 by Steven Shelov and Robert E. Hannemann, copyright 1991 by 

American Academy of Pediatrics.
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FIGURE 2-2. Length-for-age and weight-for-age percentiles for girls (birth–24 months).

Birth to 24 months: Girls
Length-for-age and Weight-for-age percentiles

Published by the Centers for Disease Control and Prevention, November 1, 2009
SOURCE:  WHO Child Growth Standards (http://www.who.int/childgrowth/en)
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FIGURE 2-3. Stature-for-age and weight-for-age percentiles for girls (2–20 years), Centers for Disease Control and 
Prevention. Developed by the National Center for Health Statistics in collaboration with the National Center for 
Chronic Disease Prevention and Health Promotion (2000). http://www.cdc.gov/growthcharts.
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FIGURE 2-4. Length-for-age and weight-for-age percentiles for boys (birth–24 months).

Birth to 24 months: Boys
Length-for-age and Weight-for-age percentiles

Published by the Centers for Disease Control and Prevention, November 1, 2009
SOURCE:  WHO Child Growth Standards (http://www.who.int/childgrowth/en)
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FIGURE 2-5. Stature-for-age and weight-for-age percentiles for boys (2–20 years), Centers for Disease Control and 
Prevention. Developed by the National Center for Health Statistics in collaboration with the National Center for 
Chronic Disease Prevention and Health Promotion (2000). http://www.cdc.gov/growthcharts.
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FIGURE 2-6. Head circumference charts for boys and girls (birth–24 months).
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FIGURE 2-6. (Continued) 
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EYES. Examination of the eyes should check for any discharge, suggestive of a conjunctivitis, a neonatally ac-
quired Chlamydia infection, or evidence of a blocked tear duct or dacryostenosis. Th e pediatrician should elicit 
a red refl ex to ensure that there are no cataracts. Th e eyes will normally have a slightly dysconjugate gaze, and 
the physician may need to reassure parents that this is normal in the fi rst month or so.

EARS. Examination should look for any evidence of otitis media (OM). An otoscope with an air-insuffl  ating 
bulb attached should always be used. After careful examination of the normal landmarks of the tympanic mem-
brane, looking at the ear for normal landmarks (Figure 2-7), the examiner should introduce a slight puff  of air 
into the ear canal with the attached bulb, making sure there is a good seal between the speculum and the external 
auditory meatus. Th is procedure should cause the tympanic membrane to move slightly (like a crinkling sail) 
and then snap back, provided there is no fl uid behind the membrane. If no tympanic membrane movement is 
apparent, the possibility of otitis media warrants consideration.

MOUTH. It is necessary to examine the throat to check that there are no palatal abnormalities and that the 
gums are normal. No teeth should be present. Natal teeth should have been removed. Gums should be examined 
for any evidence of eruption cysts or any other abnormality. Th e tongue will frequently have the band of connec-
tive tissue attached toward the end, but rarely impinges on the thrust of the tongue.

HEART AND LUNGS. Th e pediatrician should listen carefully to the heart and lungs, both anteriorly and 
posteriorly. It is important to determine the respiratory rate and heart rate and to listen to the heart carefully for 

FIGURE 2-7. Drawings of normal tympanic membrane and acute purulent otitis media 
(OM). From Fleisher GR, Ludwig S (eds): Textbook of Pediatric Emergency Medicine, 4th ed. 
Philadelphia, Lippincott Williams & Wilkins, 2000, p 740.
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any evidence of murmurs. Th e normal respiratory rate is 36 to 40 breaths/min, and the heart rate is 120 to 140 
beats/min. Th ere should be evenness of breath sounds through the chest, with easily heard “whoosh” on inspira-
tion and exhalation. Th ere should not be any crackles or wheezing heard.

Th e examiner should thoroughly listen to the heart over the anterior chest, listening over aortic, pulmo-
nary, sternal borders, midclavicular line, and at the point of maximum impulse. Occasionally, a murmur that was 
not appreciated in the newborn nursery may be audible. Th is often is a small ventricular septal defect. Careful 
auscultation over the back should also be routine; occasionally, a residual patent ductus arteriosus can be heard 
there. ANY MURMUR HEARD AT THIS AGE IS CONSIDERED SUSPICIOUS AND REFERRAL 
SHOULD BE MADE TO A PEDIATRIC CARDIOLOGIST.

ABDOMEN. A thorough abdominal examination should allow for palpation of any abnormal masses. Th e 
abdomen is usually quite soft when an infant is not crying. Th e pediatrician can therefore easily palpate the 
liver and right upper quadrant, the spleen and left upper quadrant, and both kidneys and, on deeper palpation, 
explore for any masses or other abnormalities. If the infant is crying and uncooperative, try working with the 
parent to calm the baby and examine in the parent ’s arms, allowing the opportunity for a complete and thorough 
examination.

Examination of the umbilicus should show a well-healed stump. If there is discharge and the mother states 
that she often sees blood at the top of the diaper, then this may indicate that an umbilical granuloma has devel-
oped at the site of the umbilical stump. Th is is easily cauterized in the offi  ce.

GENITOURINARY SYSTEM. Th e pediatrician will carefully examine the genitourinary area. In boys who have 
been circumcised, the prepuce should be completely healed with smooth, pink epithelium. Testicles should be both 
palpable and in the scrotum. In girls, it is necessary to spread the labia to ensure that there are no adhesions. Th e pe-
diatrician should encourage parents to be sure to use warm water and cotton balls to carefully clean all of the creases 
and folds in which loose stool can easily become trapped.

MUSCULOSKELETAL. Th e pediatrician will examine 
all extremities, with special note taken of the examination 
of the hips. It is essential to perform Ortolani and Barlow 
maneuvers to be sure there is no developmental dysplasia 
of the hip (formerly known as congenital dislocation of the 
hip) (Figure 2-8). During a careful and complete examina-
tion of the hips, equal abduction and fl exion should be evi-
dent.

SKIN. Th e pediatrician should examine the entire skin of 
the baby to look for any evidence of rash, discolorations, 
or abnormal marks. Special examination should focus on 
looking for hemangiomas. Often, a hemangioma is not 

seen at the newborn examination because it may take a 
month or so for the abnormal vessels to become tortuous 
enough to show through the epidermis. If a hemangioma 
is discovered, it is most important that the parents know 
that this will become larger over time and that the best 
response is to “do nothing,” assuming it is the usual kind 
of capillary hemangioma. After enlarging during the fi rst 
year or two of life, most capillary hemangiomas gradually 
involute and become smaller in the next several years.

Th e diaper area will also be closely examined for any 
evidence of rash, redness, or irritation. Th e pediatrician 
will review with the parent diaper area care and use of 
creams, ointments, and barrier creams to keep the area 
free from eruption.

NEUROLOGIC EXAMINATION. At the fi rst-
month visit, there are relatively few specifi c neurologic 
fi ndings that do not relate to the developmental and 
refl ex examination (see Developmental and  Behavioral 

FIGURE 2-8. (A) Ortolani and (B) Barlow ma-
neuvers. From Algranati PS: Th e Pediatric Patient: 
An Approach to History and Physical Examination. 
Baltimore, Williams & Wilkins, 1992, p 39.
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34   SECTION I ■ GENERAL PEDIATRIC PRACTICE

Assessment, Chapter 5). Over the subsequent months and years, the neurologic and developmental exami-
nations remain intertwined, and certainly abnormalities or deviations from the norm in the developmental 
 assessment would suggest some underlying neurologic concern. However, cranial nerve, motor, sensory, and 
refl ex examinations should be routine at every health maintenance visit.

Th e pediatrician should illustrate and discuss the newborn refl exes with the parents (Table 2-1). Concerns 
expressed should be discussed. Often, parents worry about the startle refl ex (Moro) or even notice the fencer 
posture of the tonic neck refl ex. Th eir normality and age when they disappear can be discussed.

Th e overall tightly fl exed posture of the extremities of babies of this age can also be pointed out. Re-
assure parents that this degree of fl exion gradually will loosen up as the baby achieves more motor control 
over his movements. With more active movement of the baby’s extremities, the refl exes will also become less 
dominant.

Physical Examination in Future Visits

Th e actual physical examination changes little over the course of future health maintenance visits. However, the 
pediatrician should keep some points in mind as the child grows older, such as:

• Over the fi rst 18 months of life, the pediatrician should develop the ability to perform the physical ex-
amination in the mother’s arms as much as possible. Even at later visits, the parent should be nearby to 
lessen any anxiety the child may feel during the examination.

• Never start your physical examination too abruptly.
• Start with the least intrusive part of the examination fi rst. Examine the abdomen fi rst, then listen to the 

chest (use a warm stethoscope), perform the developmental assessment needed, and examine the head, 
eyes, skin, genitalia, and extremities carefully.

• Complete the examination with a careful look at the ears, performing tympanoscopy each time, and 
fi nally look in the mouth as effi  ciently as possible. When examining the ears, try having the mother hold 
the baby on one of her shoulders fi rmly while holding the head still and then looking at the “outside” ear. 
When this is complete, ask her to switch shoulders, and you can examine the other ear.

• While conducting the physical examination, ask the parents whether they have any questions. Certainly, if 
you see any abnormalities, point them out with an explanation immediately.

Pediatric Pearl: At older, appropriate ages from toddler to early childhood, engage chil-
dren with lots of talk, conversation, puppet play, or whatever creative ideas you may have. 
Do not be afraid to “ham it up” a little; children love it, and parents do, too.

Pe
dr
Do

Screening
Th e pediatrician should review the newborn screening results with the parent. It is important for the pedia-
trician to be aware of the requirements for newborn screening as each state has diff erent standards. For the 
most part, each state has a robust screen for potential congenital disorders, which include metabolic disorders, 
hemoglobinopathies, cystic fi brosis, endocrinopathies, neurologic disorders, and other conditions of genetic 
origin.

All infants require a hearing screen in the immediate newborn period. If the baby has failed the newborn 
hearing screen, then a follow-up with a more sophisticated hearing assessment must be scheduled within the 
fi rst 6 weeks of life.

In addition to the universal screen of all newborns, certain babies should have selective screening for at-
risk conditions. If the state does not uniformly screen for sickle cell disease, for example, and the newborn being 
examined appears to be at risk for that genetic defect, then such screening should be scheduled.

Th e use of developmental screening instruments has become increasingly important, especially as the 
young infant becomes a toddler and preschooler. Th e timely use of them serves as learning opportunities for the 
medical student trainee and teaching opportunities for parents by the pediatric provider. Th e screening instru-
ments are completely discussed in Chapter 12. Infant toddler instruments include the ASQ, and school-age 
instruments include the Pediatric Symptom Checklist. Figure 2-10 illustrates the AAP recommendations for 
screening at diff erent ages, including laboratory screening recommendations.
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Immunizations
Immunization against many infectious diseases is routine in the United States, and pediatricians are the safeguard of 
this crucial public health measure. Th eir routes and age of administration vary. Th e newborn infant should have re-
ceived the fi rst immunization in the fi rst days of life while still in the hospital. Th is fi rst vaccine is the fi rst dose of the 
hepatitis B vaccine, which is important to prevent acquisition of the hepatitis virus. Th is extremely safe vaccine, a ge-
netically engineered product, is administered in three doses. Th e immunization for this 1-month of age visit should 
be the second of a three-shot series of hepatitis B vaccine. Th is may be given between 1 and 6 months of age.

Th e other recommended immunizations, which are also presented in Figure 2-9, include vaccines against 
diphtheria (D), pertussis (whooping cough) (now in an acellular version, aP), and tetanus (T), which are 
combined as DTaP; polio (inactivated) (IPV); Haemophilus infl uenzae (Hib or Haemophilus conjugate vac-
cine); measles, mumps, and rubella (usually given as MMR); varicella; Rotavirus; and, for older children, 
the meningococcal vaccine. Optimally, children should receive each immunization at a particular age (see 
Figure 2-9; Table 2-2). Certain reportable side eff ects of standard immunizations may occur (Table 2-3). Th e 
AAP recommends that each practitioner consult the specifi c vaccine insert for specifi c contraindications to 
a particular vaccine. Whenever a vaccine is administered, it is important to carefully explain to the parent the 
full rationale for the vaccine and the potential side eff ects. Th e AAP and the Centers for Disease Control and 
Prevention (CDC) also require that a written consent be obtained for each vaccine administered.

Detailed information about all the childhood vaccines is lengthy and beyond the scope of this overview of the 
health maintenance visit. Th e specifi c immunizations required by a schedule agreed upon by the Infectious Disease 
Committee (Red Book Committee) of the AAP and the Advisory Committee for Immunizations Practices of the 
CDC are summarized in Figure 2-9. Periodically, there are changes in the recommendations. Th ese changes can be 
found at their respective Web sites for the most current recommendations. Th e Web sites are, respectively:

AAP: http://www.aapredbook.org
CDC: http://cdc.gov/vaccines
Th e practicing pediatrician often consults the complete report known as “Th e Red Book,” a resource pub-

lished and available online for members of the AAP. Th e director of student education and program director 
should be members and should be able to access it during your rotation.

Other Practice-Based Interventions
Th ere are two other interventions in older children that may aff ect the pediatrician’s decision regarding what to 
incorporate into his particular practice. Th e fi rst would begin during late infancy and involves promotion of the 
Reach Out and Read (ROR) model, especially for low-income children. Studies have shown a positive eff ect on 
parental reports of behavior, beliefs, and attitudes toward reading as well as improvements in language scores. 
One component of the ROR model includes anticipatory guidance about the importance of reading. Volunteers 
reading in waiting rooms for children age 5 months to 5 years reading culturally and developmentally appropri-
ate books set an example for parents after they leave the offi  ce setting.

An additional program, titled Healthy Steps for Young Children, employs specifi cally trained Healthy 
Steps specialists. Th is program has been shown to result in positive outcomes in parent behavior (less severe 
discipline) and higher quality care. Th e components of such programs can be integrated into the offi  ce health 
supervision visit and at home as well.

Anticipatory Guidance
Th is category of issues is a signifi cant component of every visit. Each set of topics is clearly outlined in the 
full text of the Bright Futures manual for pediatricians. Careful review of these questions is particularly useful 
prior to the beginning of each visit. Th e expert panel that constructed these questions did so with the intention 
of inviting discussion, gathering information, addressing the needs and concerns of the families, and building 
partnerships. Th e questions will vary depending on the particular age of the child at each visit and the commu-
nication style of the practitioner. Additionally, if there are needs or preferences of the culture or background of 
the patient, they must be considered as well.

Th e consistent topics to be covered in this anticipatory guidance section of each visit in anticipation of 
events that might occur prior to the next visit include:

• Parents (maternal) well-being
• Family adjustment

770309_Ch_02.indd   35770309_Ch_02.indd   35 5/6/11   12:34:29 PM5/6/11   12:34:29 PM

http://www.aapredbook.org
http://cdc.gov/vaccines


36   SECTION I ■ GENERAL PEDIATRIC PRACTICE

 TABLE 2-2

Recommended Immunization Schedules for Children Not Immunized 
in the First Year of Lifea

Recommended Time/Age Immunizations Comments

Younger than 7 years

First visit DTaP, Hib,b HBV, 
MMR

If indicated, tuberculin testing may be done at 
same visit.

If child is 5 years of age, Hib is not indicated in 
most circumstances.

Interval after fi rst visit

1 month (4 weeks) DTaP, IPV, HBV, 
Var c

Th e second dose of IPV may be given if accelerated 
poliomyelitis immunization is necessary, such as for 
travelers to areas where polio is endemic.

2 months DTaP, Hib,b IPV Second dose of Hib is indicated only if the fi rst 
dose was received when younger than 15 months.

≥ 8 months DTaP, HBV, IPV IPV and HBV are not given if the third doses were 
given earlier.

Age 4–6 years (at or before 
school entry)

DTaP, IPV, MMRd DtaP is not necessary if the fourth dose was given 
after the fourth birthday; IPV is not necessary if 
the third dose was given after the fourth birthday.

Age 11–12 years See Figure 2-9

7–12 years

First visit HBV, MMR, dT, 
IPV

Interval after fi rst visit

2 months (8 weeks) HBV, MMR,d Var,c 
dT, IPV

IPV may also be given 1 month after the fi rst visit 
if accelerated poliomyelitis immunization is neces-
sary.

8–14 months HBV,e dT, IPV IPV is not given if the third dose was given earlier.

Age 11–12 years See Figure 2-9

a  Table is not completely consistent with package inserts. For products used, also consult the manufacturer’s package insert for 

instructions on storage, handling, dosage, and administration. Biologics prepared by diff erent manufacturers may vary, and 

package inserts of the same manufacturer may change. Th erefore, the physician should be aware of the contents of the package 

insert being used.

b  If all needed vaccines cannot be administered simultaneously, priority should be given to protecting the child against the 

diseases that pose the greatest immediate risk. In the United States, these diseases for children younger than 2 years usually 

are measles and Haemophilus infl uenzae type b infection; for children older than 7 years, they are measles, mumps, and rubella. 

Before 13 years of age, immunity against hepatitis B and varicella should be ensured. DTaP, HBV, Hib, MMR, and Var can be 

given simultaneously at separate sites if failure of the patient to return for future immunizations is a concern.

c  Varicella vaccine may be administered to susceptible children any time after 12 months of age. Unimmunized children who 

lack a reliable history of varicella should be immunized before their 13th birthday.

d Minimal interval between doses of MMR is 1 month (4 weeks).

e  HBV may be given earlier in a 0-, 2-, and 4-month schedule.

HBV, hepatitis B virus; Var, varicella; DTaP, diphtheria and tetanus toxoids and acellular pertussis; Hib, Haemophilus infl uenzae 

type b conjugate; IPV, inactivated poliovirus; MMR, measle-mumps-rubella; dT, adult tetanus toxoid (full dose) and diphtheria 

toxoid (reduced dose), for children 7 years of age or older and adults.

From American Academy of Pediatrics. In Pickering L (ed): 2000 Red Book: Report of the Committee of Infectious Diseases, 

25th ed. Elk Grove Village, IL, American Academy of Pediatrics, 2000.
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This schedule includes recommendations in effect as of December 21, 2010. Any dose not administered at the recommended age should be administered at a subsequent visit, when indicated and 

feasible. The use of a combination vaccine generally is preferred over separate injections of its equivalent component vaccine s. Considerations should include provider assessment, patient preference, 

and the potential for adverse events. Providers should consult the relevant Advisory Committee on Immunization Practices statem ent for detailed recommendations: http://www.cdc.gov/vaccines/
pubs/acip-list.htm. Clinically significant adverse events that follow immunization should be reported to the Vaccine Adverse Event Reporting System (VAERS) at http://www.vaers.hhs.gov or by

telephone, 800-822-7967. 

1. Hepatitis B vaccine (HepB). (Minimum age: birth)
At birth:
• Administer monovalent HepB to all newborns before hospital discharge.
• If mother is hepatitis B surface antigen (HBsAg)-positive, administer HepB 

and 0.5 mL of hepatitis B immune globulin (HBIG) within 12 hours of birth.
• If mother’s HBsAg status is unknown, administer HepB within 12 hours 

of birth. Determine mother’s HBsAg status as soon as possible and, if 
HBsAg-positive, administer HBIG (no later than age 1 week).

Doses following the birth dose:
• The second dose should be administered at age 1 or 2 months. Monovalent 

HepB should be used for doses administered before age 6 weeks.
• Infants born to HBsAg-positive mothers should be tested for HBsAg and anti -

body to HBsAg 1 to 2 months after completion of at least 3 doses of the HepB 
series, at age 9 through 18 months (generally at the next well-child visit).

• Administration of 4 doses of HepB to infants is permissible when a combina-
tion vaccine containing HepB is administered after the birth dose.

• Infants who did not receive a birth dose should receive 3 doses of HepB on 
a schedule of 0, 1, and 6 months.

• 
earlier than age 24 weeks.

2. Rotavirus vaccine (RV). (Minimum age: 6 weeks)
• 

weeks 6 days). Vaccination should not be initiated for infants aged 15 weeks 
0 days or older.

• 
• If Rotarix is administered at ages 2 and 4 months, a dose at 6 months is 

not indicated.
3. Diphtheria and tetanus toxoids and acellular pertussis vaccine (DTaP).

(Minimum age: 6 weeks)
• The fourth dose may be administered as early as age 12 months, provided 

at least 6 months have elapsed since the third dose.  
4. Haemophilus influenzae type b conjugate vaccine (Hib). (Minimum age: 

6 weeks)
• If PRP-OMP (PedvaxHIB or Comvax [HepB-Hib]) is administered at ages 2 

and 4 months, a dose at age 6 months is not indicated.
• Hiberix should not be used for doses at ages 2, 4, or 6 months for the pri-

through 4 years. 
5. Pneumococcal vaccine. (Minimum age: 6 weeks for pneumococcal conju-

gate vaccine [PCV]; 2 years for pneumococcal polysaccharide vaccine [PPSV])
• PCV is recommended for all children aged younger than 5 years. Administer 

1 dose of PCV to all healthy children aged 24 through 59 months who are 
not completely vaccinated for their age.

• A PCV series begun with 7-valent PCV (PCV7) should be completed with 
13-valent PCV (PCV13).

• A single supplemental dose of PCV13 is recommended for all children aged 
14 through 59 months who have received an age-appropriate series of PCV7.

• A single supplemental dose of PCV13 is recommended for all children aged 
60 through 71 months with underlying medical conditions who have received 
an age-appropriate series of PCV7.

• The supplemental dose of PCV13 should be administered at least 8 weeks 
after the previous dose of PCV7. See MMWR 2010:59(No. RR-11).

• Administer PPSV at least 8 weeks after last dose of PCV to children aged 
2 years or older with certain underlying medical conditions, including a 
cochlear implant. 

6. Inactivated poliovirus vaccine (IPV).  (Minimum age: 6 weeks)
• If 4 or more doses are administered prior to age 4 years an additional dose 

should be administered at age 4 through 6 years.
• 

birthday and at least 6 months following the previous dose.
7.  (Minimum age: 6 months for trivalent inactivat-

• For healthy children aged 2 years and older (i.e., those who do not have 
-

tions), either LAIV or TIV may be used, except LAIV should not be given to 
children aged 2 through 4 years who have had wheezing in the past 12 months.

• Administer 2 doses (separated by at least 4 weeks) to children aged 6 months 

but only received 1 dose.
• Children aged 6 months through 8 years who received no doses of monovalent 

vaccine. See MMWR 2010;59(No. RR-8):33–34.
8. Measles, mumps, and rubella vaccine (MMR). (Minimum age: 12 months)

• The second dose may be administered before age 4 years, provided at least 

9. Varicella vaccine. (Minimum age: 12 months) 
• The second dose may be administered before age 4 years, provided at least 

• For children aged 12 months through 12 years the recommended minimum 
interval between doses is 3 months. However, if the second dose was 

10. Hepatitis A vaccine (HepA). (Minimum age: 12 months)
• Administer 2 doses at least 6 months apart.
• HepA is recommended for children aged older than 23 months who live in 

areas where vaccination programs target older children, who are at increased 
risk for infection, or for whom immunity against hepatitis A is desired.

11.  Meningococcal conjugate vaccine, quadrivalent (MCV4). (Minimum age: 
2 years)
• Administer 2 doses of MCV4 at least 8 weeks apart to children aged 2 through 

or functional asplenia, and 1 dose every 5 years thereafter.
• -

cinated with MCV4 should receive 2 doses at least 8 weeks apart.
• Administer 1 dose of MCV4 to children aged 2 through 10 years who travel 

to countries with highly endemic or epidemic disease and during outbreaks 
caused by a vaccine serogroup.

• Administer MCV4 to children at continued risk for meningococcal disease 
who were previously vaccinated with MCV4 or meningococcal polysac -

through 6 years.

Range of  
recommended 
ages for certain 
high-risk groups

Range of 
recommended 
ages for all 
children

Vaccine ▼ Age ► Birth

1
month

2
months

4
months

6
months

12
months

15
months

18
months

19–23
months

2–3
years

4–6
years

Hepatitis B1 HepB

Rotavirus2 RV RV RV 2

Diphtheria, Tetanus, Pertussis 3 DTaP DTaP DTaP see  
footnote3

 type b4 Hib Hib Hib4

Pneumococcal5 PCV PCV PCV

Inactivated Poliovirus6 IPV IPV

7

Measles, Mumps, Rubella8 see footnote 8

Varicella9 see footnote 9

Hepatitis A10

Meningococcal11

HepBHepB

DTaP DTaP

Hib

IPVIPV

MMR

VaricellaVaricella

MMR

PCV

HepA Series

MCV4

PPSV

HepA (2 doses)

Recommended Immunization Schedule for Persons Aged 0 Through 6 Years—United States • 2011

For those who fall behind or start late, see the catch-up schedule

The Recommended Immunization Schedules for Persons Aged 0 Through 18 Years are approved by the Advisory Committee on Immunization Practices  
(http://www.cdc.gov/vaccines/recs/acip), the American Academy of Pediatrics (http://www.aap.org), and the American Academy of Family Physicians ( http://www.aafp.org   .)

Department of Health and Human Services • Centers for Disease Control and Prevention

FIGURE 2-9. Recommended immunization schedule for children (2011) according to the AAP.
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The Recommended Immunization Schedules for Persons Aged 0 Through 18 Years are approved by the Advisory Committee on Immunization Practices (http://www.
cdc.gov/vaccines/recs/acip), the American Academy of Pediatrics (http://www.aap.org), and the American Academy of Family Physicians (http://www.aafp.org).  

This schedule includes recommendations in effect as of December 21, 2010. Any dose not administered at the recommended age should be administered at a 
subsequent visit, when indicated and feasible. The use of a combination vaccine generally is preferred over separate injections of its equivalent component vaccines. 
Considerations should include provider assessment, patient preference, and the potential for adverse events. Providers should consult the relevant Advisory Committee 
on Immunization Practices statement for detailed recommendations: http://www.cdc.gov/vaccines/pubs/acip-list.htm. Clinically significant adverse events that follow 
immunization should be reported to the Vaccine Adverse Event Reporting System (VAERS) at http://www.vaers.hhs.gov or by telephone, 800-822-7967.

1. Tetanus and diphtheria toxoids and acellular pertussis vaccine (Tdap). 
(Minimum age: 10 years for Boostrix and 11 years for Adacel))

Persons aged 11 through 18 years who have not received Tdap should receive 
a dose followed by Td booster doses every 10 years thereafter.
Persons aged 7 through 10 years who are not fully immunized against 
pertussis (including those never vaccinated or with unknown pertussis vac-
cination status) should receive a single dose of Tdap. Refer to the catch-up 
schedule if additional doses of tetanus and diphtheria toxoid–containing 
vaccine are needed.
Tdap can be administered regardless of the interval since the last tetanus 
and diphtheria toxoid–containing vaccine.

2. Human papillomavirus vaccine (HPV). (Minimum age: 9 years) 
Quadrivalent  HPV vaccine (HPV4) or bivalent HPV vaccine (HPV2) is recom-
mended for the prevention of cervical precancers and cancers in females. 
HPV4 is recommended for prevention of cervical precancers, cancers, and 
genital warts in females.
HPV4 may be administered in a 3-dose series to males aged 9 through 18 
years to reduce their likelihood of genital warts. 
Administer the second dose 1 to 2 months after the first dose and the third 
dose 6 months after the first dose (at least 24 weeks after the first dose).  

3. Meningococcal conjugate vaccine, quadrivalent (MCV4). (Minimum age: 
2 years)

Administer MCV4 at age 11 through 12 years with a booster dose at age 16 years.
Administer 1 dose at age 13 through 18 years if not previously vaccinated.
Persons who received their first dose at age 13 through 15 years should receive 
a booster dose at age 16 through 18 years.
Administer 1 dose to previously unvaccinated college freshmen living in a 
dormitory. 
Administer 2 doses at least 8 weeks apart to children aged 2 through 10 years 
with persistent complement component deficiency and anatomic or functional 
asplenia, and 1 dose every 5 years thereafter.
Persons with HIV infection who are vaccinated with MCV4 should receive 2 
doses at least 8 weeks apart.
Administer 1 dose of MCV4 to children aged 2 through 10 years who travel to 
countries with highly endemic or epidemic disease and during outbreaks caused 
by a vaccine serogroup.
Administer MCV4 to children at continued risk for meningococcal disease who 
were previously vaccinated with MCV4 or meningococcal polysaccharide vac-
cine after 3 years (if first dose administered at age 2 through 6 years) or after 5 
years (if first dose administered at age 7 years or older).

4. Influenza vaccine (seasonal). 
For healthy nonpregnant persons aged 7 through 18 years (i.e., those who 
do not have underlying medical conditions that predispose them to influenza 
complications), either LAIV or TIV may be used.
Administer 2 doses (separated by at least 4 weeks) to children aged 6 months 
through 8 years who are receiving seasonal influenza vaccine for the first 

time or who were vaccinated for the first time during the previous influenza 
season but only received 1 dose. 
Children 6 months through 8 years of age who received no doses of mon-
ovalent 2009 H1N1 vaccine should receive 2 doses of 2010-2011 seasonal 
influenza vaccine. See MMWR 2010;59(No. RR-8):33–34.

5. Pneumococcal vaccines.  
A single dose of 13-valent pneumococcal conjugate vaccine (PCV13) may 
be administered to children aged 6 through 18 years who have functional or 
anatomic asplenia, HIV infection or other immunocompromising condition, 
cochlear implant or CSF leak. See MMWR 2010;59(No. RR-11). 
The dose of PCV13 should be administered at least 8 weeks after the previ-
ous dose of PCV7.
Administer pneumococcal polysaccharide vaccine at least 8 weeks after the 
last dose of PCV to children aged 2 years or older with certain underlying 
medical conditions, including a cochlear implant. A single revaccination 
should be administered after 5 years to children with functional or anatomic 
asplenia or an immunocompromising condition.

6. Hepatitis A vaccine (HepA). 
Administer 2 doses at least 6 months apart.
HepA is recommended for children aged older than 23 months who live 
in areas where vaccination programs target older children, or who are at 
increased risk for infection, or for whom immunity against hepatitis A is 
desired.

7.  Hepatitis B vaccine (HepB).
Administer the 3-dose series to those not previously vaccinated. For those 
with incomplete vaccination, follow the catch-up schedule.
A 2-dose series (separated by at least 4 months) of adult formulation 
Recombivax HB is licensed for children aged 11 through 15 years.

8. Inactivated poliovirus vaccine (IPV). 
The final dose in the series should be administered on or after the fourth 
birthday and at least 6 months following the previous dose.
If both OPV and IPV were administered as part of a series, a total of 4 doses 
should be administered, regardless of the child’s current age.

9. Measles, mumps, and rubella vaccine (MMR). 
The minimum interval between the 2 doses of MMR is 4 weeks. 

10. Varicella vaccine. 
For persons aged 7 through 18 years without evidence of immunity (see 
MMWR 2007;56[No. RR-4]), administer 2 doses if not previously vaccinated 
or the second dose if only 1 dose has been administered.
For persons aged 7 through 12 years, the recommended minimum interval 
between doses is 3 months. However, if the second dose was administered 
at least 4 weeks after the first dose, it can be accepted as valid.
For persons aged 13 years and older, the minimum interval between doses 
is 4 weeks.

Vaccine Age 7–10 years 11–12 years 13–18 years

Tetanus, Diphtheria, Pertussis1

Human Papillomavirus2 see footnote 2

Meningococcal3

Influenza4

Pneumococcal5

Hepatitis A6

Hepatitis B7

Inactivated Poliovirus8

Measles, Mumps, Rubella9

Varicella10

Tdap

HPV (3 doses)(females)

MCV4MCV4

Tdap

HPV series

MCV4

Influenza (Yearly)

Pneumococcal

HepA Series

Hep B Series

IPV Series

MMR Series

Varicella Series

Range of 
recommended 
ages for 
catch-up
immunization

Range of 
recommended 
ages for all 
children

Range of  
recommended 
ages for certain 
high-risk groups

Recommended Immunization Schedule for Persons Aged 7 Through 18 Years
For those who fall behind or start late, see the schedule below and the catch-up schedule

FIGURE 2-9. (Continued) 
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• Infant (or child) adjustment
• Feeding routines or nature of nutritional patterns
• Safety

Focusing on these particular sections for this fi rst month visit, the following is a brief outline for issues/
topics to be covered.

Parent (Maternal) Well-Being

Th is is the major focus of this visit, and hence why this visit may be a little longer than subsequent ones. Th ere is 
much to talk about. Having completed the fi rst month, are there any suggestions of depression, substance abuse, 
or complications after the delivery that need to be addressed for the upcoming period? If there have been issues 
concerning maternal depression, or excessive “down periods” for the mother, then discussion with the obstetri-
cian should follow, with the permission of the mother. Postpartum depression remains a major issue for many 
women and needs to be addressed immediately if apparent. For mothers who plan to return to work, discussion 
as to logistics and readiness should be covered. What are the substitute child care arrangements that have been 
made and is the mother comfortable with them?

Family Adjustment

What are the family resources that need to be mobilized for the upcoming months? What roles are diff erent 
family members playing? Is there any suggestion of domestic violence? What additional community resources 
need to be mobilized? Is the parental couple comfortable in their new roles?

 TABLE 2-3

Reportable Events Following Immunizationa

See package insert b See package insert

Inactivated poliovirus vaccine Anaphylaxis or anaphylactic shock
Any acute complication or sequela 
(including death)
See package insert b

24 hours
No limit
See package insert

a Events listed are required by law to be reported to the United States Department of Health and Human Services; however, the 

Vaccine Adverse Events Reporting System (VAERS) will accept all reports of suspected adverse events after the administration 

of any vaccine.

b Refer to the contraindication section of the manufacturer’s package insert for each vaccine.

Aids to interpretation:

• Shock–collapse or hypotonic–hyporesponsive collapse may be evidenced by signs or symptoms such as decrease in or loss of 

muscle tone, paralysis (partial or complete), hemiplegia, hemiparesis, loss of color or change of color to pale white or blue, un-

responsiveness to environmental stimuli, depression of or loss of consciousness, prolonged sleeping with diffi  culty arousing, or 

cardiovascular or respiratory arrest.

• Residual seizure disorder may be considered to have occurred if no other seizure or convulsion unaccompanied by fever or accompa-

nied by a fever of �102° F occurred before the fi rst seizure or convulsion after the administration of the vaccine involved, AND, if in 

the case of measles-, mumps-, or rubella-containing vaccines, the fi rst seizure or convulsion occurred within 15 days after vaccination 

OR in the case of any other vaccine, the fi rst seizure or convulsion occurred within 3 days after vaccination, AND, if two or more 

seizures or convulsions unaccompanied by fever or accompanied by a fever of �102° F occurred within 1 year after vaccination.

• Th e terms seizure and convulsion include grand mal, petit mal, absence, myoclonic, tonic–clonic, and focal motor seizures and signs.

• Encephalopathy means any substantial acquired abnormality of, injury to, or impairment of brain function. Among the fre-

quent manifestations of encephalopathy are focal and diff use neurologic signs, increased intracranial pressure, or changes lasting 

≥6 hours in level of consciousness, with or without convulsions. Th e neurologic signs and symptoms of encephalopathy may be 

temporary with complete recovery, or they may result in various degrees of permanent impairment. Signs and symptoms such 

as high-pitched and unusual screaming, persistent inconsolable crying, and bulging fontanelle are compatible with an encephal-

opathy but in and of themselves are not conclusive evidence of encephalopathy. Encephalopathy usually can be documented by 

slow-wave activity on an electroencephalogram.

From Centers for Disease Control and Prevention: Vaccine adverse event reporting system—United States: Requirements. 

MMWR 39, 1990.
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How are the father and mother dealing with the new baby? Is there any tension in the interactions? Are 
parents comfortable in their new roles, or is there dominance of one versus the other? Is there a grandparent 
involved that is tipping the balance between father and mother making it uncomfortable for either or both of 
the parents?

All of these and numerous other questions are crucial in the discussion with the pediatrician, who can serve 
as a major facilitator to achieve solutions in problematic situations.

Infant Adjustment

What is the sleep/wake cycle for the baby, and how this will change in the coming month? Th e baby may move 
from bassinet to crib. Th e location and equipment should be discussed. If the baby has been diffi  cult to console 
over the fi rst month, what are additional techniques to try to make this easier? What consoling techniques have 
been successful? Discuss the need to place the baby on his tummy regularly each day. Explaining the issues 
related to “infant temperament” should also be part of this guidance. Temperament is the term used by develop-
mental experts to describe the personality and qualities of interaction of even young babies. Often the fi rst signs 
of what a child will be like are seen emerging during infancy. Is the baby slow to warm up, is he shy, withdrawn, 
or does he need more soothing to console? Is the baby very active and constantly on the go, does he sleep fret-
fully and rarely have “quiet times”? Is the baby placid, calm, and able to self-console and play by himself as he 
gets older? Each of these is normal, and may occur, and each description is a specifi c baby temperament.

Helping parents read their baby’s temperament and adjusting their expectations of behavior to that 
temperament are important for them to gain a feeling of comfort and predictability as they react to their 
baby. Matching their responses and expectations to that of their baby’s behavior and reactivity is key to a 
successful bonding and parenting experience. It is also important to remind parents that siblings often have 
diff erent temperaments and just because their older child may have reacted in one fashion does not predict 
the behavior or reactivity of their new baby.

Feeding Routines

Th e feeding schedule during these fi rst several weeks is often erratic. During the fi rst month of life, infants, es-
pecially those who are breast-fed, may feed as often as every 2 hours or, sometimes, every 3 to 4 hours. Each day 
may also be diff erent from the one before, which adds to the confusion of the fi rst month. It is important that 
parents are aware that infants often lose weight until they are 3 to 4 days old, then regain weight to equal their 
birth weight by 10 days of age (possibly 2 weeks for breast-fed infants), and then start to gain weight predict-
ably and quickly. Th ere may be some days when they are especially hungry and others when they are less so (see 
Chapter 4 for more specifi c information on infant feeding).

Breast-feeding remains the feeding method of choice. During the fi rst month, establishing a satisfying breast-
feeding experience is an important goal. By this fi rst visit, breast-fed babies are usually nursing every 3 hours or so 
and feed throughout the night. By now, the mother’s milk supply should be well established, although there may have 
been some days of discomfort or engorgement during the fi rst week at home, and infants and mothers are usually 
quite settled into a routine. Th e mother should have been able to fi nd several comfortable positions for positioning 
the infant, and each feeding usually lasts 20 to 30 minutes, with approximately 10 to 15 minutes on each breast.

It is important to be very encouraging and supportive of the mother who is beginning to breast-feed her 
infant because if the mother can remain relaxed, comfortable, and reassured that the baby is growing and gaining 
weight, then she will feel that all of the initial adjustment has been worth it. Usually, after the fi rst month, the 
feeding process becomes more predictable. Although there may normally be occasional days of sudden “surges 
in apparent hunger and appetite,” infants generally take in approximately 110 to 150 kcal/kg, which is optimum 
for growth. Th is usually translates into 3 to 4 oz every 3 hours in the fi rst month. At this time, it is a good idea to 
give mothers some referral material so they may fi nd answers to some of their questions regarding the specifi cs of 
breast-feeding. Two excellent sources are Th e Womanly Art of Breastfeeding, a publication of La Leche League, and 
Caring for Your Baby and Young Child: Birth to Age 5 (see Suggested Readings).

If parents have chosen the bottle-feeding method, several excellent infant formula preparations are avail-
able. Th ese preparations have a cow’s milk foundation that has been altered to provide a more suitable casein:whey 
ratio, a more digestible form of fat, and vitamin fortifi cation. Th ey can be purchased either in a “ready-to-feed” 
variety, which is quite expensive, or in a concentrate form, which requires reconstitution with water. Some of the 
formula preparations come in a powder formulation that is also convenient for travel purposes. Th ere may be 
questions about preparation, storage, frequency of feeds, bottle cleaning, or other logistics.

See Chapter 4 for the types of formula and their specifi c contents with respect to type of carbohydrate, fat, 
and protein contained, as well as for a more detailed discussion of nutrition.
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Safety/Injury Prevention

Th e following items will serve as the foundation of anticipatory guidance questions on this subject.

• All infants and toddlers should ride in a rear-facing car safety seat until they are 2 years of age or until 
they reach the highest weight or height allowed by their car safety seat’s manufacturer. Proper instal-
lation of car safety seats according to manufacturer’s recommendations is crucial. It is also necessary, 
regrettably, to check the car safety seat recall list to be sure parents are not purchasing a car safety seat 
that has been recalled. Th e Consumer Product Safety Commission (CPSC) or Consumers Union usually 
has an updated recall list.

• Are the parents using seat belts themselves all the time?
• Is the changing table in a safe place (preferably, in a corner with two walls on a side)? Are the necessary 

changing supplies near at hand?
• Is the hot water heater turned down to 120° F, especially if the infant bathes in a sink with a swing-out 

faucet?
• Is the infant never left alone in the house, car, or outside?
• Are pacifi ers never attached with a string around the infant’s neck? Choking is a major hazard for in-

fants, especially those who have a string around the neck.
• Is the crib safe and approved according to national standards? Modifi cations made in 1985 include 

(1) a slat distance of 2 ⅜ in or less, (2) no cutouts in headboards, (3) no protruding corner posts, (4) a 
mattress that fi ts snugly against the side rail, and (5) a side-lowering mechanism that is not accessible 
to the infant.

• Is there a smoke detector in all appropriate places in the home?
• Are small objects kept out of the reach of the infant?

Obviously, as the baby becomes more mobile with increasing age, these child safety measures become 
increasingly important and need to be discussed at each visit. Appendix 2-1 contains a detailed list of age-
 appropriate safety measures. All of these areas are addressed in robust fashion and available online through 
Bright Futures (http://brightfutures.aap.org) or the toolkit that is accessible through your department where 
your training takes place.

CONCLUDING THE VISIT: OTHER KEY ISSUES TO DISCUSS
Th e closing of the health maintenance visit should have several goals:

• To reinforce your recognition of how well the parents have cared for the infant, how well they have ob-
served certain factors, and how responsive they have been despite possible fatigue

• To make sure that the parents or children have no additional questions that they would like to have 
answered

• To be sure they know how to reach the pediatrician or the offi  ce if necessary or in an emergency
• To identify any remaining anxieties they may be feeling
• To confi rm their next appointment and what to expect at that time

At the conclusion of the 1-month health supervision visit, it is important to ask again whether the parents have 
any other questions. Th e questions may be about issues that the pediatrician may have introduced or anything 
else that may come to mind. Often during the visit, additional topics may arise that remind the parents of prob-
lems they had not thought of earlier. Th is is an opportunity to discuss these issues further.
Two other key issues to be sure are not forgotten concern Sleep and Crying.
SLEEP. Infants at this age are naturally predisposed to sleep 12 to 14 hours a day but usually not more than 
3 to 4 hours at a stretch. Th at means the baby will not sleep through the night during this time, and this leads 
to exhaustion, about which parents often complain. Th erefore, it is crucial that the mother develops some ar-
rangements that allow her to get some rest during each day. Th is is especially true if she is breast-feeding.

Pediatric Pearl: During the fi rst months of life, it is recommended that infants be placed 
on their backs when going to sleep. The AAP recommends that infants not bed share 
during sleep (see Sleep Patterns, Chapter 5).

Pe
on
du

770309_Ch_02.indd   42770309_Ch_02.indd   42 5/6/11   12:34:31 PM5/6/11   12:34:31 PM

http://brightfutures.aap.org


CHAPTER 2 ■ HEALTH SUPERVISION VISIT   43

During the second month of life, the sleep pattern of infants usually becomes more regular, but they prob-
ably will still not sleep through the night. It is important to remind parents about the guidelines that recommend 
that they put their infants to sleep on their back, especially in the fi rst several months of life. Th is recommendation 
is derived from the review of the research that may implicate the prone sleeping position in sudden infant death 
syndrome events. Although the research design has some distinct fl aws, the expert panel convened at the AAP has 
concluded that it would be most responsible to advise parents of this possible association and to act accordingly.

Young infants also have two fairly long naps during the day, one in the morning and one in the after-
noon. Usually, by 3 to 4 months of age, the sleep routine changes, and the majority of infants sleep through the 
night.
CRYING AND COLIC. Crying is particularly stressful for new parents. During the fi rst month of life, infants 
often cry for up to 3 to 5 hours per day. In many cases, this fretting appears to occur for no reason; the parents 
have checked for soiled diapers, open diaper pins with cloth diapers, the need for additional feeding, or the rare but 
painful event of a hair getting caught around one of the infant’s toes or fi ngers. Some of the techniques that may 
console a fussy infant include rocking, swaddling, nestling closely on the shoulder, or the judicious use of a pacifi er. 
Occasionally, fussiness is due to a sensitivity to a specifi c formula or a food the mother has eaten that is passing into 
her breast milk. Over the course of the fi rst few months these episodes generally diminish in frequency and inten-
sity, but occasionally, infants remain extremely fussy. Th ese infants are sometimes referred to as colicky babies.

Th e cause of these colicky episodes is not clear, and they appear to be particularly severe during the late after-
noon or evening, often lasting 3 to 4 hours at a stretch. Recently, data derived from a number of carefully controlled 
studies have reinforced the understanding that colicky infants are simply more diffi  cult to console. Because they 
appear to lack some ability to self-regulate their own state, they need additional soothing measures such as holding, 
rocking, and motion to help them self-regulate. Although no measures for handling this problem are guaranteed to 
be successful, these techniques may help bring both parents and infants through these mutually disruptive episodes. 
It is reassuring to know that these intense, fussy periods usually subside by the time the infant is 3 months of age.

With the completion of the fi rst-month visit, subsequent visits will follow the same format, but obviously they 
will have diff erent content depending on the age of the visit. Appendix 2-1 includes a summary of the develop-
mentally appropriate items within each category. Th ese can be further supplemented by careful review of the Bright 
Futures manual before each visit. Ideally, these items can be built into the electronic prompts for those practices 
where an electronic record is used for all health care maintenance documentation.

SUGGESTED READINGS
American Academy of Pediatrics: Bright Futures–Guidelines for 

Health Supervision of Infants, Children, and Adolescents, 3rd ed. 

2008. http://www.brightfutures.aap.org

American Academy of Pediatrics: Guidelines for Health Supervision. 

Elk Grove Village, IL: American Academy of Pediatrics, 2009.

American Academy of Pediatrics, American College of Obstetricians 

and Gynecologists: Breastfeeding Handbook for Physicians. Elk 

Grove, IL: American Academy of Pediatrics, 2006.

American Academy of Pediatrics Committee on Infectious Diseases: 

Report of the Committee on Infectious Diseases (“Th e Red Book”). Elk 

Grove Village, IL: American Academy of Pediatrics, 2008.

Shelov SP, Remer-Altmann T. (eds): Caring for Your Baby and 

Young Child: Birth to Age 5. 5th ed. New York: Bantam Books, 

2009.
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APPENDIX 2-1

Guidelines for Safety Counseling

Early Childhood Safety Counseling Schedule

Preventive 

Health Visit Minimal Safety Counseling

Age Introduce Reinforce Materialsa

Prenatal/New-
born

Infant car seat
Smoke alarm
Crib safety

AAP Car Safety Seats: 
A Guide for Families 2011
Infant Furniture TIPP Slip

2 days to 
4 weeks

Falls Infant car seat

2 months Burns—hot liquids Infant car seat falls Blue Safety Sheet 
(birth–6 months)

4 months Choking/suff ocation Infant car seat falls Blue Safety Survey

Burns—hot liquids Blue Safety Sheet 
(birth–6 months)

AAP Choking Brochure

6 months Poisonings
Burns—hot surface

Falls
Burns—hot liquids
Choking

Beige Safety Sheet (6–12 months)
Poison TIPP Slip
Local Poison Center Sticker

9 months Water/pool safety
Convertible car seat

Poisonings
Falls
Burns

AAP Car Safety Seats: 
A Guide for Families 2011
Beige Safety Sheet (6–12 months)

1 year Firearm hazards
Car seat safety

Water/pool safety
Falls
Burns

Yellow Safety Sheet (1–2 years)
Water/Pool Safety TIPP Slips
AAP Firearms Safety Brochure

15 months Car seat safety
Poisonings
Falls
Burns

Yellow Safety Survey
Yellow Safety Sheet (1–2 years)

18 months Car seat safety Poisonings
Falls
Burns
Firearm hazards

Yellow Safety Sheet (1–2 years)

2 years Falls—play equip-
ment, tricycles/ 
helmets
Pedestrian

Car seat safety
Water/pool safety
Burns
Firearm hazards

Green Safety Survey
Green Safety Sheet (2–4 years)

3 years Car seat safety 
 Pedestrian
Falls
Burns
Firearm hazards

Green Safety Sheet (2–4 years)
AAP Firearms Safety Brochure

4 years Car seat safety or 
booster seat safety

Pedestrian
Falls—play equip-
ment
Firearm hazards

AAP Car Safety Seats: 
A Guide for Families 2011
Green Safety Sheet (2–4 years)
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APPENDIX 2-1

Guidelines for Safety Counseling 

Early Childhood Safety Counseling Schedule (Continued)
Preventive 

Health Visit Minimal Safety Counseling

Age Introduce Reinforce Materials

5 years Water/pool safety Firearm hazards Pink Safety Sheet (5–6 years)

Bicycle safety Pedestrian safety

Booster seat use

6 years Fire safety Bicycle safety Peach Safety Survey

Booster seat use Peach Safety Sheet (6–8 years)

Pedestrian safety

Firearm hazards

8 years Sports safety Bicycle safety Purple Safety Sheet (8–10 years)

Booster seat/seat belt 
use

10 years Firearm hazards Sports safety Gold Child Survey

Seat belt use Gold Safety Sheet (10–12 years)

Bicycle safety

Counseling Guidelines for the First Year of Life
Household Hazards Counseling Guidelines

1. Do you put the crib side up whenever you 
leave your baby in the crib?

Keep crib sides raised.

Crib sides need to be kept up and fi rmly secured to 
prevent falls. Even if your baby currently cannot roll 
over or pull up, there is always a fi rst time.

2. Do you leave the baby alone on tables or beds, 
even for a brief moment?

If you leave, even for a moment, place your baby in 
a playpen or a crib with the sides up.
Emphasize the necessity of anticipating develop-
mental stages; the baby’s fi rst rollover should not 
lead to a fall.

3. Do you leave the baby alone at home? Provide constant supervision.
Never leave your baby alone in the home without 
a capable babysitter, at least 13 years old who can 
respond to emergency situations. Poisonings 
may occur in a matter of minutes; choking, falls, 
fi res, and similar emergencies require immediate 
attention.

4. Do you keep plastic wrappers, plastic bags, 
and balloons away from your children?

Keep plastic bags and balloons away from your 
children.
Plastic wrappers and bags form a tight seal if 
placed over the nose and mouth. Balloons can be 
inhaled into the windpipe and may cause death 
from choking.

Continued
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APPENDIX 2-1

Guidelines for Safety Counseling (Continued)

Counseling Guidelines for the First Year of Life (Continued)
Household Hazards Counseling Guidelines

5. Does your child wear a pacifi er or jewelry 
around his or her neck?

Do not put anything around a baby’s neck—objects 
around the neck may strangle the baby.
Necklaces, ribbons, or strings around a baby’s 
neck may get caught on parts of furniture or other 
objects and cause strangulation. Drawstrings also 
should be removed from all children’s clothing.

6. Does your child play with small objects such as 
beads or nuts?

Do not allow your child to play with small objects.
Any small objects that can be placed in the mouth 
(including plant parts) are potential hazards. Even 
small pieces of food may cause problems; children 
should not run or play while eating. Parents should 
be informed about emergency treatment for the 
choking child. Use the AAP brochure Choking 

Prevention and First Aid for Infants and Children. 
Round or cylindrical food or objects are especially 
hazardous.

7. Are any of your babysitters younger than 
13 years?

Select an experienced babysitter.
All sitters should be at least 13 years old and 
mature enough to handle common emergencies. 
Use the AAP handout Baby-sitting Reminders.

8. How frequently is the heating system checked 
where you live?

Check heating systems at least once a year.
Th is annual inspection helps prevent carbon 
monoxide poisoning, fi res, and system malfunction.

9. Are your operable window guards in place? Place operable window guards on all windows in 
your home.
Window guards should be properly repaired and 
inspected regularly. Keep furniture away from 
windows that can give a climbing toddler access 
to a windowsill. Apartment windows should have 
guards above the second fl oor. Th e spaces above 
and below window guards should be less than 
4 inches to prevent a child from falling through. 
Children leaning on screens can fall through and 
be seriously injured.

10. Do you ever place your baby in an infant 
walker?

Do not place your child in a walker.
Every year, more than 8,000 injuries occur to chil-
dren in walkers.

Burns Counseling Guidelines

11. Does anyone in your home ever smoke? About one-third of home fi res involving fatalities 
are caused by smoking.
Smoking in bed or improper disposal of ashes or 
butts endangers children sleeping in adjacent rooms 
who may be trapped in the event of fi re.
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APPENDIX 2-1

Guidelines for Safety Counseling

Counseling Guidelines for the First Year of Life (Continued)
Burns Counseling Guidelines

12. Do you have a plan of escape from your home 
in the event of a fi re?

Develop an escape plan in the event of a fi re in the 
home.
Identify appropriate exit routes and a family meet-
ing point away from the house.

13. Do you have working fi re extinguishers in 
your home?

Buy a fi re extinguisher for the home.
Th e most common causes of home fi res are 
cooking and heating equipment. Multipurpose 
dry chemical extinguishers should be available in 
the kitchen and in any room with a furnace 
or fi replace.

14. Do you have working smoke alarms in 
your home?

Install a smoke alarm in your home.
Most fi re-related deaths occur at night and are the 
result of inhaling smoke or toxic gas. Th ere is a 
critical period of 4 minutes to get outside after the 
alarm sounds. Smoke alarms are recommended for 
each fl oor, but particularly for furnace and sleeping 
areas. Batteries should be checked monthly and 
replaced yearly.

15. Do you ever drink or carry hot liquids when 
holding your baby?

Do not drink or carry hot liquids when holding 
your child or when children are nearby.
Scalds result from spilled hot food and drink; 
scalding injuries can be decreased by avoiding the 
use of tablecloths and keeping cups and saucers 
away from the edge of tables.

16. Do you ever use woodstoves or kerosene 
heaters?

Erect barriers around space heaters.
Th e use of space heaters, woodstoves, and 
kerosene heaters has been associated with severe 
burns to toddlers. Appropriate barriers should 
protect children.

Water Safety Counseling Guidelines

17. Do you leave the baby alone in or near a tub, 
pail of water, or toilet, even for a brief moment?

Never leave a child alone in or near a tub, pail, 
toilet, or pool of water.
Th e bathtub is a source of severe scalding burns. If 
the phone or doorbell rings, do not leave an infant 
or toddler alone even for a moment. Young children 
can drown in less than 2 inches of water.

18. Do you have a pool or hot tub where you live? Fence in your pool or hot tub on all four sides.
Nationally, drowning is the leading cause of injury-
related death in children younger than 1 year.

Continued
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APPENDIX 2-1

Guidelines for Safety Counseling (Continued)

Counseling Guidelines for the First Year of Life (Continued)
Auto Safety Counseling Guidelines

19. Do you use a car safety seat in the car on every 
trip at all times?

Your child should ride in a car safety seat during 
every trip, even if you will only be traveling a short 
distance.

20. Does your car have a passenger air bag? NEVER place an infant in front of an air bag.

21. Where do you place your child’s car safety seat 
in the car?

Seat a child in the rear seat of the car. Th is is the 
safest place in the car. All infants and toddlers 
should ride in a rear-facing car safety seat until they 
are 2 years of age or until they reach the highest
weight or height allowed by their car safety seat’s 
manufacturer.

Bicycle Safety Counseling Guidelines

22. Does your child ride on your bicycle with you? Do not carry children younger than 12 months on 
bicycles.
Infants too young to sit in a rear bike seat should 
never be carried on a bicycle. Children 12 months 
to 4 years old who can wear a helmet may ride in a 
rear-mounted seat. Use of backpacks or frontpacks 
is not recommended. Parents should avoid riding 
on busy streets. With small children, falls frequently 
result in head injuries. Children should always wear 
a helmet that meets Consumer Product Safety 
Commission (CPSC) or Snell Memorial 
Foundation standards.

Firearm Hazards Counseling Guidelines

23. Is there a gun in your home or the home where 
your child plays or is cared for?

Remove all guns from places children live and 
play.
More than 5,000 children and adolescents are 
killed by gunfi re each year—injuries almost always 
infl icted by themselves, a sibling, or a friend. Hand-
guns are especially dangerous. If you choose to keep 
a gun at home, store it unloaded in a locked place. 
Lock and store the ammunition in a separate place.

Counseling Guidelines from 1 to 4 Years (Part 1)
Household Hazards Counseling Guidelines

1. Do you leave your child alone at home? Never leave small children alone in the home.
Parents should be aware of the child’s rapid acquisi-
tion of new abilities.

2. Are any of your babysitters younger than 
13 years?

Select an experienced babysitter.
All sitters should be at least 13 years old and 
mature enough to understand parental instructions 
and handle common emergencies. Use the AAP 
handout Baby-sitting Reminders.
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Counseling Guidelines from 1 to 4 Years (Part 1) (Continued)
Household Hazards Counseling Guidelines

1. Do you keep plastic wrappers, plastic bags, and 
balloons away from your children?

Keep plastic bags and balloons out of reach.
Plastic wrappers and bags form a tight seal if placed 
over the mouth and nose and may suff ocate the 
child. Balloons can be inhaled into the windpipe 
and may result in death from choking.

2. Do you know how to prevent your child from 
choking?

Small objects and solid foods such as hot dogs, 
peanuts, grapes, carrots, or popcorn may block 
your child’s airway.
Any small objects that can be placed in the mouth 
are potential hazards. Children should not run or 
play while eating. Parents should learn cardiopul-
monary resuscitation and emergency treatment for 
the choking child. Use the AAP brochure Choking 

Prevention and First Aid for Infants and Children.

3. Do you have mechanical garage doors? Mechanical garage doors may crush a child.
Install only garage door openers with sensors.

4. Are your operable window guards in place? Place operable window guards on all windows in 
your home.
Window guards should be properly repaired and 
inspected regularly. Keep furniture away from 
windows that can give a climbing toddler access 
to a windowsill. Apartment windows should have 
guards above the second fl oor. Windows should 
not be able to open more than 4 inches to prevent 
a child from falling through. Children leaning on 
screens can fall through and be seriously injured.

5. Is your child in the yard while the lawn mower 
is in use?

Keep small children out of the yard while the lawn 
mower is in use.
Potential injury results from the machine itself and 
from objects thrown by the blade. Children should 
not be passengers on ride-on mowers.

6. Do you place gates at the entrance to stairways 
(for children younger than 3 years)?

Use gates on stairways.
Use gates at the top and bottom of entrances to 
stairways because young children can quickly 
crawl or climb up the stairs from the lower level. 
Accordion-style gates are hazardous and can trap 
the child’s head, causing death.

7. Is your baby’s crib near a window or a drapery 
covering?

Place your baby’s crib away from windows.
Cords from window blinds and draperies can 
strangle your child. Tie cords high and out of reach.

8. Do you check for safety hazards in the homes 
of friends or relatives where your child may 
play?

Check for hazards in homes your child may visit.
Other homes, especially those with no children or 
older children, may pose particular hazards from 
poisonings, falls, pools, and guns.

Continued
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Guidelines for Safety Counseling (Continued)

Counseling Guidelines from 1 to 4 Years (Part 1) (Continued)
Household Hazards Counseling Guidelines

9. Have any of your children ever had an injury 
requiring a visit to the doctor or hospital?

Report any history of injuries to the pediatrician.
Th e pediatrician is able to explore the causes and 
discuss preventive measures. It has been shown 
that stressful family situations can be causally 
linked to repeated injuries in children (three or 
more injuries within 12 months). Also note that 
once an ingestion has occurred, another incident is 
likely within a year.

Firearm Hazards Counseling Guidelines

10. Is there a gun in your home or the home where 
your child plays or is cared for?

Remove all guns from places children live and play.
More than 5,000 children and adolescents are 
killed by gunfi re each year—injuries almost always 
infl icted by themselves, a sibling, or a friend. 
Handguns are especially dangerous. If you choose 
to keep a gun at home, store it unloaded in a 
locked place. Lock and store ammunition in a 
separate place, and make sure to hide the keys to 
the locked boxes.

Poisonings Counseling Guidelines

11. Do you keep household products, medicines 
(including acetaminophen and iron), and sharp 
objects out of the reach of your child and in 
locked cabinets?

Keep medicines and hazardous products out of the 
sight and reach of children.
Household products, medicines, and sharp objects 
should be stored and locked in high places out of 
the child’s sight. Keep household products in their 
original containers and never in food or beverage 
containers.

12. Do you dispose of old medicines? Dispose of old medicines.
All old medications should be safely disposed of by 
fl ushing them down the toilet.

13. Do you have safety caps on all bottles of medi-
cine?

Purchase medicines with child-resistant safety 
caps.
Remember to securely replace the cap and store the 
medicine out of the child’s reach.

14. Does your child chew on paint chips or 
windowsills?

Inspect walls for peeling paint.
Paint that is peeling and chipped or is on chewable 
surfaces is a potential lead hazard. Approximately 
85% of all homes built in the United States before 
1978 have lead-based paint in them. Housing built 
before the 1950s poses particular risk for exposure 
to lead.
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Counseling Guidelines from 1 to 4 Years (Part 1) (Continued)
Poisonings Counseling Guidelines

15. How frequently is the heating system checked 
where you live?

Heating ventilation systems should be checked at 
least once a year.
Th is annual inspection helps prevent carbon 
monoxide poisoning, fi res, and system malfunc-
tion. Carbon monoxide detectors also are available 
to provide an early warning before the deadly gas 
builds up to a dangerous level.

Counseling Guidelines from 1 to 4 Years (Part 2)
Burns Counseling Guidelines

1. Do you use electrical appliances in the bath-
room?

Do not use electrical appliances within the reach of 
a child in the bathroom.
Electrical current hazards are increased by wetness. 
Appliances must be used with extreme caution in 
the presence of water.

2. Do you keep electrical appliances and cords out 
of your child’s reach?

Keep electrical cords out of a child’s reach.
Mouth burns in children can result from chewing 
on the end of a live extension cord or on a poorly 
insulated wire. Cords should not be within reach of 
a child.

3. Do you keep matches and cigarette lighters out 
of the reach of your children?

Keep matches and lighters out of the reach of 
children.
Annually, 5,600 fi res are started by children 
younger than 5 years playing with matches and 
lighters. Th ese fi res cause 150 deaths per year.

4. Does anyone in your home ever smoke? Most deaths due to home fi res are caused by 
smoking.
Smoking in bed or improper disposal of ashes or 
butts endangers children sleeping in adjacent rooms 
who may be trapped in the event of fi re. Twelve 
percent of residential fi res are associated with 
smoking.

5. Do you have a plan for escape from the home 
in the event of a fi re?

Develop an escape plan in the event of a fi re in the 
home.
Identify appropriate exit routes and a family 
meeting point away from the house. Do not use 
elevators in apartment buildings if there is a fi re. 
Ask your fi re department for help in designing an 
escape plan. Use the AAP handout, Protect Your 

Home Against Fire . . . Planning Saves Lives.

Continued
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Guidelines for Safety Counseling (Continued)

Counseling Guidelines from 1 to 4 Years (Part 2) (Continued)
Burns Counseling Guidelines

6. Do you have working fi re extinguishers in your 
home?

Buy a fi re extinguisher for your home.
Th e most common causes of home fi res are cooking 
and heating equipment. Multipurpose dry chemical 
fi re extinguishers should be available in the kitchen 
and in any room with a furnace or fi replace.

7. Do you have working smoke alarms in your 
home?

Install a smoke alarm in your home.
Th e majority of fi re-related deaths occur at night 
and are the result of inhaling smoke or toxic gas. 
Th ere is a critical period of 4 minutes to get outside 
after the alarm sounds. Smoke alarms are recom-
mended for each fl oor, but particularly for furnace 
and sleeping areas. Check the batteries monthly 
and change them once every year.

8. Have you checked the temperature of the hot 
water where you live?

Check hot water temperature.
A third-degree burn can occur in only 6 seconds 
with a water temperature of 140° F. Th e tempera-
ture of a water heater should be set no higher 
than 120° F.

9. Do you keep the handles of pots and pans 
on the stove out of the reach of children?

Keep hot pots and pans out of the reach of 
children.
Scalds in the kitchen are common; pot handles 
should be turned inward from the edge of the 
stove and be out of your child’s reach. Th e kitchen 
is the most dangerous room for children. Keep 
children out of the kitchen when you are cooking, 
or put them in a playpen or high chair to keep 
them secure.

Water Safety Counseling Guidelines

10. Do you leave your child alone in the bathtub? Do not leave your child alone in a tub, even for 
a moment.
Th e bathtub is a source of severe scalds and 
also poses a potential drowning hazard. If the 
 telephone or doorbell rings, do not leave your 
child alone or in the care of another child, even 
for a moment.

11. Do you take your child on a boat? Always wear a Coast Guard-approved life jacket.
Everyone on the boat should wear a Coast 
Guard-approved life jacket. At least one adult 
swimmer should be present for each child who 
cannot swim. Use the AAP handout Life Jackets 

and Life Preservers.
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Counseling Guidelines from 1 to 4 Years (Part 2) (Continued)
Water Safety Counseling Guidelines

12. Do you have a pool or hot tub where you live? Fence in your pool or hot tub on all four sides.
Drowning is the second leading cause of death 
of children nationally in this age group. Children 
most often drown when they fall into a pool that 
has not been completely fenced in on all four 
sides. Between 60% and 90% of drownings 
among children younger than 4 years occur in 
swimming pools.

13. Do you allow your child to swim unsupervised? Do not let children swim without supervision.
Never—not even for a moment—leave your chil-
dren alone or in the care of another child in wading 
or swimming pools, spas, or other open standing 
water.

Bicycle Safety Counseling Guidelines

14. Does your child ride on your bicycle with you? Use an approved child carrier.
Infants too young to sit in a rear bike seat should 
never be carried on a bicycle. Children 1 to 4 years 
of age who can wear a helmet may ride in a rear-
mounted seat. Use of backpacks or frontpacks is 
not recommended. Parents should avoid riding in 
busy streets. With small children, falls frequently 
result in head injuries. Children should always wear 
a helmet that meets Consumer Product Safety 
Commission (CPSC) or Snell Memorial Founda-
tion standards.

Auto Safety Counseling Guidelines

15. How are your children restrained when they 
ride in a car?

Children this age should always be properly re-
strained in a car safety seat. Select a car safety seat 
that fi ts your child’s size and weight and that can be 
installed properly in your car. Use it every time you 
are in the car. Remember that children should ride 
in car safety seats until they are about 4 years old 
and weigh about 40 lb. Children who weigh from 
40 lb up to about 80 lb (or until they are about 
4 ft 9 in tall) should ride in booster seats with lap/
shoulder harnesses. Adults wearing seat belts are 
eff ective role models. Use the AAP brochure Family 

Shopping Guide to Car Seats for a list of car safety 
seats that meet federal standards.

Continued
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Counseling Guidelines from 1 to 4 Years (Part 2) (Continued)
Auto Safety Counseling Guidelines

16. Do you leave your child alone in the car? NEVER leave a child alone in a car.
Children and car keys should always be removed 
from the car and the car kept locked. In addition 
to the many dangers of leaving children alone in 
the car, death from excess heat may occur in warm 
weather in a closed car in a short time.

17. Where do you seat your children in the car? Seat children in the rear seat of the car.
Th is is the safest place in the car. Never allow 
children to ride in the cargo area of a station wagon 
or truck.

18. Does your car have a passenger air bag? Never put children in front of passenger air bags.

19. Do you lock the car doors before driving? Buckle up and lock up! Before the car moves, all 
seat belts or child safety seats should be properly 
fastened and all doors should be locked.

20. Does your child play in the driveway or in or 
near the street?

Young children should not play in driveways or 
near busy streets.
Parents should always walk behind the car before 
backing down a driveway. Children may not be seen 
in the rear view mirror and could be run over.

Toy Safety Counseling Guidelines

21. Do you check your child’s toys for safety 
 hazards?

Inspect toys for safety hazards.
Repair or discard broken toys. Inspect your 
child’s toys for projectile and sharp parts or small 
detachable parts. Some toys may pose hazards 
from electric shock and burns. Toys intended for 
older children should not be accessible to toddlers 
and preschoolers. Follow age guidelines on toy 
packaging.

Counseling Guidelines from 5 to 9 Years
Firearm Hazards Counseling Guidelines

1. Is there a gun in your home or the home where 
your child plays or is cared for?

Do not keep guns in your home.
Guns, especially handguns, should be removed 
from the environments where children live and play. 
If fi rearms are in the home, they must be stored 
unloaded in a locked place and out of the reach of 
children. Guns are frequently involved in uninten-
tional shootings in this age group, and homicides 
and suicides also occur. Parents should ask whether 
the homes where their child visits or is cared for 
have guns and how they are stored.
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Counseling Guidelines from 5 to 9 Years (Continued)
Household Hazards Counseling Guidelines

2. Do you let your child operate a power lawn 
mower?

Never let children this age operate a lawn mower 
or ride with you on one.
Potential injury results from the machine itself and 
from objects thrown by the blade. Ride-on mowers 
are not recreational vehicles. Refer to the AAP 
Safety Slip Lawn Mower Safety.

3. Have any of your children ever had any injuries 
requiring a visit to the doctor or hospital?

Report any history of injuries to the pediatrician.
Th e pediatrician is able to explore the causes and 
discuss preventive measures. It has been shown that 
stressful family situations can be causally linked to 
repeated injuries in children (three or more injuries 
needing medical attention within 12 months).

4. How frequently is the heating system checked 
in your home?

Heating ventilation systems should be checked 
at least once a year.
Th is annual inspection helps prevent carbon mon-
oxide poisoning, fi res, and system malfunction.

Burns Counseling Guidelines

5. Do you and your children know how to get out 
of your home safely in the event of a fi re?

Develop an escape plan in the event of a fi re in the 
home.
Identify appropriate exit routes and a family meet-
ing point away from the house. Do not use eleva-
tors in apartment buildings if there is a fi re. Use the 
AAP handout Protect Your Home Against Fire . . . 

Planning Saves Lives.

6. Does anyone in your home ever smoke? A third of deaths due to home fi res are caused by 
smoking.
Smoking in bed or improper disposal of cigarette 
ashes or butts endangers children sleeping in adja-
cent rooms who may be trapped in the event of fi re. 
Twelve percent of residential fi res are associated 
with smoking.

7. Does your child play with matches or lighters? Do not let children play with fi re.
Keep matches and lighters out of the sight and 
reach of children. Th ey commonly ignite fl ammable 
materials, which may result in severe burns and 
house fi res.

8. Do you have working fi re extinguishers in your 
home?

Buy a fi re extinguisher for your home.
Extinguishers should be available in kitchens and in 
rooms with a furnace or fi replace.

Continued
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Counseling Guidelines from 5 to 9 Years (Continued)
Burns Counseling Guidelines

9. Does your child play with fi recrackers or 
sparklers?

Do not let children play with fi reworks.
Firecrackers and sparklers can cause serious burns 
and injuries and should not be played with by 
children. Bystanders often are seriously injured 
by fi reworks as well. An estimated 10,000 injuries 
related to fi reworks are reported annually to the  
Consumer Product Safety Commission (CPSC).

10. Do you have working smoke alarms in your 
home?

Install smoke alarms in your home.
Most fi re-related deaths are the result of inhaling 
smoke or toxic gas. Th ere is a critical period of 
4 minutes to get outside the home after the alarm 
sounds. Smoke detectors are recommended for 
each fl oor, but particularly for furnace and sleep-
ing areas. Be sure to test the alarm monthly to be 
certain that it is working. Change the batteries 
every year.

Water Safety Counseling Guidelines

11. Does your child know how to swim? Teach children how to swim.
Swimming is an important life skill that all children 
should acquire. However, even if children know 
how to swim, there are still hazards. Th ey may 
not retain their swimming skills in an emergency; 
even competent young swimmers should not swim 
unsupervised.

12. Does your child know the rules of water and 
diving safety?

Teach and enforce the rules of swimming and 
 diving safety.
Drowning is the second most common cause of 
death in children of this age. Knowledge of swim-
ming is not enough to prevent drowning. Children 
should swim in supervised areas only. Th e “buddy” 
system is desirable. Teach your child to always enter 
the water feet fi rst. Use the AAP handouts Life 

Jackets and Life Preservers, Pool Safety for Children, 
and Water Safety for Your School-aged Child.

13. Does your child wear a life jacket when on 
a boat?

Be sure your child wears a life jacket when on 
a boat.
Everyone on the boat should use a Coast Guard–
approved life jacket. At least one adult swimmer 
should be present for each child who cannot swim.
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Counseling Guidelines from 5 to 9 Years (Continued)
Auto Safety Counseling Guidelines

14. Does your child use a booster seat or seat belt 
when riding in the car?

A booster seat should be used on every trip by all 
children who weigh from 40 lb up to about 80 lb 
(or until they are about 4 ft 9 in tall). Seat belts 
should not be used until the lap belt can be worn 
low and fl at on the hips and the shoulder belt can 
be worn across the shoulder rather than the face 
or neck.
Shoulder belts should be installed in the back seats 
of cars that do not have them.

15. Does your car have a passenger air bag? Never seat a child in front of a passenger air bag.

Pedestrian Safety Counseling Guidelines

16. Do your children cross the street by 
 themselves?

Teach your child pedestrian safety skills.
More than half of motor vehicle-related deaths 
in school-aged children are caused by pedestrian 
injuries. All children should learn safe street-
crossing skills and should demonstrate those skills 
to the parent before supervision ends. Children will 
still require supervision when crossing the street. 
Parents often think their children are able to handle 
traffi  c safety by themselves, but most children do 
not have the skills to handle these risky situations 
until at least 10 years of age.
Parents should be reminded that children:
• Often act before thinking and may not do what 

parents or drivers expect
• May assume that if they see the driver, the 

driver sees them
• Cannot judge speed like adults
• Are shorter than adults and cannot see over cars, 

bushes, and other objects
• Need a place to play away from cars and the 

street

Bicycle Safety Counseling Guidelines

17. Has your child learned about bicycle safety? Teach and enforce bicycle safety rules.
Bicycle crashes can result in serious injury and 
death. Children should not ride in the street at this 
age. Th ey should ride on bike paths, in parks, or in 
protected areas. Th ey should never ride after dark. 
Bicycles should be equipped with coaster brakes at 
this age because the child may not be developmen-
tally ready to use hand brakes appropriately. Use 
the AAP handout Safe Bicycling Starts Early. Th e 
size of the bicycle should be appropriate for the 
child. Use the AAP handout, Choosing the Right 

Size Bicycle for Your Child.

Continued
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Counseling Guidelines from 5 to 9 Years (Continued)
Bicycle Safety Counseling Guidelines

18. Does your child wear a helmet every time he or 
she rides a bike?

Wear a bicycle helmet.
All children should wear a bicycle helmet approved 
by the CPSC. Parents should set an example by 
wearing helmets when they ride bikes as well.

Recreational Safety Counseling Guidelines

19. Does your child participate in sports? Wear protective gear during sports.
Despite safety measures such as protective padding 
and helmets, the risk of injury is present in all sports. 
Children should be made aware of the risks that go 
with the sports they play. Th e chance of injury becomes 
greater with the degree of contact in a sport. Football, 
wrestling, gymnastics, soccer, ice hockey, and track/
running have the highest rates of injury. Lower leg 
(knee and ankle) injuries are the most common inju-
ries in major sports. Children should not participate 
in boxing because of the high risk of brain damage. 
Many serious sports injuries can be prevented if players 
wear protective equipment, particularly head and eye 
protection. Parents should encourage the use of such 
gear and teach their children that wearing protective 
gear increases the long-term enjoyment of the sport. If 
your child uses a scooter, skateboard, or rollerblades, a 
helmet, knee and elbow pads, and wrist guards should 
be worn. Use the AAP brochure Sports and Your Child.

20. Does your child participate in horseback 
riding?

All children should wear an approved equestrian 
helmet when riding a horse.
All horseback riding activities should be supervised 
by an adult.

Counseling Guidelines from 10 to 12 Years
Firearm Hazards Counseling Guidelines

1. Is there a gun in your home or any of your 
friends’ homes?

Do not play with guns!
More than 300 children die each year of uninten-
tional gunshot wounds. BB guns and paint pellet 
guns often cause severe eye injuries. Air rifl es are 
dangerous weapons that can kill.

Burns Counseling Guidelines

2. Do you have working smoke alarms in your 
home?

Check to see that your home has a smoke alarm.
Most fi re-related deaths are the result of inhaling 
smoke or toxic gas. Th ere is a critical period of 
4 minutes to get outside the home after the alarm 
sounds. Smoke alarms are recommended for each 
fl oor, but particularly for furnace and sleeping areas. 
You should know appropriate exit routes and 
a family meeting point away from the house.
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Counseling Guidelines from 10 to 12 Years (Continued)
Bicycle Safety Counseling Guidelines

3. Do you ever ride with passengers on your bike? Never ride with passengers on your bike.
Th is may impair your stability and visibility and 
lead to an injury.

4. Do you wear a helmet when you ride your 
bike?

Always wear a helmet when riding a bike.
Th is protects you from head injury. Use the AAP 
handout Safe Bicycling Starts Early.

Auto Safety Counseling Guidelines

5. Do you wear a seat belt in the car? Buckle up. Seat belts save lives and should be used 
by all children. Remind your parents to buckle up 
as well.

6. Do you ride in cars that have passenger air 
bags?

Do not sit in front of a passenger air bag. Th e safest 
place for children to ride is in the back seat.

7. Where do you sit in the car? Th e safest place for you to ride is in the back seat, 
buckled up.

Pedestrian Safety Counseling Guidelines

8. When you want to cross the street, what is the 
fi rst thing you should always do?

Follow safety rules when crossing the street.
• Always stop at the curb, roadside, or at the 

outside edge of a parked car.
• Always look left-right-left before entering the 

area of the road in which cars travel, even if a 
traffi  c light says “walk.”

• If a car is coming, wait until it passes and look 
left-right-left again.

• Proceed to cross the street only when the road is 
clear.

Water Safety Counseling Guidelines

9. When playing near water (e.g., rivers, ponds, 
lakes, oceans), is it OK to play alone?

Never play near water without an adult nearby.
Even if children can swim, they should never play 
unsupervised near bodies of water into which they 
may fall because they may not retain their swim-
ming skills in an emergency. Water conditions 
(rapids, tides) may overwhelm otherwise capable 
swimmers.

Farm Safety Counseling Guidelines

10. Do you live or work on a farm? Farm equipment is very dangerous to children.
Parents may need to be counseled for this question.

a Safety sheets can be obtained from Th e Injury Prevention Program (TIPP) of the AAP.
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Adolescence, from the beginning of puberty until early adulthood, is a time of accelerated physical growth and 
maturity coincident with signifi cant psychosocial and cognitive development. Th e chronologic boundaries of 
adolescence are roughly defi ned as between the ages of 12 and 21 years. Although most adolescents are healthy, 
an estimated 6% have chronic illnesses that limit daily activity, such as diabetes, cancer or other hematologic 
disorders, development disabilities, mental retardation, and asthma. However, the leading causes of morbidity 
and mortality in this age group are not these chronic conditions but rather injuries, homicide, and suicide, as well 
as the sequelae of early sexual activity and substance use.

Th is chapter contains a description of the physical and psychologic changes that occur during puberty. 
Following this is a discussion of several issues of importance during adolescence—violence, suicidal behavior, 
substance abuse, eating disorders, and sexual activity. Th e second part of the chapter addresses the special health 
concerns of adolescent athletes. Participation in sports—individually, community-based, or on school teams—
provides young adults with a healthy venue to develop both physical and psychosocial skills.

ADOLESCENT PHYSICAL GROWTH AND DEVELOPMENT
Th e stages identifi ed by J.M. Tanner are traditionally used to describe physical growth and development of the 
genitalia and secondary sexual characteristics of adolescents. Tanner stages describe female breast and pubic hair 
development (Figures 3-1 and 3-2), as well as male genitalia and pubic hair growth (Figure 3-3).

Girls
Th e earliest sign of puberty in girls is the appearance of the breast bud (thelarche), which may normally occur as 
young as 8 years of age. In fact, the average age of breast development has decreased over the past century. In the 
United States, Tanner 2 breast development occurs at about 9.9 years of age in Caucasian girls and 8.8 years of 
age in African American girls. Subsequent breast development involves further enlargement of the areola and 
breast (Tanner 3), appearance of the secondary mound (Tanner 4), and the mature female breast (Tanner 5). 
Simultaneous changes in the distribution of pubic hair occur, beginning with a sparse amount of long hair over 
the labia majora (Tanner 2), and progressing to darker, curlier, coarser hair (Tanner 3). Th en, most of the mons 
pubis is covered with pubic hair (Tanner 4), and fi nally, an adult pattern of pubic hair (Tanner 5) is apparent. 
Breast development may take up to 4 years and pubic hair growth up to 2.5 years. Many fully mature women 
have Tanner 4 breast development or pubic hair.

Th e average age of menarche, which is approximately 12.8 years for Caucasian girls and 12.16 years for Afri-
can American girls, coincides with at least Tanner 4 breast and pubic hair development. In girls, the growth spurt 
usually occurs approximately 6 months before menarche and is coincident with the end of the Tanner 3 stage, a 
year after breast development begins. Th e peak of the growth spurt usually precedes menarche (Figure 3-4).

Boys
Physical maturity usually occurs approximately 6 months later in boys than in girls. Th e fi rst signs of puberty are 
testicular and scrotal enlargement (Tanner 1 to Tanner 2), which occur at an average age of 11.5 years. Within a 
year of these changes, the penile length begins to increase (Tanner 3). Further growth of the testes and scrotum 
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FIGURE 3-1. Tanner stages of female breast development. From Fleisher GR, Ludwig S (eds): Textbook of 
Pediatric Emergency Medicine, 3rd ed. Baltimore, Williams & Wilkins, 1993, p 1506.

Stage 1  Perpubertal: Elevation of papilla only. Stage 2 Breast bud: Areola widens. Elevation of small 
mound of subareolar tissue and erect papilla.

Stage 3 Continued enlargement of breasts and 
widening of areola, but without separation of contours.

Stage 4 Areola and papilla separate from the contour
of the breast forming a secondary mound.

Stage 5 Mature female breast with areola and breast
in same plane, erect papilla.

FIGURE 3-2. Tanner stages of female pubic hair growth. From Fleisher GR, Ludwig S (eds): Textbook of 
Pediatric Emergency Medicine, 3rd ed. Baltimore, Williams & Wilkins, 1993, p 1506.

Stage 1  No pubic hair.

Stage 2 A sparse amount of long, somewhat
pigmented hair over labia majora primarily.

Stage 3 Pubic hair darkens, coarsens and curls,
and spreads sparsely over the mons pubis.

Stage 4 Abundant, coarse, adult-type hair
limited to the mons pubis.

Stage 5 Adult-type and quantity of hair with
spread to the medial aspect of the thighs.
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occurs, with increased scrotal rugae and penile diameter (Tanner 4), and eventually adult-size testicles (approxi-
mately 22 mL) and penis (Tanner 5). Simultaneous changes in the distribution of pubic hair occur, known as 
adrenarche, with growth beginning at the base of the penis (Tanner 2) and progressing to darker, coarser hair 
(Tanner 3). Th e hair then covers a much larger area (Tanner 4) and fi nally assumes an adult pattern (Tanner 5), 
which is usually attained by ages 14 to 16 (Figure 3-5).

Th e growth spurt in boys is usually coincident with Tanner 4 development of genitalia. On average, the 
growth spurt begins at approximately 11.5 years of age and is complete by 13 to 17 years. Nocturnal emis-
sions or wet dreams are fi rst noticed at Tanner 3. Change of voice usually occurs between Tanner 3 and 4 
(see Figure 3-5).

Axillary hair development in boys begins at the same time as Tanner 4 development of pubic hair. One 
year later, facial hair develops and starts at the corners of the upper lip and spreads medially. Hair growth on the 
upper cheek, lower lip, and chin follows. Chest hair growth is a postpubertal event.

ADOLESCENT PSYCHOSOCIAL AND COGNITIVE DEVELOPMENT
Adolescence is not only a time of rapid physical growth and maturational changes, but also a period of behav-
ioral metamorphosis; children who once relied solely on their parents and followed their wishes develop into 
autonomous adults who are now capable of making their own choices. Th e in-between period is marked by 
changes in body image, emergence of strong peer group infl uence, risk-taking behaviors, and the development 
of an adult pattern of sexuality and personal values. When discussing cognitive and psychosocial development, 
it is best to divide adolescence into early (12 to 14 years of age, or junior high), middle (15 to 17 years of age, or 
high school), and late (18 to 21 years of age, or college and/or employment) stages.

Early adolescence is characteristically a period of egocentricity. Experiencing rapid physical changes, ado-
lescents wonder, “Am I normal?” and are very self-conscious. Th e peer group is also very important at this stage, 
with the opinions of friends being just as important, if not more so, than those of parents. Th is is the stage during 
which adolescents begin to behave independently and require a greater degree of privacy. Risk-taking behavior 

Stage 1  No pubic hair. Genitalia are prepubertal in size.

Stage 2 Sparse growth of long, slightly
pigmented hair, at and lateral to base of penis.
Testes and scrotum begin to enlarge, with 
pigmentation and thinning of scrotum.

Stage 3 Pubic hair darkens, coarsens and curls,
at and lateral to base of penis. Penis lengthens 
and scrotum further enlarge.

Stage 4 Abundant, coarse, adult-type hair
limited to the pubic region with no extension
to the thighs. Further growth of testes and
scrotum, with increased pigmentation of scrotum, 
and increase in width and length of penis.

Stage 5 Adult-type and quantity of hair with
spread to the medial aspects of the thighs. Adult
size and shape of genitalia.

FIGURE 3-3. Tanner stages of male genital development and pubic hair growth. From Fleisher GR, Ludwig S (eds): 
Textbook of Pediatric Emergency Medicine, 3rd ed. Baltimore, Williams & Wilkins, 1993, p 1506.
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Menarche

Height spurt

Breast
(Tanner stage)

Pubic hair
(Tanner stage)

Age (years)

Age (years)

8 109 11 12 13 14 15 16 17

8 109 11 12 13 14 15 16 17

32

32

4 5

4 5

FIGURE 3-4. A summary of physical growth and development in girls, showing the sequence of pubertal 
events for average American girl. Adapted from Brookman RR, Rauh JL, Morrison JA, et al: Th e Princeton 
Maturation Study, 1976, unpublished data for adolescents in Cincinnati, Ohio.

FIGURE 3-5. Sequence of pubertal events for average American boy. A testicular volume of less than 4 mL, as de-
termined by an orchidometer (Prader beads), represents the prepubertal stage. Adapted from Brookman RR, Rauh 
JL, Morrison JA, et al: Th e Princeton Maturation Study, 1976, unpublished data for adolescents in Cincinnati, Ohio.

Testicular
volume (mL)

Height spurt

Genitalia size
(Tanner stage)

Pubic hair
(Tanner stage)

Age (years)

Age (years)

8 109 11 12 13 14 15 16 17

Age (years)

8 109 11 12 13 14 15 16 17

4-6

2

2 3 4

5

5

8-10 10-15 15-25

3 4
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is likely as young adolescents try to establish independence and ensure peer approval. Cognitively, early adoles-
cents still rely on concrete thinking and have diffi  culty conceptualizing the future well.

Middle adolescence is the stage of greatest turmoil. At this time, confl icts with parents are often most 
prevalent. During middle adolescence, teenagers may feel immortal and omnipotent, thus contributing to risk-
taking behavior. Dating and romantic relationships with the same or opposite sex and the onset of sexual activity 
often begin at this time. Th e peer group remains important. Middle adolescents have a greater sense of self and 
are less preoccupied with pubertal changes. During this stage, adolescents acquire the beginnings of abstract 
thinking and can make decisions based on formal operational thought. Middle adolescents are frequently able 
to view global issues intelligently and can relate to the feelings of others.

Late adolescence is marked by separation from parents with an appreciation of parental values but 
with the distinct emergence of personal values. Th ere is comfort with body image and the development of a 
full sense of self-identity. Cognitively, late adolescents have the ability to conceptualize and verbalize their 
thoughts fully, appreciate the ramifi cations of their actions, weigh alternatives in making decisions, and plan 
future vocational and educational goals. Issues of emancipation are very important and are the fi nal tasks of 
adolescence. Older adolescents must learn to live on their own and become emotionally and economically 
self-suffi  cient.

MORTALITY IN ADOLESCENTS
Th e leading causes of death in adolescence are all behavioral: motor vehicle crashes, unintentional injuries, ho-
micide, and suicide. Malignancy, the leading physical cause of death, fi nishes a distant fi fth to these behavioral 
issues. Many, if not most, violent deaths are intertwined with issues of personal and family dysfunction, and do 
not occur as isolated events.

MOTOR VEHICLE CRASHES, INJURY, AND HOMICIDE
Injuries, due to motor vehicle crashes or unintentional injuries, are the leading causes of death in adolescents. 
Nearly 60% of all adolescent deaths are due to unintentional injuries. Boys are more at risk for unintentional 
injuries than girls. Older adolescents are more likely to die from motor vehicle injuries, whereas younger ado-
lescents are at greatest risk for drowning and injurious death with weapons. Many of these injuries occur while 
teenagers are under the infl uence of alcohol. Th e combination of youthful drinking, learning to drive, risk-taking 
behaviors, and feelings of immortality all contribute to the exceedingly high rate of morbidity and mortality 
associated with automotive collisions.

Homicide is the second leading cause of death in adolescents in the inner city and the third leading cause 
in national reporting. It accounts for 11.3 deaths/100,000 teenagers, with the rate for African Americans fi ve 
times higher than it is for Caucasians. High rates of homicide relate directly to the accessibility of guns; 9% of 
boys and 1% of girls in high school say they carry a gun. Many more have access to guns on a regular basis. Half 
of homicide victims know their assailant, and the fatal event usually occurs during an argument.

Clinical Evaluation: History
Taking a comprehensive psychosocial history from adolescents entails assurance of confi dentiality in most cir-
cumstances. Exceptions involve circumstances in which the life of a particular adolescent or another person may 
be in danger or when involving reports of alleged physical, sexual, or emotional abuse by a parent or relative.

Pediatric Pearl: The HEEADSSS mnemonic (Home, Education/Employment, Eating/Exercise, 
Activities, Drugs/Alcohol/Cigarettes, Sexuality, Suicide/Depression, Safety (Sexual/Physical/
Emotional Abuse), Spirituality may be used to help remember the important aspects of the 
psychosocial history that must be discussed with adolescents.

Pe
Ac
Em

To evaluate adolescents for risk of death from injury, it is important to inquire about risk-taking behaviors 
and to take a history of previous accidents or injuries. Questions about drug and alcohol use, which may put 
them in jeopardy, are appropriate for all adolescents; inquiring about substance abuse and driving habits is nec-
essary in older adolescents. Use of prescription drugs has become more prevalent in adolescents and this issue 
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should be specifi cally addressed. Questions about seat belt use (i.e., personal and family use) and possession of 
weapons are also important. Th e clinician should inquire about access to weapons both inside and outside the 
home, and whether the teenager has ever witnessed a murder or a shooting, and whether he belongs to a gang. 
Again, the key is anticipatory guidance. By asking these questions, while assessing the degree of risk to a par-
ticular teenager, the examiner can educate the adolescent about the dangers of weapons and the real possibility 
of getting caught in the line of fi re.

Management
When working with adolescents who are at risk for injuries, it is important not to scold, lecture, or be judgmen-
tal. Th e physician should educate teenagers by providing anticipatory guidance about seat belt use and the risks 
of drinking and driving. Adolescents should realize the importance of assigning a designated driver whenever 
going out with friends and of providing for a safe ride home. Parents should discuss contingency plans if an 
adolescent is in a situation where the adolescent needs to be picked up by the parent. Establishing a code that 
the adolescent will use when calling a parent should be discussed. Emphasis of the importance of seat belt use 
in automobiles and helmet use when riding a bicycle, motorcycle, scooter, or minibike is critical. It is essential to 
encourage adolescents to steer clear of weapons and discuss alternatives for dealing with violence and confronta-
tion. Th e health care provider should also speak to the parents of adolescents about the hazards of weapons in 
the home and emphasize strategies for addressing drinking and driving.

SUICIDE
Suicide is another leading cause of death in adolescents. In the last 30 years, the rate of suicide among teenagers 
has increased dramatically. Among high school students, 19% of girls and 10% of boys have seriously considered 
suicide or made a suicide attempt. Girls are more likely to attempt suicide, but the outcome in boys is fi ve times 
more likely to be fatal. Girls are more likely to ingest medicines, and boys are more likely to use violent means 
such as weapons and hanging. Adolescents with preexisting psychiatric problems and those who abuse drugs 
and alcohol are more likely to attempt suicide. Young adolescents may not be able to conceptualize the conse-
quences of a suicide attempt and may not have other coping strategies for their problems.

Clinical Evaluation
History

When taking a history, the goal is identifi cation of the risk factors for suicide. Many adolescents who attempt 
suicide are depressed. Often, there is a confl ict with parents, friends, or a romantic interest. Educational or legal 
problems may be a cause. If any of these situations exist, the physician should explore them further. Questions 
about depressive symptoms such as loss of appetite, anhedonia, sleep disturbance (too much or too little), and 
feelings of hopelessness or helplessness are important. It may be appropriate to ask teenagers whether they have 
ever thought about hurting themselves, have a suicide plan, or have ever attempted suicide, especially if they 
required medical attention. When asking adolescents about peers, suicide attempts on the part of friends can 
be a topic of discussion. Questions about substance abuse, which decreases judgment, increases impulsivity, and 
aff ects mood, thus aggravating the risk of attempting suicide, are also necessary.

Family health history is very important. Mental illness or alcohol or substance abuse in the family should 
alert the clinician to the possibility of depression and suicidal ideation.

Physical Examination

Few signs on physical examination point to the risk of suicide. Weight changes may occur with depression. Th e 
physician should look for any scars, especially on the wrists, that may have been due to a previous suicide attempt 
or physical abuse. Description of the physical signs of various drug ingestions is discussed in Chapter 23.

Management
Prevention is the key to the management of suicide. Th e goal of prevention is identifi cation of those adolescents 
who are at risk for suicide (see History). If a particular adolescent is deemed to be at risk, other health care 
professionals should be consulted, such as a social worker experienced in working with teenagers and a child psy-
chiatrist or psychologist. Th e physician needs to involve family and all other signifi cant adults in counseling.
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Pediatric Pearl: All adolescents who have suicidal ideation must be evaluated immediately by 
a mental health professional, and any adolescent who attempts suicide must be hospitalized.
Pe
a m

Hospitalization not only provides a “cooling off ” period for teenagers, but also allows the physician to de-
termine the best course of treatment while the adolescents are in a safe environment where any further suicide 
attempt can be prevented. When adolescents are admitted to the hospital for attempted suicide, the physician 
must determine why it happened and decide, in conjunction with mental health professionals, the best course 
of treatment, whether outpatient counseling (individual, family) or inpatient psychiatric hospitalization. If a 
particular adolescent requires medication for major depression or psychosis, it will be initiated during the hos-
pitalization. It should be pointed out that adolescents who have survived a suicide attempt have the greatest risk 
for death from suicide.

CAUSES OF MORBIDITY IN ADOLESCENTS
Th e major causes of morbidity in adolescents are substance abuse and sexual activity. In addition, obesity and 
eating disorders such as anorexia nervosa and bulimia nervosa, which have their onset during adolescence, are a 
source of signifi cant psychologic and physical morbidity.

Adolescents experiment with drugs and develop sexual identity as part of their psychosocial and cognitive 
development. However, these behaviors put teenagers in jeopardy of accidents, injuries, violence, pregnancy, and 
acquiring sexually transmitted infections (STI), including HIV. Th e physician helps identify those teenagers 
involved with substance abuse and who are sexually active, which involves exploring why they are putting them-
selves at risk. Intervention should then occur to prevent the morbidity.

SUBSTANCE ABUSE
Th e majority of adolescents, who are well-adjusted, have experimented with cigarettes and alcohol, the most 
commonly used substances. Cigarette smoking, which often begins in middle school, is on the decline. Th is is 
attributed to intense public education about smoking and its adverse eff ects, the expense of smoking cigarettes, 
as well as disapproval of smoking with limitations on where one can smoke. In the most recent survey of high 
school students, over 44% have ever tried cigarettes and 20% smoke one or more cigarettes per day. White girls 
are the largest group to begin smoking and continue the practice.

Alcohol use is pervasive in adolescents and is the underlying cause of most mortalities related to motor 
vehicle crashes and unintended injuries. Surveys of high school seniors demonstrate that approximately 72% 
have tried alcohol and 39% had tried alcohol by the 8th grade. More than half of all high school seniors have 
been drunk at least once in their lives. Binge drinking is a large problem on college campuses.

Such surveys also indicate that about a third of high school seniors have tried marijuana. Many teenag-
ers use drugs only on an intermittent basis, and drug use interferes with peer and family relationships in only a 
small minority of adolescents. Younger teenagers do not have the ability to link current behavior to long-term 
consequences and are more concerned about peer acceptance. Because these adolescents are not cognitively 
mature, they may make errors in judgment even while merely experimenting. Situations in which intoxication is 
associated with particular risk include sexual activity, violent behavior, delinquent behavior, transient depression 
that may lead to a suicide attempt, and, certainly, driving automobiles.

Clinical and Laboratory Evaluation
History

Th e mainstay of determining whether adolescents are on a collision course with substance use is by obtaining 
a thorough history.

Pediatric Pearl: Clinicians who evaluate adolescents should interview teenagers and 
 parents separately.
Pe
 pa
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1Use of alcohol can only be detected in a clinical setting by a blood test. Th e breathalyzer test is only utilized in a law enforcement setting.

Th e goal of the physician is to gain the trust of both the adolescent and the parents and ensure the con-
fi dentiality of the teenager. Adolescents respect the physician’s knowledge and authority as long as this trusted 
adult is a good listener who can maintain confi dentiality.

Talking to children and parents about drug use should begin at yearly health care maintenance visits at about 
age 10 years; surveys of high school seniors reveal that 24% had tried alcohol before age 13. Questions about what 
types of drugs are used and settings of usage are appropriate. Th e physician should also try to assess the degree of 
intoxication to determine whether drug use has ever put the teenager at risk. It is important to ask about drug use 
in friends and parents because this may be the only way to determine the teenager’s risk of beginning drug use. In-
quire about whether the adolescent uses medications that are prescribed for others such as Ritalin and painkillers.

School progress serves as an important clue to the possibility of drug use. Attendance problems or any de-
cline in grades may suggest substance abuse as an etiology. Changes in family relationships (e.g., divorce, death) 
or disruption of the peer group (e.g., new neighborhood, breakup with a romantic interest) may lead to substance 
use. Questions about sexual activity or delinquent behavior are appropriate. Studies have shown the existence of 
a problem behavior syndrome (i.e., in many teenagers, risky behaviors are clustered).

As noted previously, it is important to screen for depression. Drug abuse may be a result of depression or 
a cause of it. Mood swings may also be due to drugs or an underlying psychologic problem that predisposes the 
adolescent to substance use.

When talking to parents, it is a good idea to ask about family relationships and if the teenager is stealing 
money, has sold possessions, has undesirable friends, or has had overt signs of drug use or intoxication. However, 
it is important to weigh the information ascertained from the parent against that obtained from the teenager. 
It is also important to inquire whether siblings or parents abuse illicit substances or are drinking alcohol to an 
excess as these factors infl uence the adolescent’s risk for substance abuse and alcohol abuse.

Physical Examination

Th e fi ndings on physical examination that indicate substance abuse are subtle and are most often only found in 
seriously addicted teenagers. In general, the physical examination is not of help in detecting previously unsus-
pected substance abuse. Th e clinician is most dependent on information gathered by history to suggest potential 
physiologic consequences of specifi c drugs.

Laboratory Evaluation

Either urine or blood may be screened for drug metabolites. Urine tests can identify cocaine, methadone, amphet-
amines, diazepam, opiates, and barbiturates. Blood tests or a breath alcohol test can detect only alcohol.1 It is relatively 
easy to detect illicit substances in body fl uids such as blood or urine, but drug testing in adolescents is controversial. At 
the center of this controversy is the belief that surreptitious testing is unethical and destroys the trusting physician–
adolescent relationship. Th e American Academy of Pediatrics (AAP) condones such drug testing only if the particular 
adolescent is mentally incompetent to make an informed decision or the life of the adolescent is in danger.

Management
Management of adolescents who use drugs must address not only the drug abuse itself, but also the reasons for 
the abuse. If an individual teenager is merely experimenting with alcohol or marijuana in a social setting and 
it is not interfering with school, family, peers, or cognitive growth, then anticipatory guidance is important. 
It is also imperative to point out that even experimentation may place adolescents in risky situations, and the 
physician should help teenagers modify behavior so they avoid intoxication and they either do not drink while 
driving or they use a designated driver. In younger teenagers, the clinician should stress postponement of drug 
experimentation.

If it is determined that a teenager has a serious drug abuse problem—he is displaying signs of physical or 
psychologic dependence or drug use is interfering with normal adolescent development—initiation of treatment 
is essential. Th e primary care physician may off er this treatment alone or in consultation with a mental health 
professional with drug abuse expertise. Alternatively, referral to an ambulatory drug treatment program may be 
appropriate. Family therapy may be necessary, and peer support such as Alcoholics Anonymous is sometimes 
of help. However, if a teenager requires medically supervised treatment for an abstinence syndrome, has a less-
than-optimal family environment, has an underlying psychiatric illness, or has not responded to outpatient 
therapy, then inpatient therapy or residential treatment is indicated.
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Th ere are two types of residential treatment: (1) an adolescent drug treatment unit in a hospital, and (2) 
a nonmedical therapeutic community. Selection among these alternatives is usually best left to a clinician with 
special expertise in drug abuse. Th e AAP has developed guidelines for assisting in the determination of the most 
appropriate treatment modality for a particular patient.

SEXUAL ACTIVITY
Close to 50% of high school students have been sexually active; 50% of all male students and 46% of all female 
students are sexually active. Th e health risks of early sexual activity are unwanted pregnancy and STIs such as 
syphilis, gonorrhea, chlamydia, and HIV. In the last 20 years, morbidities associated with sexual activity have 
increased in adolescents. Approximately 750,000 adolescent girls become pregnant each year, 25% of all sexu-
ally active teenagers acquire an STI, and over 2,000 test positive for HIV (http://www.avert.org/usa-race-age.
htm). Many HIV-positive youth do not know their status because they have not been tested. Th e physician must 
identify those adolescents at risk for the consequences of early sexual activity and, if the adolescent is sexually 
active, provide options for eff ective contraception.

Clinical and Laboratory Evaluation
History

Beginning as early as 8 years of age, the physician should inquire in a developmentally appropriate fashion about 
sexuality and discuss the impending body changes of puberty with children and parents. Not only does this es-
tablish a trusting, open relationship between physicians and children, but it also encourages the parents to talk 
to their children about sex. As children reach adolescence, the physician should ask whether they are attracted 
to the opposite or the same sex, how this attraction is expressed, whether they are sexually active, and what types 
of sexual expression they have experienced. It is also important to ask whether their peers are having sex because 
this is a predictor of teenagers’ behavior.

Pediatric Pearl: Young adolescents who abuse drugs, have a criminal record, or are having 
 problems in school are more likely to become sexually active.
Pe
pr

More detailed questions should follow (Table 3-1). It is also important to ask whether they have ever expe-
rienced physical or sexual abuse because this may predispose teenagers to early sexual activity and promiscuity.

Physical Examination

Sexually active adolescents require a more involved physical examination than non–sexually active teenagers. For all 
boys, a thorough testicular examination looking for lesions varicocele, hernia, hydrocele, and masses is imperative. 
Tanner staging should be performed for pubic hair and genitalia. Penile lesions or discharge and inguinal adenopa-
thy, if present, must be noted, especially in sexually active boys. Although it is not recommended by Bright Futures, 
many physicians choose to provide instructions concerning testicular self-examination. For girls, an external genital 
examination to determine normal anatomy, Tanner staging, looking for lesions on the vaginal mucosa or for vaginal 
discharge should be performed. If a girl is sexually active and complains of a vaginal discharge or unexplained vagi-
nal bleeding, a complete pelvic examination, including a speculum examination to visualize the cervix for lesions, 
discharge, and friability, is necessary. A Papanicolaou smear is generally not indicated until a girl is 21 years of age 
but may be indicated in a sexually active adolescent girl who is immunocompromised. A bimanual examination 
allows for assessment of uterine size, if pregnancy is suspected, as well as the cervical motion tenderness associated 
with salpingitis. It is also important to note the presence of adnexal masses or tenderness. An abdominal examina-
tion reveals a gravid uterus if the pregnancy is over 4 months.

Laboratory Evaluation

All sexually active adolescents require yearly urine testing for chlamydia and gonorrhea as well as serum screen-
ing for syphilis and HIV. In girls with a vaginal discharge, a wet prep (mixture of the discharge with normal sa-
line or potassium hydroxide viewed under a microscope) may help distinguish yeast vaginitis, bacterial vaginosis, 
trichomoniasis, and cervicitis (Table 3-2). In teenagers with multiple partners, all STI screenings should occur 
more frequently—certainly if the adolescent is symptomatic.
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 TABLE 3-1

What to Ask Adolescents Regarding Sexual Activity
Ask adolescents whether they fi nd themselves attracted to boys, girls, or both.
• Ask adolescents how old they were when they had voluntary sex, including vaginal, oral, and anal sex.

If have been sexually active:
• Ask about the number of current and lifetime partners. Ask which gender.
• Ask what they are doing to prevent STIs and pregnancy (i.e., if any form of contraception is used).
• Ask girls about the presence of any unusual vaginal discharge, and ask boys about any dysuria or 

penile discharge.
• Inquire about any lesions in the pubic area.
• Ask whether there has been any previous STIs or pregnancy.

Always ask adolescent girls whether they menstruate. If so:
• Ask at what age they began to menstruate and about the date of their last menses.
• Ask whether the interval between it and the previous menses and the duration were usual.
• Ask her whether she has painful menses. If so, ask if that has prevented her from going to school or 

work. Ask what medicines she uses for the pain.

STI, sexually transmitted infection.

 TABLE 3-2

Findings on Wet Prep

Infection Appearance

Monilia (yeast) vaginitis Hyphae, buds (revealed best by adding KOH)

Bacterial vaginosis Clue cells (epithelial cells with cytoplasmic studding)

Trichomoniasis Trichomonads

Cervicitis Multiple white blood cells

KOH, potassium hydroxide.

If vaginal or penile lesions are suggestive of herpes infection, a culture of the lesion is necessary. If preg-
nancy is suspected, measurement of β-human chorionic gonadotropin (β-HCG) level is important. Serum 
β-HCG may be positive even before the occurrence of a missed menstrual period. If not previously immunized, 
all adolescents should receive immunizations to protect against hepatitis B and human papilloma virus. Hepa-
titis A immunization should be strongly considered for boys who have sex with boys.

Management
Sexually Transmitted Infections

Most STIs respond to drug therapy (Table 3-3). Making the diagnosis of an STI should be the springboard to 
talking to the teenager about the risks and consequences of unprotected sex and the need to use condoms for 
prevention of STIs as well as pregnancy.

Pediatric Pearl: Adolescents who are diagnosed with STIs are legally entitled to confi den-
tial care in all 50 states.
Pe
tia

Concurrent treatment of the sexual partner is mandatory. Girls who are diagnosed with acute salpingitis 
should be admitted to the hospital for intravenous antibiotics if there is (1) the risk of noncompliance with 
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 TABLE 3-3

Treatment of Sexually Transmitted Infections

Infection Treatment

Gonorrhea, cervicitis, urethritis Ceftriaxone 250 mg IM single dose or

Cefi xime 400 mg PO single dose or

Ciprofl oxacin 500 mg PO single dose or

Ofl oxacin 400 mg PO single dose (check to see whether 
there is quinolone-resistant gonorrhea in your state, 
particularly in California or Hawaii)

Chlamydia trachomatis, cervicitis, 
urethritis

Azithromycin 1 g PO single dose or

Doxycycline 100 mg PO bid � 7 days or

Erythromycin 500 mg qid � 7 days (if pregnant)

Trichomoniasis Metronidazole 2 g PO single dose
Tinidazole 2 g PO single dose

Bacterial vaginosis Metronidazole 500 mg PO � 7 days or

Metronidazole gel 0.75%, 1 applicator intravaginally bid � 5 days or

Clindamycin cream 2%, 1 applicator intravaginally qhs � 7 days

Vulvovaginal candidiasis Topical clotrimazole, miconazole, terconazole, or nystatin 
at varying doses

Chancroid Azithromycin 1 g PO single dose or

Ceftriaxone 250 mg IM single dose
Ciprofl oxacin 500 mg PO bid � 3 days or

Erythromycin 500 mg PO qid � 7 days

Lymphogranuloma venereum Doxycycline 100 mg PO bid � 21 days or

Erythromycin base 500 mg PO qid � 21 days (if pregnant)

Syphilis

Early (primary, secondary, <1 year 
duration)

Penicillin G benzathine 2.4 million unit IM single dose or

Doxycycline 100 mg bid � 2 weeks

Late (>1 year duration) Penicillin G benzathine 2.4 million unit IM weekly � 3 or

Doxycycline 100 mg PO bid � 4 weeks

Neurosyphilis Aqueous liquid penicillin G 3–4 million unit IV q4hr 
� 10–14 days

Epididymitis Ceftriaxone 250 mg IM � single dose plus

Azithromycin 1 g PO � single dose or

Doxycycline 100 mg PO � 10 days

Pelvic infl ammatory disease As inpatient:
Cefoxitin 2 g IV q6hr plus

Doxycycline 100 mg PO bid � 14 days or

Erythromycin 500 mg PO qid � 14 days

As outpatient:
Metronidazole 500 mg � 14 days or

Ceftriaxone 250 mg IM � 1 plus

Doxycycline 100 mg PO � 14 days with or without

Metronidazole 500 mg � 14 days
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medications, (2) the patient is toxic or cannot tolerate oral medication, (3) the presence of a tubo-ovarian abscess 
or perihepatitis (Fitz–Hugh–Curtis), (4) the girl is pregnant, or (5) a failure of outpatient treatment.

Pregnancy

After a decline in adolescent pregnancy rates in the early part of the 21st century, rates began to go up again 
in 2006 and 2007. However, data for 2008 and 2009 show the decline resuming. Two-thirds of pregnancies are 
unintentional. One-half of girls continue the pregnancy to term, slightly fewer elect termination, and the rest 
experience miscarriages or stillbirths. Adolescent pregnancy is associated with a greater risk of complications, 
including low birth weight and maternal health and nutritional problems. Th e consequences of adolescent par-
enthood are unstable family formation and decreased chances of completing education. Th erefore, all adolescents 
who are sexually active should be off ered information on pregnancy prevention. Table 3-4 describes methods of 
contraception currently available in the United States. Moreover, adolescents should be made aware of emergency 
contraception that can be obtained without a prescription for those 17 years or older. Emergency contraception, 
in the form of a levonorgestrel pill, should be taken immediately after unprotected sexual intercourse but may be 
used 72 hours after. Some studies have shown effi  cacy of pregnancy prevention up to 5 days after the event.

Th e clinician should discuss the options available to pregnant girls in a developmentally appropriate way, usu-
ally with the assistance of a social worker or options counselor. If teenagers decide to continue the pregnancy, then 
early initiation of prenatal care, preferably in a teen pregnancy program, is mandatory. After the delivery, or if the 
pregnancy is terminated, a currently available contraceptive method must be initiated to prevent future pregnancies 
(Table 3-4). Girls who are sexually active may benefi t from the oral contraceptive pill or injectable progestins, which 
are eff ective in preventing pregnancy. However, only barrier methods such as condoms prevent STIs, so concurrent 
condom use is usually recommended. Consideration of hormonal contraceptive options is appropriate when coun-
seling teenagers (Table 3-5). Clinicians may prescribe contraception confi dentially in most jurisdictions.

OBESITY
Obesity rarely contributes to mortality in adolescents, but it is a signifi cant underlying cause of mortality in 
adults and creates medical morbidities in the adolescent age group. In adolescents, obesity, defi ned by a body 
mass index (BMI) greater than the 95th percentile for age and gender, is associated with dyslipidemia, hyperten-
sion, impaired glucose tolerance, type 2 diabetes mellitus, obstructive sleep apnea, polycystic ovary syndrome, 

 TABLE 3-3

Treatment of Sexually Transmitted Infections (Continued)
Infection Treatment

Herpes simplex

First episode Acyclovir 200 mg PO 5�/day � 7–10 days or

Acyclovir 400 mg PO tid � 7–10 days or

Famciclovir 250 mg PO tid � 7–10 days or

Valacyclovir 500 mg PO bid � 7–10 days

Prophylaxis Acyclovir 400 mg bid or

Famciclovir 250 mg bid or

Valacyclovir 500 mg or 1 g qd

Recurrent episode Acyclovir 400 mg tid � 5 days or 800 mg bid � 5 days or 
800 mg tid � 3 days or

Famciclovir 125 mg bid � 5 days or 1,000 mg bid � 1 day

Adapted from: http://www.cdc.gov/std/treatment/.

bid, two times per day; IM, intramuscularly; IV, intravenously; PO, orally; qd, every day; qhs, at night; 

qid, four times per day; q6hr, every 6 hours; tid, three times per day.
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nonalcoholic fatty liver disease, gall stones, orthopedic problems such as slipped capital femoral epiphysis and 
Blount disease, as well as future risk of adult cardiovascular disease. Overweight is defi ned as a BMI between the 
85th and 95th percentile. Th e incidence of obesity in children and adolescents in the United States has increased 
dramatically over the past two decades, concomitantly with the incidence of type 2 diabetes. It is now considered 
an epidemic with close to one-fi fth of American children and adolescents obese. One-third of all adolescents 
12 to 19 years of age are considered overweight. Th e incidence is higher in certain ethnic groups such as non-
Hispanic African American girls and Mexican American boys and girls.

Clinical and Laboratory Evaluation
History

At every annual health care maintenance visit, adolescents should be evaluated for obesity. Always inquire about 
diet and exercise. Assess for family history of hypertension, diabetes, obesity, stroke, and hyperlipidemia. Sleep 
habits are important to ascertain. For adolescent girls ask about menstrual history and regularity of menses. On 
review of systems, headache may be due to pseudotumor cerebri and joint pain may be due to Blount disease. 
On HEEADDSSS assessment inquire about symptoms of depression and poor body image, which are common 
in obese adolescents.

Physical Examination

Height and weight should be measured, and BMI (weight in kilograms/height in meters2) should be calculated 
and plotted on the BMI chart (http://www.cdc.gov/growthcharts/clinical_charts.htm) to determine whether a 
patient falls within the ranges for overweight or obese as previously defi ned. Blood pressure should be measured 
yearly for evidence of hypertension. Look behind the neck, axillary folds, intertriginal areas, and any skin fold 
areas for acanthosis nigricans, a sign of insulin resistance. Xanthomas may occur around the eyes due to dyslipi-
demia. Acne and hirsutism may be concomitant with polycystic ovary syndrome in adolescent girls. Abdominal 
striae may be present in obesity or Cushing disease. Abdominal pain on palpation may be due to gall bladder 
stones. An enlarged liver may be due to nonalcoholic fatty liver disease.

 TABLE 3-4

Effectiveness of Contraceptive Options for Adolescentsa

Method Typical Failure Rate (%)

Condoms 15

Diaphragm 16

No contraception 85

Spermicide 29

Withdrawal 27

Combined pill, patch, ring 8

Injectable progestogen (DMPA) 3

Implants (levonorgestrel)    0.05

Levonorgestrel intrauterine system 0.2

Emergency contraception initiated within 72 hours Reduces risk of pregnancy by 75%

aAdapted from Trussell J: Contraceptive effi  cacy. In Contraceptive Technology, 19th revised ed. Edited by Hatcher RA, 

Trussell J, et al. New York: Ardent Media, 2007.

DMPA, depot medroxyprogesterone acetate.
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Laboratory Examination

Laboratory evaluation should include complete blood count as many obese adolescents are anemic. Serum electro-
lytes and liver function tests should be performed as well as fasting lipids and oral glucose tolerance test. Assess-
ment for hyperlipidemia and type 2 diabetes should be done once a year. Referral to a nutritionist may be warranted 
to jump-start a patient’s weight loss and to give the patient and family intensive guidance. Urineanalyis should be 
performed with spot protein. On initial evaluation, thyroid function tests are done to exclude hypothyroidism. Th e 
rest of the laboratory examination is guided by a history and physical examination to rule out comorbid condi-
tions that might be present such as polycystic ovary syndrome, Cushing disease, cardiac disease, and orthopedic 
disease.

Management

Th ere are simple things that patients can be encouraged to do, whether they are normal weight, overweight, 
or obese. Th e American Heart Association has dietary strategies that include eating breakfast, eliminating 
sugar-sweetened foods and beverages, as well as drinking whole milk in favor of skim or low-fat dairy prod-
ucts, reducing salt intake and eating more fi sh, whole grain foods, legumes, lean cuts of beef, as well as poultry 
without skin. Adolescents should be encouraged to perform 60 minutes of moderately intense physical exercise 
daily. Th e multifaceted management of obesity is beyond the scope of this text. Referral to a nutritionist may 
jump-start the patient and help the family work with the patient to develop a healthy weight loss diet plan. 
Multidisciplinary adolescent obesity programs with structured groups may also be helpful in the management 
of obese teens. Medical treatment for obesity should only be done when all other interventions fail. Two agents 
have been FDA approved for adolescents: Orlistat may be prescribed to patients over age 12, and sibutramine 
may be prescribed for adolescents older than 16 for use up to 2 years. Bariatric surgery has been done in teens 
who have failed medical intervention, have comorbidities, and are well beyond the end of puberty.

EATING DISORDERS
Eating disorders are another cause of morbidity and, sometimes, mortality in adolescents. Anorexia nervosa, 
which occurs in 0.5% of adolescent girls, is distinct from bulimia nervosa, which occurs in 1% to 3% of this 
population. Eating disorder not otherwise specifi ed (ED-NOS) is a diagnosis used when the adolescent does 
not meet the criteria for a specifi c eating disorder; for example, if a patient meets the criteria for anorexia nervosa 
but has regular menses, or weight is in normal range despite large weight loss. A patient may meet the criteria 
for bulimia nervosa but binge eating/compensatory purging occurs less than twice a week for less than 3 months. 
Patients with ED-NOS might repeatedly chew and spit out food, not swallow it. Moreover, binge eating disor-
der is diagnosed in an adolescent who has recurrent episodes of binge eating but does not use laxatives, diuretics, 
enemas, or exercise to compensate. Each illness stems from an abnormal body image. Th e Diagnostic and Statis-

tical Manual of Mental Disorders, 4th ed., text revision (DSM-IV-TR) defi nes the criteria for diagnosis of these 
eating disorders. See Table 3-6 for the defi nitions of anorexia nervosa and bulimia nervosa.

Pathophysiology
Anorexia nervosa and bulimia nervosa aff ect almost every organ system. Vomiting, at times induced by ipecac, 
laxative abuse, or limited intake to lose weight, causes abnormalities of fl uids and electrolytes. Th ese electrolyte 
imbalances, which may be life-threatening, may be the fi rst presentation of an eating disorder. Hyponatremia 
may be secondary to water intoxication in teenagers attempting to escape detection through rapid weight gain. 
Hypokalemia with a hypochloremic metabolic alkalosis occurs with vomiting. Th e hypokalemia develops with 
chloride and water depletion, leading to secondary hyperaldosteronism, and increases potassium excretion with 
sodium retention. Calcium, zinc, and magnesium defi ciencies also occur. Starvation causes ketonuria and lower 
blood urea nitrogen than expected, resulting from decreased muscle mass.

Cardiovascular symptoms are usually precipitated by electrolyte disorders. Prolonged QT interval on elec-
trocardiography (ECG), which results from hypokalemia, can cause sudden death. Hypotension and bradycar-
dia occur as a result of decreased blood volume. In addition, ipecac may cause a cardiomyopathy.

Amenorrhea may result from a disturbed hypothalamic pituitary axis, presumably secondary to malnu-
trition. Hypoestrogenism and hypercortisolism in anorexia nervosa decrease bone mineral density, leading to 
osteoporosis.

Iron defi ciency may develop in anorexia nervosa as a result of malnutrition. However, most female pa-
tients with anorexia nervosa are not anemic due to the fact they do not menstruate. Frequent vomiting may 
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cause refl ux esophagitis, Mallory–Weiss tears of the esophagus, parotid gland enlargement, and tooth decay 
from enamel erosion. Constipation resulting from decreased intestinal motility is a hallmark of anorexia ner-
vosa. Th is may also cause abdominal cramps and lead to increased laxative use.

Clinical and Laboratory Evaluation
History

When interviewing all adolescents, the physician should inquire about daily diet and exercise routines. Teenag-
ers should also describe their body image as well as mood because many individuals with eating disorders have 
depressive symptoms. Menstrual patterns should be a topic of inquiry in girls.

With any suspected eating disorder, careful inquiry into weight patterns over the past few months, exercise, and 
typical daily diet is essential. Th e clinician should ask girls if they feel happy with their bodies. Do they think that they 
are too thin or too fat? Th e weight of family members is also a topic for inquiry. It is also important to know whether 
boys and girls make themselves vomit or use ipecac or laxatives. Knowledge of family psychiatric history is appropriate 
because many teenagers with eating disorders experience depression and aff ective or obsessive-compulsive disorders.

Physical Examination

Height and weight measurements are of paramount importance as part of the physical examination. A BMI less 
than the 5th percentile for age is a sign of anorexia nervosa. A patient with anorexia nervosa who has lost greater 

 TABLE 3-6

Criteria for Diagnosis of Anorexia Nervosa, Bulimia Nervosa, and Eating 
Disorder Not Otherwise Specifi ed (From DSM-IV-TR)

Anorexia Nervosa

• Refusal to maintain body weight at or above a minimally normal weight for age and height (weight 
loss leading to maintenance of body weight <85% of expected or failure to make expected weight gain 
during period of growth, leading to body weight <85% of expected)

• Intense fear of gaining weight or becoming fat, even though underweight
• Disturbance in body weight/shape experienced, undue infl uence of body weight/shape on self-

 evaluation, or denial of seriousness of current low body weight
• Th ree consecutive cycles of amenorrhea in postmenarchal girls

Restricting type: No regular binge eating or purging behavior. Weight loss only through fasting, excessive 
dieting, or excessive exercise.

Binge eating or purging type: Regular binge eating or purging behavior

Bulimia Nervosa

• Recurrent episodes of binge eating is indicated. Binge eating characterized by both eating during a 
period an amount of food that is larger than most people would eat under similar circumstances and 
a lack of control over eating during the episode—a feeling that one cannot stop eating or control how 
much or what eating.

• Recurrent, inappropriate compensatory behavior to prevent weight gain is indicated such as self-induced 
vomiting; misuse of laxatives, diuretics, enemas, or other medications; fasting; or excessive exercise.

• Triggers include stress, traumatic events, and self-evaluation of body shape/weight.
• Symptoms may occur after every meal on a daily basis or once every few months.
• Th ere is no occurrence during episodes of anorexia nervosa.

Purging type: Self-induced vomiting (gag or using emetics) or misuse of laxatives, diuretics, or enemas

Nonpurging type: Use of other inappropriate compensatory behaviors after binge such as fasting or 
excessive exercise but not laxatives, self-induced vomiting, diuretics, or enemas

From American Psychiatric Association: Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition. 

 Washington, DC, American Psychiatric Association, 1994. 
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than 15% of ideal body weight appears sick, but a patient with bulimia may look well nourished. Malnutrition 
causes lanugo; brittle hair and nails; dry, cold skin; loss of subcutaneous fat; and pedal or pretibial edema. Bra-
dycardia, hypothermia, and hypotension may be evident.

Laboratory Evaluation

Th e purpose of laboratory tests is to determine whether a particular teenager with an eating disorder needs 
emergent medical attention. Usually, the history and physical examination allows for the diagnosis of an eating 
disorder. Blood tests include serum electrolytes, hemoglobin, hematocrit, and white blood cell count. Urinalysis 
is also necessary. Th e clinician should order an ECG to detect arrhythmias. Th yroid function tests are important 
if symptoms of hypothyroidism (e.g., bradycardia, thinning hair, cold intolerance) are present. Measurements of 
follicle-stimulating hormone and luteinizing hormone are usually suppressed, causing amenorrhea. If an ado-
lescent girl has not gotten her menses for more than a year, a dual-energy X-ray absorptiometry scan should be 
performed to determine bone mineral density and whether osteopenia or osteoporosis is present.

Differential Diagnosis

Pediatric Pearl: Before making the diagnosis of an eating disorder, it is important to 
 evaluate weight loss to exclude a systemic condition.
Pe
ev

Weight loss or vomiting may not result from anorexia or bulimia. It may result from malignancy, malabsorption, 
infl ammatory bowel disease, tuberculosis, cystic fi brosis, diabetes mellitus, and hyperthyroidism. Vomiting may 
be due to gastrointestinal (GI) obstruction, gastroenteritis, or increased intracranial pressure from a brain tumor, 
migraine headaches, or an aneurysm. Findings of weight loss or excessive vomiting together with an abnormal 
body image lead to the diagnosis of either anorexia nervosa or bulimia.

Th e female athletic triad includes disordered eating, amenorrhea, and osteoporosis. Always inquire about 
the level of physical activity and sports participation when an adolescent girl presents with amenorrhea as that 
might reveal behaviors such as disordered eating, which may lead to amenorrhea and osteoporosis.

Management
Th e management of adolescents with eating disorders is most frequently accomplished on an outpatient basis 
unless there are severe metabolic or cardiac disturbances, dehydration, or the necessity for inpatient psychiatric 
care. Treatment for eating disorders is multidisciplinary, with a team consisting of a pediatrician, mental health 
professional, and nutritionist. Th e goals of hospitalization are correction of physiologic abnormalities, weight 
gain, and initiation of psychologic evaluation.

Weight gain may occur on an outpatient basis, by having the adolescent eat food or nutritional supple-
ments. If weight gain through oral feeding is not possible, then trials of inpatient nasogastric or intravenous nu-
trition must proceed. Weight goals should be established within a certain time frame. Ongoing psychotherapy 
and, sometimes, family therapy are necessary.

SPORTS MEDICINE
Physical activity during adolescence benefi ts the musculoskeletal and cardiovascular systems, and participation 
in team sports fosters psychosocial development. Improvements in strength, fl exibility, endurance, bone min-
eral density, perceptual motor skills such as eye–hand coordination, and cardiopulmonary function result from 
regular physical activity. In addition to fi tness, organized sports encourage good health behaviors and social and 
team skills. Participation in sports may produce lifetime benefi ts in terms of disease prevention and quality of 
life. Team sports, general physical activity, and parental encouragement in sport participation are the primary 
factors that contribute to an athletic self-concept that is refl ected in a positive sense of appearance, competence, 
and importance.

Th ere is an increasing focus on the impact that sports play has on adolescent health, both positive and 
negative. Although the number of publications addressing adolescent sports medicine has burgeoned, general-
ization and application of published results remain controversial given the extremely large number of variables 
inherent in such studies.
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EXTENT OF SPORTS PARTICIPATION AND SPORTS-RELATED INJURIES
In the United States, sports participation and sports-related injuries are common in adolescents, and their 
incidence, estimated for many team and individual sports, is increasing. More than 30 million adolescents are 
enrolled in formal sports programs, and more than 30% of teenagers participate in competitive team sports 
(more than 15 million teenagers participate in organized play each year).

More than 3 million sports-related injuries occur each year in adolescents and about half of these require 
medical attention and temporarily restrict play.

Pediatric Pearl: Sports play is the most common cause of adolescent injury and the second 
most common cause of emergency room visits.
Pe
mo

Sports-related injuries are second only to motor vehicle injuries as the cause of adolescent emergency 
department visits nationwide. Team-related sports (particularly football, basketball, baseball, soccer, volleyball, 
fi eld hockey, hockey, and gymnastics) account for the greatest number of and the most serious injuries. Demo-
graphic statistics are now accumulating that also address injury rates due to participation in nonteam sports. 
Th ere is now ample medical literature about in-line skating, trampoline use, weight lifting, surfi ng, martial arts, 
motor cross racing, snowboarding, skiing, running, hiking, weight training, golf, and equestrian sports (includ-
ing high school rodeo) as related to adolescent sports injury. Musculoskeletal and neurologic injuries are best 
understood, but psychiatry and psychology as applied to adolescent athletes are now in an incipient stage. Other 
injuries that are common among teenagers but are less often addressed include eye and dental injuries. Injury 
rates vary widely by sport and reports stratify rates by type of sport, type and location of injury, hours of play, 
age, gender, and rate of recurrence.

Th ere are also a few pathologic conditions that are unrelated to activity, or are nonspecifi c but characteristic 
of the athlete. Th e triad of amenorrhea, eating disorder, and osteoporosis is well described in competitive female 
athletes. Postexertional breast tenderness aff ects about three-fourths of female athletes independent of breast 
contact.

APPROACH TO ADOLESCENT ATHLETES WITH SPORTS-RELATED INJURIES
Sports-specifi c physical demands and technique and the adolescent sports “culture” all contribute to athletic 
performance and injury. Many intrinsic factors determine an athlete’s susceptibility to injury. Extrinsic factors 
are also important to consider (Table 3-7).

A sense of invulnerability and risk-taking behavior can encourage athletes to attempt to exceed their abili-
ties or previous performances. Th eir identity and self-esteem may be connected to physical fi tness or a specifi c 

 TABLE 3-7

Risk Factors for Injury During Sports Play

Intrinsic Risk Factors Extrinsic Risk Factors

Physiologic immaturity (close-packed viscera, reduced 
anaerobic capability, open epiphyses)

Limited strength/stability

Limited range of motion/fl exibility

Poor endurance

Poor technique

Sense of invulnerability

Win-at-all-cost mentality

Obesity

Required frequency and intensity of 
play

Playing surface (bad friction, terrain)

Poor equipment (fi t, condition, 
support)

Excessive contact force

Team sports

Ambient considerations (extremes 
of temperature, humidity, altitude)

Low socioeconomic status
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sport or team. Th is can foster actions such as the use of anabolic steroids and related substances, which may 
lead to injury. Th e use of ergogenic aids, including dietary supplements and steroids, is common among high 
school and college athletes. An estimated 6% to 10% of male high school seniors use, or have used, anabolic or 
androgenic steroids beginning at 16 years of age or younger. Use of creatine and anabolic or androgenic steroids 
is frequent in adolescents, despite the lack of proper guidelines.

Injury prevention is the fi rst line of treatment (Table 3-8). Young athletes should avoid high-intensity 
training and sports specialization. Th is is contrary to the position taken by many serious athletes who exhibit a 
“win-at-all-costs” mentality resulting in intensive year-round practice of one sport. Cross-training is a valuable 
strategy to vary physical activity and avoid injury.

In September 2000, the Committee on Sports Medicine and Fitness of the AAP summarized one of the 
most signifi cant behaviors that contributes to sports-related pathology. (Young athletes who specialize in just 
one sport may be denied the benefi ts of varied activity while facing additional physical, physiologic, and psycho-
logic demands from intense training and competition.)

Pathophysiology
Several physiologic factors confer adolescent vulnerability to injury. Growing athletes have less fat and connec-
tive tissue, and, as a consequence, a lower shock absorption capacity than adults. As a result, the bone and viscera 
of adolescents receive a greater amount of force per unit area than in adults.

Pediatric Pearl: Injuries that affect the epiphyseal plate occur in adolescents as well as 
children. Young adolescent athletes are most susceptible to visceral and osseous injury, and 
older athletes have a greater vulnerability to soft tissue damage.

Pe
ch
old

Th e viscera of physically immature athletes are more closely packed, and the frequency of multiple organ 
injuries during sports play is inversely related to the athlete’s age.

Adolescent athletes have a lower anaerobic capability than adults. To meet physical demands, teenag-
ers have a relatively greater oxygen consumption, higher heart and respiratory rates, and decreased cardiac 
stroke volume. Th is increases the metabolic cost for endurance activities and reduces the injury threshold in 
teenagers.

Clinical and Laboratory Evaluation: Preparticipation Screening
The preparticipation screening is a comprehensive medical and athletic history and physical examination 
that identifies risk factors related to the specific physical demands of intended play. Table 3-9 describes 
the key elements of the preparticipation physical. Screening can identify disqualifying medical condi-
tions, diagnose previously undetected disease, and suggest interventions that will allow successful sports 
participation. Screening for factors associated with a high rate of injury may help avoid serious morbidity. 
The specifics, performance, and value of the preparticipation physical examination vary widely. Report-
edly, it disqualifies the athlete or requires modification of the sport in 3.4% of junior high school athletes, 
15.4% of high school athletes, and 33.9% of college-age athletes, with an overall disqualification rate of 
about 1.7%.

 TABLE 3-8

Strategies to Prevent Sports Injury
Adequate warm-up, cool-down (including stretching)

Cross-training

Proper equipment, proper fi t

Adequate preparticipation screening

Education (adolescent, others involved)
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History

Key elements of the medical history include details regarding prior injury and treatment, general medical 
status, and the athlete’s past performance. Training schedules, frequency of competition, and the number of 
years of play are noteworthy. Th e history can help the physician obtain a sense of the athlete’s level of com-
petitiveness and identify external pressures (from peers, coaches, or family) to which the athlete is subjected. 
It is important to note any sports-related goals such as securing a college athletic scholarship or playing in a 
professional league.

Questions about previous loss of consciousness or changes in memory, behavior, and personality are ap-
propriate. Any prior surgery, allergies, exercise-induced asthma, medications, family history of sudden cardiac 
death, menstrual history, and lifestyle assessment (e.g., nutrition, substance abuse, performance anxiety) should 
be part of the athlete’s medical record (Table 3-10).

Ambient factors such as temperature, humidity, or altitude as well as the specifi c challenges of athletic play, 
equipment, or the playing fi eld that can present a hazard to the athlete should also be identifi ed at this visit.

Physical Examination

Th e physical examination should begin with an assessment of posture. Check symmetry at rest and during 
movement (static and dynamic symmetry). Abnormalities in posture, alignment, limb girth, or trunk con-
tour help provide a focus for the examination. Th e examination addresses strength, range of motion (ROM), 
and quality of motion. ROM should be full and smooth and proceed at a normal rate. Examine the neck, 
trunk, and joints of upper and lower extremities for ROM and strength. Look for swelling, tenderness, 
crepitus, or deformity. Whenever practical, direct observation of the athlete performing specifi c sport tasks 
can be very helpful.

Obtain the adolescent’s height and weight. An overweight or obese adolescent is at twice the risk of injury 
(and at three times the risk for ankle injury) than their normal-weight peer. Perform an abdominal examination 
and check for organomegaly; this may help identify the risk for heat exhaustion or visceral injury during contact 
sports. Th e blood pressure and pulse rate, along with cardiac auscultation for murmurs or arrhythmia, generally suf-
fi ce for cardiac screening. Further cardiovascular screening, such as exercise stress testing, remains controversial.

Laboratory Evaluation

If anemia is suspected in the female athlete on the basis of history (e.g., menorrhagia) or examination (e.g., pale 
conjunctiva or mucosa, delayed capillary refi ll), check the hemoglobin/hematocrit. No other laboratory studies 
are generally necessary. In special circumstances an athlete may be screened for doping (autologous transfusion to 
increase hemoglobin or hematocrit), steroid, or other drug use.

Imaging—generally plain fi lms or magnetic resonance imaging (MRI)—is useful if there is a particular 
need to further assess bone or soft tissue, although most diagnoses can be made on a clinical basis.

Management
A knowledge of the demands of a particular sport allows the health care practitioner to work with athletes and 
coaches to develop strategies that minimize injury risk and, ideally, optimize performance. Th e generic man-
agement of adolescent sports injuries may be viewed as a three-staged intervention. Th e earliest eff ort seeks to 

 TABLE 3-9

Key Elements of Preparticipation Screening

History Physical Examination

Medical history
History of prior injury
Details of training and play
Identifi cation of risk factors

Height, weight, and vital signs
Limbs and trunk:
 Posture
 Range of motion
 Strength
Cardiac screen
Abdominal assessment
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prevent injury. Education by the health care provider can help balance the emphasis placed on repetition and 
performance by trainers and coaches. Suggestions for maintaining strength and fl exibility, warming up and 
cooling down, or managing minor aches and pains are valuable contributions that reduce injury and enhance 
athletic performance.

SPECIFIC TYPES OF SPORTS-RELATED INJURIES

MUSCULOSKELETAL INJURIES
Musculoskeletal injuries are the leading cause of morbidity in adolescent athletes. Although the growing skeletal 
system of adolescents is highly vulnerable, the preponderance of injuries involves muscles, ligaments, tendons, 
and bursae. Both osseous and soft tissue injuries occur more frequently during periods of rapid growth.

Sprains, strains, tendonitis, and muscle pain are the most common injuries aff ecting the adolescent athlete. 
Because these injuries correlate with the patterns of physical demand, they stratify according to sport. Low back 
pain, stress fractures, and compartment syndromes are less common injuries that must be identifi ed to avoid 
long-term sequelae.

Pathophysiology
Sprain (tendon tear) and strain (a tear of muscle), as well as tendinitis, bursitis, and certain stress fractures result 
from cumulative trauma or direct trauma.

Th ere are two patterns of tissue response to trauma: irritation/infl ammation and loss of tissue integrity (e.g., 
laceration or fracture). Lesions of muscle, tendon, joint capsule, and bursa characteristically manifest as pain, 
swelling, erythema, and guarding as a consequence of infl ammation. Muscles, ligaments, and tendons may tear, 
and bones may fracture. In these instances, the clinical presentation is usually more pronounced. When the injury 
is chronic or recurrent, long-term changes may become evident. Th ese include shortening or incompetence of 
muscle, ligaments, and capsules with segmental changes in posture, instability, and degenerative joint disease.

Growing articular cartilage, as well as the physis and epiphysis of long bones, is especially vulnerable to 
both macrotrauma and microtrauma. During periods of accelerated growth (growth spurts), this vulnerability 
is greatest. Because skeletal maturity does not occur until late adolescence or early adulthood, the growth plates 
of young individuals are susceptible to injury. Until about 24 years of age, the strength of joint capsules and 
ligaments exceeds that of bone, which explains the unique collection of epiphyseal fractures and osseous avul-
sion injuries seen in adolescent athletes. In addition to fractures of the epiphysis and physis (Table 3-11), stress 
fractures of the spine, spondylolysis, and metacarpal bones have been reported in adolescent athletes.

 TABLE 3-10

Contraindications to Sports Participation

Relative Contraindications

Exercise-induced angina, syncope, family history of sudden cardiac death, exercise-induced arrhythmia, 
mitral regurgitation, or prior embolic event
Atlantoaxial instability (especially juvenile rheumatoid arthritis or Down syndrome) (contact or partial 
contact sports)
Coagulopathy
Detached retina
Fever or acute illness
Repeated spine or brain trauma with residual defi cits

Conditions Requiring Restricted Contact or Other Accommodation

Congenital absence of one kidney
Cystic fi brosis
Acutely enlarged spleen
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Signifi cant joint disease can occur as repetitive wear of articular cartilage exposes joint surfaces. Osteoar-
thritis of the knee has been demonstrated in 50% of soccer players after 5 to 15 years of competitive play and 
may potentially aff ect late adolescents. Injury and subsequent degenerative change can be seen in the proximal 
interphalangeal joints of some teenage volleyball players.

Clinical and Laboratory Evaluation
History

Knowledge about an athlete’s sport is important to both the prevention and understanding of the pathomechan-
ics of injury. Sports may be classifi ed as full contact (or impact), limited contact, or noncontact. Th e clinician 
should ask questions concerning the degree and type of eff ort involved in play: Do the necessary muscle contrac-
tions require a large or small degree of force? Is this force sustained or explosive? How long is this force applied? 
It is important to identify the set of movements required for play, the joints involved and the required ROM, the 
demands for fl exibility, and whether the activity involves repetitive movement or exposure to excessive external 
force. Upper extremity injuries such as shoulder tendinitis and impingement and elbow/forearm epicondylitis 
or myositis most commonly result from repetitive motion. Lower extremity injuries from running may result 
from repetitive motion, whereas basketball injuries are often related to intermittent, explosive lower extremity 
use. Sprains, strains, and stress fractures of the foot, ankle, and knee, along with other lower extremity injuries, 
typically result from this type of trauma.

Physical Examination

Identify the joints involved and assess their ROM, strength of related musculature, and the athlete’s overall 
endurance and fl exibility. If possible, observe the specifi c activities of play and look for guarding, asymmetry, and 
the quality of motion. Note any swelling, tenderness, or ecchymosis (an indication of tissue disruption).

Pediatric Pearl: Osseous or articular pathology is painful with compression (pushing along 
axis), whereas ligament and tendon injuries are more painful with distraction (pulling).
Pe
ax

Laboratory Evaluation

Joint instability, locking or buckling of a joint, crepitus with movement, or persistent pain on weight bearing may 
require imaging studies for precise diagnosis. Plain radiographs are appropriate initially.

Management
Treatment of acute injury follows the RICE protocol: rest, splint, or cast; ice; compression or support; and eleva-
tion. Th e use of nonsteroidal anti-infl ammatory agents or local corticosteroid injection should be considered. 

 TABLE 3-11

Salter–Harris Fracture Classifi cation

Salter Classifi cation Description of Fracture

I Epiphyseal separation from the metaphysis without bony fragment

II Line of separation extending along physis and through portion of metaphyseal 
bone; metaphyseal bone fragment is seen (Th urston Holland sign)

III Intra-articular fracture of the epiphysis, with cleavage plane extending from 
joint surface to physis and parallel to growth plate

IV Fracture line beginning at articular surface, extending through epiphysis and 
 segment of metaphysis

V Crush injury of epiphysis
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If tissue disruption is suspected (e.g., fracture, tear of tendon or ligament), imaging or orthopedic referral for 
surgical evaluation is appropriate. If strength or sensory defi cits are apparent, referral for neurologic evaluation 
is important.

During the subacute stage of management (week 2 to 4 after injury), bracing, taping, or splinting 
may provide stability or support to an injured body segment. Physical therapy can train the athlete in 
a balanced therapeutic exercise program of strengthening, stretching, and “work hardening.” Repeated 
counseling about beneficial and harmful activities may be helpful. Involving athletes as well as coaches 
or trainers in setting goals and planning therapy is effective. The chronic stage of care focuses on modi-
fication of equipment, training, or competition strategies. Individualization of care is necessary for each 
athlete and injury.

NEUROLOGIC INJURIES
Central nervous system trauma aff ects the brain or spinal cord. Serious neurologic injuries are more common 
in athletes older than 12 years of age compared with younger children. Th e incidence of spinal cord injury in-
creases dramatically between 15 and 18 years of age, and 4% to 14% of the reported spinal cord injuries occur as 
a result of participation in football, gymnastics, wrestling, or diving. Unfortunately, 30% to 50% of these injuries 
involve the cervical spine and result in quadriplegia and severe disability. Th e literature regarding closed head or 
traumatic brain injuries, concussion-related disorders, and postconcussion syndromes is extensive. Head trauma 
may aff ect performance, either physical or cognitive, and behavior (Table 3-12). One-fourth of all high school 
football players suff er a concussion each football season.

Fortunately, adolescent athletes more frequently sustain a less severe neurologic injury—the “burner” or 
“stinger.” Th is injury is very common in high school and college athletes who play football, basketball, or hockey, 
or who engage in wrestling or weight lifting; in football players, it has a reported lifetime incidence of 18% to 
65%. Th e condition is usually self-limited, but recurrences are common. With multiple recurrences, a permanent 
neurologic defi cit may result.

Pathophysiology
Neurologic lesions can result from traction or compression. Axial compression of the spine when force is ap-
plied to the head with the neck in fl exion may lead to quadriplegia. In “burners” or “stingers,” damage to the C5 
or C6 nerve roots, the brachial plexus upper trunk, or a peripheral nerve occurs. Most of these lesions result in 
neurapraxia, and they resolve if the athlete is not subjected to additional trauma.

Clinical and Laboratory Evaluation
History

Complaints of weakness, paresthesia (usually tingling in nature), decreased or altered sensation, or burning 
pain suggest neuropathology. A history of forced head fl exion, traction on an abducted arm, or trauma to a 
peripheral nerve warrants further evaluation of the neurologic system (Table 3-13).

Physical Examination

Check muscle strength, light touch and position sense, tendon refl exes, motor control and coordination, and 
cognitive status. Between 15% and 20% of spinal cord injuries are spinal cord injuries without radiographic 
abnormality. Th e diagnosis of these injuries is made on the basis of clinical fi ndings alone.

 TABLE 3-12

Long-Term Sequelae of Repeated Head Trauma

Cognitive Sequelae Behavioral Sequelae Motor Sequelae

Memory loss Emotional lability Motor apraxia

Impaired learning Disinhibition Balance defi cit

Dementia Aggression or apathy Other movement disorders
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 TABLE 3-13

Postconcussion Syndrome

History Signs/Symptoms

Head trauma within 6 months Attention defi citsa

Loss of consciousness at injury Memory defi citsa

Posttraumatic amnesia Rapid fatigue
Disordered sleep
Headache
Dizziness
Irritability
Anxiety
Depression
Change in personality
Apathy

a Required symptom.

Athletes who have suff ered a concussion warrant evaluation for antegrade and retrograde amnesia (Table 3-14). 
Assessment should include the athlete’s ability to understand and respond appropriately to questions; orientation to 
person, place, and time; and the presence of headaches or dizziness. With loss of consciousness due to head trauma, 
there may be an associated spinal injury.

Laboratory Evaluation

Any injury resulting in hypesthesia, paresthesia, weakness, or altered consciousness necessitates further evalu-
ation. MRI (of head or spine) is the imaging study of choice. However, if the suspected injury is close to bone, 
computed tomography (CT) provides the best assessment. Electrodiagnostic studies (e.g., electromyography 
[EMG], nerve conduction testing, evoked potentials) may provide insight into lesion location, severity, and 
prognosis when performed at least 10 to 14 days following injury.

Management
Management initially follows the RICE protocol, with splinting and bracing as needed. In most instances in 
which there is an apparent neurologic defi cit, timely neurologic consultation is essential (see Table 3-14).

 TABLE 3-14

Concussion Severity and Activity Guidelines

Concussion Severity Return to Play Termination of Season

Mild (grade I): no 
LOC

After being asymptomatic for 1 week; if second 
concussion, after 2 asymptomatic weeks

Th ird concussion

Moderate (grade II): 
LOC < 5 minutes or 
PTA > 30 minutes

After being asymptomatic for 1 week; if second 
concussion, after 1 month of rest (must remain 
asymptomatic during play)

Th ird concussion

Severe (grade III): 
LOC > 5 minutes or 
PTA > 24 hours

1 month rest (must remain asymptomatic 
during play)

Second concussion

LOC, loss of consciousness; PTA, posttraumatic amnesia.
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CATASTROPHIC INJURY
Catastrophic (emergent or life-threatening) injuries in adolescent athletes may occur, although they are uncom-
mon. Direct contact or projectile contact trauma results in a wide range of injuries, including ophthalmologic 
emergencies. Emergent eye injuries result in about 40,000 emergency department visits per year.

Pediatric Pearl: Eye injuries are much more common in adolescent athletes 
than in adults.
Pe
th

Th e risk is greatest in baseball and basketball, followed by racket sports, hockey, combat sports, darts, 
archery, wrestling, the martial arts, and boxing. Th ere are reports of sudden death due to chest wall trauma in 
adolescents competing in baseball. Reports of similar injuries in hockey, lacrosse, and softball are less common. 
Pneumothorax has been associated with running, tennis, golf, bicycling, wrestling, weight lifting, and rowing.

Most sudden deaths aff ect male athletes. Th e highest rates occur in football, with nontraumatic deaths due 
to cardiac causes and thermal injury, and traumatic causes relating to head and neck trauma. Sudden cardiac arrest 
is the leading cause of atraumatic death in adolescent athletes and can be the result of underlying cardiovascular 
disease (hypertrophic cardiomyopathy and congenital coronary artery anomalies being the most common). Care-
ful screening (i.e., preparticipation physical examination) should identify adolescents who are at risk prior to sports 
participation (see Table 3-10). On-fi eld automated external defi brillators should be available whenever possible as 
cardiac risk, albeit uncommon, may not have been identifi ed during preparticipation screening.

Pediatric Pearl: Suspect sudden cardiac arrest in any event of collapse and unresponsiveness.Pe

ADOLESCENT SPORTS MEDICINE AND CHRONIC DISEASE
Although adolescents with chronic disease may require close medical supervision for participation in competi-
tive or recreational sports, they potentially derive substantial health benefi ts and pleasure from the experience. 
Exercise may be an eff ective part of the treatment plan for teenagers with diabetes mellitus, asthma, hyperten-
sion, and obesity. For these athletes, strategies to minimize risk and maximize performance are important. It is 
important to frequently monitor the serum glucose of adolescents with diabetes who participate in endurance 
activities until a baseline of glucose variation during play is established. Th e majority of athletes with asthma 
have exercise-induced disease, which may require premedication.

Exercise and sports play may not improve other conditions such as sickle cell disease, which requires careful 
attention to hydration and fatigue. However, with adequate medical supervision and care, aff ected adolescents 
can still participate and derive the cardiovascular, neuromuscular, respiratory, and psychosocial benefi ts associ-
ated with sports participation.

Adolescents with disabilities constitute a special category of athlete. Organized and supervised team and 
individual sports, wheelchair sports, or other athletic programs available to the athlete with disability can readily 
be identifi ed on the Internet.
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Principles of Pediatric Nutrition, 
Fluids, and Electrolytes

Steven P. Shelov and Frederick J. Kaskel* 

PRINCIPLES OF PEDIATRIC NUTRITION
Th is section of the chapter introduces medical students to the elements of nutrition and feeding of young infants 
and children that are useful beginning with the fi rst interaction with parents. Often the discussion of optimum 
feeding practices begins at visits before an infant is born, with discussions about the advantages of breast-feeding 
versus bottle-feeding and what to expect in the fi rst few days of the newborn’s life. Th ese interactions are not 
just fruitful for establishing confi dence and trust with parents, they are also a source of great satisfaction for 
pediatricians.

In addition, this section also outlines the specifi cs of breast-feeding and formula-feeding in infancy, when 
and what to introduce as solid foods in the latter half of the fi rst year, and elements of nutritional advice for 
toddlers and preschoolers. It also gives a brief overview of nutritional goals for school-age children. Several ac-
cessible, supportive references, listed at the end of this chapter, provide more complete information about any 
of these topics and can serve as resources for pediatricians and parents. In addition, the American Academy of 
Pediatrics (AAP) maintains an active Web site (http://www.AAP.org), which is a source of continually updated 
nutritional advice.

Breast-feeding
After a number of years, it now appears that the message that breast milk is the optimum food for infants is 
more eff ectively reaching professionals and parents. As recently as 10 years ago, fewer than 50% of new mothers 
stated that they were intending to breast-feed their new baby; most recent estimates now place this percentage at 
somewhere near 60% and apparently climbing. Th e AAP, longtime advocates for breast-feeding as the preferred 
method of infant nutrition, urges all of its 55,000 member pediatricians to reinforce this message at every pos-
sible encounter. It appears that the increasing percentage of women choosing this method of feeding their infant 
partially refl ects a positive response to this strongly worded message.

Facts about Breast Milk

What are some of the advantages of breast-feeding? It is important to share several specifi c facts about breast 
milk and breast-feeding with new or expectant mothers:

• Th e nutritional components of breast milk, the carbohydrate (the sugar is lactose—a disaccharide of glu-
cose and galactose), the protein (whey and casein in an 80:20 ratio), and the fat (cholesterol and a mixture 
of other triglycerides of varying lengths), are all of human origin and extremely well tolerated.

• Th e caloric content is 20 kcal/oz, ideal for the quantity ingested relative to weight.

*We would like to acknowledge Charles L. Stewart, MD, for his contributions to the fi rst edition of this chapter.

“Principles of Pediatric Nutrition” was written by Steven P. Shelov.

“Parenteral Fluid and Electrolyte Th erapy” was written by Charles L. Stewart and Frederick J. Kaskel.
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• Breast milk is less allergenic because the protein components (whey and casein) are human-based, not 
cow- or soy-based. Th is is signifi cant, because cow’s milk protein intolerance has been associated with 
eczema, allergy-mediated diarrhea and vomiting, colic irritability syndrome, and microscopic blood loss 
in the gastrointestinal (GI) tract.

• Th e presence of protective bacteriophagic elements, including macrophages and antibodies, is an impor-
tant factor. In addition to local antibody (immunoglobulin A [IgA]) contributing to GI immunity as well 
as additional antiviral immunity (against poliomyelitis and infl uenza), the normally present macrophages 
in breast milk can synthesize complement, lysozyme, and lactoferrin, with the latter acting as an inhibitor 
to Escherichia coli growth in the intestine.

• Th rough its lower pH, breast milk contributes to a greater degree of lactobacillus growth in the intestine, 
which also may be protective against certain pathogenic intestinal bacteria (e.g., E. coli).

• Breast milk contains suffi  cient iron stores for at least 6 months and suffi  cient vitamin D and fl uoride for 
at least 4 months.

• Breast milk is readily available and an important part of close bonding and maximal contact between the 
mother and her infant. Th e psychologic benefi ts of being able to provide the caloric sustenance through 
physical contact cannot be overemphasized. Breast-feeding on demand not only fulfi lls the infant’s nu-
tritional needs but also the baby’s and mother’s nurturing and skin contact needs.

Pediatric Pearl: Contraindications to breast-feeding include mastitis, severe fi ssuring or 
cracking of the nipples, and the need for pharmacotherapy (certain medications that enter 
breast milk and negatively affect the infant) (Table 4-1). However, for the most part, these 
contraindications occur very infrequently.

Pe
cra
br

The Feeding Process

Th ere is little need for special preparation of the breasts. Excessive nipple preparation or skin softening creams 
are only potentially injurious and sensitizing. In the fi rst 2 to 3 days postpartum, the breasts secrete a thin, 
 orange-tinted substance called colostrum, which is an electrolyte-, macrophage-, and nutrient-rich substance 
with a premilk composition. Colostrum is an extremely important component of the initial feeding experience 
of the newborn infant. With nursing taking place every 2 to 3 hours, the true milk supply usually comes in (i.e., 
milk is “let down”) at about the third day postdelivery. Th e mother knows when this is happening because the 
breasts feel full, even engorged, quite quickly. It is most important that even with this initially slightly uncom-
fortable feeling, infants be encouraged to feed at 2- to 3-hour intervals to keep the milk fl owing and to provide 
the continued stimulus for ongoing milk production.

At fi rst, the feeding process is often a bit awkward but very quickly becomes comfortable and relaxed. Al-
though the mother is either sitting or lying down, the infant is held and the face is brought directly facing the 
breast (Figure 4-1). Using the rooting refl ex, the baby latches onto the areola portion surrounding the nipple
and begins to suck (Figure 4-2). Th e sucking action is really a compression-milking action in which the milk is 
squeezed from the ductules into the ducts and then through the nipple into the baby’s mouth. Th e infant may 
suckle in bursts and then take pauses in between. Th e fi rst feedings usually last 5 to 10 minutes, usually with 
5 minutes on each breast. It is important that each feeding start on the breast on which the infant last nursed.

In the course of the fi rst month, the length of time for each feed, given a 2- to 3-hour interval between 
feedings, increases quickly to 20 to 30 min/feeding. Parents often want to be sure that the baby is getting 
enough milk. To reassure them that everything is going well, the clinician should ask the following questions: Is 
the infant wetting between four and six diapers each day? Is the infant gaining weight adequately? After each 
feeding, does the infant appear to be satisfi ed, or does the baby appear hungry by crying vigorously and sucking 
frantically on a fi st? If there is any doubt about milk supply, it is often a good idea for the pediatrician to see the 
baby at about 2 weeks of age to be sure that the child has at least regained her birth weight.

Th e 2-week visit is also a good opportunity to talk to the parents about any problems they might have been 
experiencing and to support their eff orts during these expectantly stressful times. Reassurance and support go a long 
way during these fatiguing and, at times, seemingly endless times of stress of the fi rst weeks. Parents often need to 
hear several times how well you, the pediatrician, think things are going. Th is period is often quite stressful for the new 
mother, especially the fi rst-time parent, because breast-feeding is not yet completely established, and there is often 
a high degree of anxiety focused on the feeding process. It is crucial that pediatricians support the mother’s positive 
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 TABLE 4-1

Effect of Maternal Drugs on Breast-fed Infants

Drug Eff ect Comment

Amoxicillin None Safe

Antimetabolites Carcinogenic Contraindicated

Aspirin Rare complication of bleeding Usually safe

Atenolol None Probably safe

Bromocriptine Suppresses lactation Avoid

Carbamazepine Unknown Probably safe

Cascara Colic, diarrhea Avoid

Chloramphenicol Gray baby syndrome Contraindicated

Codeine Lethargy Usually safe

Diazepam Lethargy, apnea High doses contraindicated

Digoxin None Safe

Ergot Gangrene, vasospasm Contraindicated

Furosemide None Safe

Gold salts Hepatonephrotoxicity Contraindicated

Meperidine Lethargy Avoid

Methimazole Hypothyroidism Contraindicated

Metoprolol None Probably safe

Metronidazole Carcinogenic Contraindicated

Phenindione Hemorrhage Contraindicated

Phenobarbital Lethargy Usually safe

Phenytoin Usually none May not be recommended

Prednisone None Probably safe

Propoxyphene Lethargy Usually safe

Propranolol None Probably safe

Propylthiouracil Usually none; rare goiter Probably safe

Radioactive material Carcinogenic Discontinue breast-feeding 
1–2 wk

Tetracycline Discolored teeth Contraindicated

 attitude about her ability to breast-feed her baby successfully. Supportive literature or personnel (a doula or breast-
feeding expert is a great resource) help the new mother through these often stressful fi rst weeks. Often, previously 
successful breast-feeding mothers are great referrals for new mothers who may be struggling a bit with the process.

It is also important to remember that maternal fatigue is a major counterproductive force to establishing 
successful breast-feeding. Th e mother should get as much rest as possible and have help around the house with 
other chores. Minimizing fatigue allows her to relax more easily, and a relaxed mother can concentrate on the 
needs of both herself and her infant. It is essential to reduce such major disruptions as maternal fatigue, anxiety, 

Adapted from Behrman RE, Kliegman RM: Nelson’s Essentials of Pediatrics, 2nd ed. Philadelphia, WB Saunders, 1994, p 61.
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A

B

FIGURE 4-1. (A) Th e infant instinctively latches onto the nipple and begins to suck. (B) Diff erent feeding 
positions. Th e infant’s entire body, not just the head, should be facing the mother’s body. From Caring for 
Your Baby and Young Child: Birth to Age 5 by Steven Shelov and Robert E. Hannemann, copyright 1991 by 
American Academy of Pediatrics.

770309_Ch_04.indd   90770309_Ch_04.indd   90 5/6/11   12:37:26 PM5/6/11   12:37:26 PM



CHAPTER 4 ■ PRINCIPLES OF PEDIATRIC NUTRITION, FLUIDS, AND ELECTROLYTES    91

and tension to ensure successful breast-feeding, and the pediatrician and the family can often creatively develop 
methods to accomplish these goals.

Breast-feeding is usually well established by the end of the fi rst month. Th e routine is nursing every 3 
hours or so with each feeding lasting around 30 minutes. It is reassuring to know that the majority (80%) of the 
milk at each feeding is probably consumed in the fi rst 5 minutes of the feeding. Th is should help relieve some of 
the anxiety experienced when parents say that often their baby falls asleep after 10 or 15 minutes at the breast. 
Reassurance with continued good growth of the infant further helps reinforce the success of the breast-feeding, 
but the pediatrician must always remember that the need for such reassurance is often ongoing, especially in the 
fi rst several months of the new baby’s life.

Pediatric Pearl: In many instances, the breast-feeding process does not go well for many 
reasons, such as personal choice, diffi culty with the process, and unrelenting anxiety about 
the baby “not getting enough milk.” When these signs appear, provide further counseling 
and offer referral to a lactation specialist. A 2- to 4-week trial is usually suffi cient to know 
whether breast-feeding is going to work for the mother and infant.

Pe
rea
th

If breast-feeding continues to be “diffi  cult” or anxiety-provoking, the optimum strategy is formula-feeding 
with equally justifi ed support from the family and pediatrician. It is most important that the mother, especially a 
fi rst-time mother, not be made to feel guilty about the switch. Many mothers feel the need to do this. Once the 
baby is on formula, both the baby and mother fi nd greater satisfaction—the desired goal of any feeding process.

Formula-feeding
Formula is commercially prepared cow’s milk–based infant feeding. For a variety of reasons, a large number of 
 mothers (40% of new mothers by some estimates) choose not to breast-feed their new babies. Th ere are some 
advantages to formula-feeding that some families fi nd compelling and, as a result, would prefer to use it for 
their infants.

This baby has latched on 
to the breast correctly.

The entire areola and nipple
are in his mouth.

FIGURE 4-2. Latching on process. From Caring for Your Baby and Young Child: Birth to Age 5 by Steven Shelov and 
Robert E. Hannemann, copyright 1991 by American Academy of Pediatrics.
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Facts about Formula

Th e excellent alternatives available to breast milk have become increasingly more sophisticated and more “breast 
milk–like.” Fortunately, these preparations have been designed to be similar enough to breast milk and yet avail-
able in a variety of safe and easy-to-use formulations that they may serve as perfectly acceptable alternatives to 
breast milk as the basic nutritional source for proper infant nutrition. Th e three basic components of milk in 
formulas—carbohydrate, protein, and fat—are similar to those found in breast milk, although not totally identi-
cal. Formulas vary in terms of their exact composition (Table 4-2).

What are some of the more general similarities and diff erences?

• Both provide the same caloric content, approximately 20 kcal/oz (0.67 kcal/mL).
• Both breast milk and regular formula (those marketed as Similac [Ross Laboratories], Enfamil [Mead 

Johnson], SMA [Wyeth], Good Start [Carnation], and Gerber’s) contain the disaccharide carbohy-
drate lactose (glucose and galactose).

• Both contain whey and casein as the principal proteins. Diff erent formulas have varying whey:casein 
ratios, although all are less than the 80:20 ratio seen in breast milk. In addition, the protein in formula 
is cow’s milk–based protein and not human, and although it has been hydrolyzed and altered somewhat 
to make it more digestible and potentially less allergenic (diff erent brands do diff erent things to the pro-
tein), the continued presence of cow’s milk–based protein might trigger a sensitivity or allergy in those 
rare infants who might be allergic to cow’s milk protein. For such situations, there are formulas available 
with a soy protein base that provide perfectly suitable nutrients for optimum growth.

• Both contain fats, but in formula, once the cow’s milk is skimmed of all animal fat, which is quite poorly 
digestible, a variety of vegetable oils are added, including corn, coconut, and saffl  ower oil, depending on 
the brand.

• In soy protein formulas, the protein is soy-based and not cow’s milk–based, and the sugar is a corn syrup 
and sucrose, not lactose. Th erefore, this type of formula is useful in lactose-intolerant situations and in 
which milk protein intolerance may be suspected.

• Th e mineral contents are variably diff erent from breast milk (see Table 4-2). However, each formula 
contains iron and vitamin supplements, eliminating the need for any additional supplementation in the 
fi rst 6 months and in the latter half of infancy, as long as the infant is then given additional sources of 
iron-containing food.

• Fluoride supplementation remains controversial. Th e Committee on Nutrition of the AAP does not rec-
ommend fl uoride supplementation for breast-fed or formula-fed infants from birth to 6 months of age, 
regardless of the fl uoride concentration in the community water. Currently, fl uoride supplementation is 
recommended for children 6 months of age and older (Table 4-3).

The Feeding Process

Formula is available in three basic preparations. Th e most frequently used is a concentrate form, which requires 
an equal amount of water to be added to reconstitute it to full strength suitable for feeding to infants. Th e 
“ready-to-feed” preparations in various-sized bottles and cans are just that, ready to feed, but are more expensive; 
parents are basically paying for water. Th e availability of small (4 to 6 oz), ready-to-feed bottles that are very 
useful for travel or middle-of-the-night purposes are handy but are expensive as a regular, everyday procedure. 
Finally, many of the formula preparations come in a powder form that is also convenient for travel and comes 
with an easy-to-understand measuring spoon or scoop.

In the past, the AAP had recommended terminal heating for formula preparation in the fi rst 3 months. Th is is 
no longer viewed as necessary given the safe nature of the water supply throughout most communities in the United 
States. Certainly, this method should be used in any household in which the risk of contamination of food is a reality.

In general, new infants are fed every 3 to 4 hours and take about 2 to 4 oz/feeding in the fi rst several 
weeks. From the third week on, the feedings are increased in amounts (4 to 5 oz at a time) and generally follow 
a certain pattern (see Table 4-4). During the fi rst 2 to 3 months, feeding usually continues every 4 hours or so 
through the night. Once infants are about 3 months of age, the evening feedings may be slightly increased in 
quantity to allow for a longer time between the late evening feeding and the early morning feeding, allowing the 
mother and infant (and father) to get a little longer stretch of continuous sleep. Th is fi rst night that an infant 
“sleeps through the night” is usually heralded with much relief. Th e total amount of feeding per day usually ap-
proximates 150 mL/kg, which allows for approximately 120 kcal/kg, suffi  cient for good growth of the infant 
through these early months.
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94   SECTION I ■ GENERAL PEDIATRIC PRACTICE

Homemade Formula

A small number of families continue to make formula from whole cow’s milk rather than use commercially 
prepared formula. If this is the case with your patient, the recommendation is to use only evaporated milk (not 
condensed milk). An easy way for parents to prepare milk-based formula is the following:

1. All utensils required for mixing and storing of formula should be sterilized by boiling in water for 5 to 
10 minutes.

2. Rubber nipples and caps should be boiled for no more than 5 minutes.
3. Wide-mouth glass bottles and a thoroughly cleaned quart (32 oz) bottle are easiest to use.
4. After thorough cleaning of the quart bottle, pour in 1 can (13 oz) of evaporated milk. Fill the remainder 

of the jar with tap water. Th en add 2 tablespoons of cane sugar or 4 tablespoons of Mead’s Dextrimaltose. 
Stir well.

5. Pour the formula, once made, into bottles as in the steps above and terminally heat. Th is will make enough 
formula for 1 day of the infant’s needs. Each supply must be made no more than 1 day at a time.

Second 6 Months of Life: Introduction of Solid Food
Breast-feeding or formula-feeding should continue throughout the second half of the fi rst year of life. Numer-
ous studies have indicated an intolerance to whole cow’s milk when ingested by infants under 1 year of age. Th is 
intolerance has resulted in occasional episodes of vomiting, diarrhea, and, most signifi cantly, occult blood loss 
through the GI tract, resulting in an iron defi ciency state.

Beginning at about 5 to 6 months of age, additional foods usually supplement nutrition provided by breast- or 
formula-feeding. Th e fi rst food usually recommended is iron-fortifi ed, single-grain infant cereal. Th is cereal, especially 
prepared for infants, can be rice, barley, or any other single grain. Initially, 3 to 4 level tablespoons can be diluted with 

 TABLE 4-3

Fluoride Supplementationa

Age <0.3 Water Fluoride Con-

tent (ppm) 0.3–0.6
�0.6

Birth–6 months 0 0 0

6 months–3 years 0.25 0 0

3–6 years 0.50 0.25 0

6–16 years 1.00 0.50 0

a Fluoride daily doses are given in milligrams. 

From American Academy of Pediatrics Committee on Nutrition: Fluoride supplementation for children: Interim policy 

recommendations. Pediatrics 95(5):777, 1995. Copyright American Academy of Pediatrics.

 TABLE 4-4

Average Quantity of Feedings

Age Average Quantity Taken in Individual Feedings

1st and 2nd week 2–3 oz (60–90 mL)

3 weeks–2 months 4–5 oz (120–150 mL)

2–3 months 5–6 oz (150–180 mL)

3–4 months 6–7 oz (180–210 mL)

5–12 months 7–8 oz (210–240 mL)
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6 parts of breast milk or formula (about 108 kcal/dL) and fed to infants with a small baby spoon. Most often, this 
solid food supplementation is reserved for two feedings a day, but as additional solid foods are introduced, they can be 
spaced out into any of the feedings. Th e fi rst feeding with the spoon is also a pretty sloppy aff air, so parents should be 
warned to be prepared with lots of bibs and plastic on the fl oor. It takes a short while for infants to adjust.

After the introduction of cereals, additional specially prepared baby foods are introduced, one at a time, 
and again fed with a spoon. Although many parents have a tendency to put cereal and other foods into the 
bottle, this is not recommended; the potential for overfeeding of higher caloric dense solids is a common result. 
Strained fruits contain 45 to 70 kcal/100 g; strained vegetables, 25 to 65 kcal/g; and meat, 90 to 140 kcal/g. 
Some studies indicate that the addition of larger amounts of solid foods than calorically required can be one 
factor in the early predisposition to obesity later in childhood.

Toward the latter several months of the fi rst year, the strained foods are generally less pureed and off ered 
as “junior foods.” However, as these commercially prepared baby foods are expensive and off er no advantage 
over homemade, freshly prepared and pureed foods, parents can certainly feel comfortable preparing their 
own foods for older infants, taking proper caution to keep all food preparation clean.

Feeding after the First Year: More Solid Food
With the beginning of the second year of life, infants become more mobile and active and motorically more 
facile. Th is means the feeding process is also a more active one. During this time, children show initiative with 
feeding, have food preferences, and have erratic food volume intakes, even from day to day. Unpredictable in 
their food choices as in their other activities, they may have a “favorite” meal one day and reject it totally the next 
day. Th ey love to feed themselves; although self-feeding is often messy and disruptive, it should be encouraged.

Th ey usually eat three meals and two snacks a day. In addition, their milk drinking (whole cow’s milk is 
now acceptable, although 1% to 2% can be used after the second year) has generally been shifted to a cup that 
they can hold (unless, of course, they are still breast-feeding). With the addition of table foods at all of the meals, 
milk no longer occupies such a central place in the diet.

Pediatric Pearl: One guideline for milk volume per day is to never allow more than 1 quart 
of milk. If a child is drinking more than this, a loss of interest in other types of foods may 
result, and a risk for nutritional defi ciency could occur.

Pe
of
res

Th e diet should include foods from all the diff erent food groups, and parents should match the degree of 
chewing required to children’s ability to chew. It is most important not to allow foods that require too much 
chewing; the risk for choking is probably greatest at this age. Th e basic food groups are:

• Dairy products—milk, yogurt, cheese, and milk products
• Meat, fi sh, poultry, eggs, and legumes
• Vegetables
• Fruits
• Cereal grains, breads, pastas, and rice

It is not necessary that children have representatives of all the food groups every day, but they should be in the 
diet at least two to three times per week. Although foods that are low in fat and cholesterol are recommended 
for adults, the AAP agrees that fat and cholesterol should not be limited until after 2 years of age.

Th e nutritional requirements of children in the preschool and school-age years are less specifi c and more 
refl ective of the daily activities, personal and family likes and dislikes, and overall taste preferences. Regular meals, 
especially breakfast, are important not only as nutritional activities but also as social and family activities. In general, 
children’s eating routines are integrally involved with the family. Continued attention to foods from the diff erent 
food groups should guide nutritional food preparation, and now a greater watchfulness over the fat and cholesterol 
content of the diet should be a determining factor. Th ere is no need for more than three cups of milk per day as a cal-
cium source, and other milk and vegetable sources of calcium can consistently be ingested that are also suffi  cient.

It is also important to try and resist the natural temptation to replace some of the previously, established, 
sound eating principles with high-calorie snacks and fast foods. Th e eating of these foods is inevitable to some 
degree; ease, availability, and peer pressure are often hard to resist. It should occur as infrequently as possible. 
Even with the increased energy needs of children during the preschool and school-age years, the calories from 
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96   SECTION I ■ GENERAL PEDIATRIC PRACTICE

a more balanced diet are suffi  cient, and variations on those early dietary principles can be limitless and still 
maintain the majority of the good aspects of those early nutritional behaviors and habits. Finally, it is important 
not to minimize the infl uence that family and adult dietary habits have on children’s determination of their own 
dietary needs and fancies. Discussions about family feeding and food preparation as a “family health item,” by 
defi nition, include the children and incorporate them into this most essential part of growing up in the family.

PARENTERAL FLUID AND ELECTROLYTE THERAPY
All infants and children require an adequate intake of fl uid and electrolytes to thrive. For most children, this 
is accomplished without diffi  culty by oral ingestion of food and fl uids. Th e goals of an organized approach to 
fl uid and electrolyte therapy in children are twofold: (1) to supply fl uids and electrolytes used or lost as a result 
of normal metabolism and (2) to replace or repair abnormalities in fl uid and electrolyte balance incurred by a 
disease process or a behavior. Physicians and other health care professionals should promote, whenever possible, 
the enteral route of fl uid and electrolyte administration; they should reserve parenteral ( intravenous) fl uid ad-
ministration for those children who cannot use enteral alimentation for medical or surgical reasons (Table 4-5). 
A major goal in the treatment plan for most children aff ected by the conditions listed in Table 4-5 is the 
 resumption of enteral nutrition.

Fluid and electrolyte therapies (both enteral and parenteral) are frequently divided into several categories 
and subcategories, most commonly “maintenance” and “defi cit replacement” phases. Th e following discussion of 
defi cit fl uid therapy focuses on diarrheal dehydration, although many of the concepts discussed apply to other 
causes of volume and electrolyte defi cits as well.

 TABLE 4-5

Conditions that May Require Parenteral Fluid and 
Electrolyte Therapy
Dehydration (see Table 4-10 for causes)a

Presurgical and postsurgical procedures
 Abdominal
 Neurosurgical
 Cardiovascular

GI diseases
 Bleeding
 Perforation of viscus
 Infl ammatory bowel disease (uncommon)

Electrolyte abnormalities
 Hyponatremia (severe) (see Figure 4-3)
 Hypokalemia (severe)
 Hypernatremia
 Hyperkalemia

Acute hypovolemia, shock, or both
 Trauma
 Sepsis
 Gastroenteritis
 Hemorrhage (external or internal)

Metabolic abnormalities
 Diabetic ketoacidosis

a Enteral alimentation is preferred if feasible.

GI, gastrointestinal.
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Maintenance Fluid and Electrolyte Requirements
Children admitted to the hospital for any reason are usually on “maintenance” fl uids, often unregulated and 
administered via the oral route. It is necessary to modify this, of course, if they are overhydrated, dehydrated, or 
have acute renal insuffi  ciency. Before certain surgical procedures, children may need to receive their fl uid and 
electrolyte requirements intravenously, as do children who are in the early stages of recovering from surgical 
procedures, especially thoracic, abdominal, and central nervous system (CNS) surgery. Children  undergoing 
bowel surgery may require more than maintenance fl uids secondary to bowel wall edema or infl ammation, 
also known as “third spacing.” CNS surgery occasionally warrants a decrease in the “normal” maintenance 
fl uids to ameliorate possible cerebral edema. Many acute and chronic diseases impair the child’s ability to 
ingest food and water or signifi cantly depress appetite or mental status and may make oral consumption of 
food and fl uids dangerous.

Th e goal of parenterally administered maintenance fl uids is to keep total body water and electrolytes at 
“even” or “zero” balance; that is, the amount of fl uid and electrolytes utilized and expended by the body (through  
metabolism, growth, losses via skin, respiratory tract, GI tract, and urine output) should approximate the amount 
given to the child intravenously.

Methods for Estimating Maintenance Fluid Needs
Numerous methods are used to estimate maintenance fl uid and electrolyte requirements in infants and children. 
Th e two most common techniques are based on either metabolic rate (the “caloric” method) or body surface area 
(the “per square meter” method). Each of these systems has many variations yielding similar but not the same 
results, and all methods must be considered estimates of actual requirements. Th us, each patient given intrave-
nous fl uid and electrolyte therapies requires frequent reassessment and monitoring and, sometimes, revision of 
the fl uid prescription. Th is section of the chapter outlines the caloric method of fl uid therapy.

Th e major components of maintenance fl uid therapy are insensible fl uid losses and urine output, with a 
small amount of fl uid normally lost in feces (Table 4-6). Insensible water losses are related to energy expenditure 
by the body; under basal (resting) conditions, 45 mL of water are lost for every 100 kcal of energy metabolized 
per day. Two-thirds of these insensible losses occur through the skin (not sweat, which is an additional source of 
insensible loss of fl uid), and one-third occurs via the respiratory tract.

Alterations in respiratory rate, ambient temperature, and inspired humidity may alter these values some-
what (Table 4-7). In general, few or no electrolytes are lost via the insensible route. Th e additional sources of wa-
ter loss to account for the  maintenance fl uid requirements are free water losses  in stool and urine. Normal solid 
stools account for a very small  amount of water loss—about 5 mL/100 kcal metabolized (see Table 4-6). Urine 
output typically varies according to daily amount of fl uid and solute intake. Th is  component of  maintenance 
requirements, estimated as 50 mL/100 kcal of metabolic energy, is derived from the amount of urine excreted 
under basal condition. In the absence of a signifi cant alteration of the glomerular fi ltrate, its tonicity is close to 
that of plasma.

 TABLE 4-6

Components of Maintenance Fluid Therapy
Water requirements (mL/100 calories metabolized/day)

Insensible
 Skin � 30
 Lungs � 15
 Stool � 5
 Urine � 50

Electrolyte requirements (mEq/100 calories metabolized/day)
 Sodium � 2.5–3.0
 Potassium � 2.0–3.0
 Chloride � 4.5–5.5
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98   SECTION I ■ GENERAL PEDIATRIC PRACTICE

Pediatric Pearl: The estimate of insensible water losses (45 mL/100 kcal metabolized), 
when added to stool and urine losses (55 mL/100 kcal metabolized), causes the emergence 
of a simplifi ed, one-to-one relationship of fl uid requirements and caloric expenditure: 
100 mL of fl uid lost (and therefore required) for each 100 kcal expended.

Pe
wh
of

Th e estimate of caloric requirements is based on body weight in kilograms, which is reasonable for infants 
older than several weeks of age (Table 4-8). Children who weigh 10 kg or less expend 100 kcal/kg (and thus 
require 100 mL of fl uid/kg). Infants who weigh between 10 and 20 kg utilize an additional 50 kcal of energy/
kg over 10 kg (thus, an additional 50 mL of fl uid/kg are necessary). Th ese children thus require 1,000 kcal of 
energy (or 1,000 mL of fl uid) for the fi rst 10 kg and 50 kcal (or 50 mL of fl uid) for each kilogram between 
10 and 20 kg. Children over 20 kg expend an additional 20 kcal of energy/kg in addition to the 1,500 kcal (or 
1,500 mL) required for the fi rst 20 kg (thus, they need an additional 20 mL of fl uid for each kilogram).

Th e caloric method of estimating pediatric fl uid requirements also allows for the estimation of sodium 
and potassium needs. Typically, children need 2.5 mEq of sodium and potassium (as chloride salts) per 100 kcal 
metabolized (see Table 4-6). If children are dehydrated, net losses of electrolytes along with fl uids have already 
occurred, and it is necessary to estimate these losses and replace them. In addition, it is  essential to assess and 

 TABLE 4-7

Conditions Altering Maintenance Fluid or Electrolyte Requirements 
and Ongoing Losses

Condition or Problem Fluid Adjustment Needed

Increased metabolic rate

 Fever Increase caloric estimate by 12% per °C rise 
in body temperature

Hypermetabolic states (hyperthyroidism, salicylism) Increase caloric estimate by 25%–50%

Decreased metabolic rate

Hypothermia Reduce caloric estimate by 12% per °C fall in 
fever

Hypometabolic states Reduce caloric estimate by 5%–15%

Sweat

 Mild to moderate Increase fl uid requirement by 5–25 mL/100 
calories metabolized; increase sodium require-
ment by 0.5–1.0 mEq/100 calories metabolized

Mild to moderate (cystic fi brosis) Increase fl uid as above; increase sodium by 1–2 
mEq/100 calories metabolized

Urinary losses

 Oliguria Adjust fl uid allowance to replace insensible 
losses plus output

 Polyuria Increase water allowance to replace output (may 
need to decrease dextrose in replacement fl uids)

Sodium- or potassium-wasting states Adjust sodium or potassium to equal losses

Sodium- or potassium-retaining states Reduce or eliminate sodium or potassium intake

Adapted from Winters RW: Principles of Pediatric Fluid Th erapy. Boston, Little, Brown & Company, 1982. pp 75, 78.
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replace fl uid and electrolyte losses that occur via vomiting, diarrhea, nasogastric tube, and surgical drains (often 
called “ongoing losses”). Typically, parenteral maintenance fl uids are given for a brief period only, and enteral 
feeding is begun as soon as appropriate. Although clinicians estimate caloric requirements to calculate fl uid 
needs, administered fl uids rarely supply more than 20% of estimated caloric needs; if the GI route cannot be 
used for a prolonged period, consideration of parenteral hyperalimentation is warranted.

CASE 4-1
A 15-kg child requires intravenous fl uid for several days following surgery. The child has normal hydration 
status, normal serum electrolytes, and normal kidney function. Assuming no unusual fl uid losses, calculate 
maintenance parenteral fl uid and electrolyte administration for 24 hours.

Maintenance fl uids are 1,000 mL (100 kcal or 100 mL/kg body weight for the fi rst 10 kg) plus 250 mL 
(50 kcal or mL for each kilogram between 10 and 20 kg), which equals 1,250 kcal or mL/24 h. Mainte-
nance electrolytes are 2.5 mEq of sodium and potassium per 100 calories metabolized, with 1,250 kcal 
metabolized, which equals 2.5 times 12.5 or 31.25 mEq of sodium and 31.25 mEq of potassium to be 
given in the daily maintenance volume of 1250 mL.

The fi nal 1 L infusion “bag” should then contain 5% dextrose with 25 mEq of sodium (as chloride) and 
25 mEq of potassium to infuse at a rate of 52.08 mL/h. (Of course, the intravenous infusion rate should be 
reasonable; here, 52 mL/h.) To avoid pharmaceutical errors, fl uids with standard electrolyte concentration 
are often preferred. D5 and half saline contains (150 mEq/L � 0.5) 75 mEq/L of NaCl, whereas D5 and 0.25 
normal saline contains 37.5 mEq/L. Therefore, the latter (closer in value to 25 mEq/L) will be selected for 
infusion. In the absence of adequate urine output, potassium-containing fl uid must be avoided.

CASE 4-2
Estimate maintenance fl uid and electrolyte requirements for an infant weighing 6.8 kg.

Caloric expenditure is 100 kcal/kg/day for the fi rst 10 kg of body weight; here, this would be 680 kcal. 
Thus, this child requires about 680 mL of fl uid/24 h. The sodium and potassium requirements are 2.5 
mEq of each per 100 calories metabolized; here, this is 17 mEq of sodium and 17 mEq of potassium per 
day. The fi nal solution would therefore be 1 L of 5% dextrose with 25 mEq of sodium/L and 25 mEq of 
potassium/L, to infuse at 28.3 mL/h (“rounded off” to 28 mL/h).

Many factors may alter maintenance requirements (e.g., sweat, fever, and increased respiratory rate, 
which increase fl uid loss), and sick children may have or develop abnormal ongoing losses (e.g., new 
development of vomiting or diarrhea). In these cases, intravenous fl uid requirements need to be adjusted 
(Table 4-9; see Table 4-7).

Dehydration
One of the most common reasons that parenteral fl uid and electrolyte therapy is used in children is dehydration, 
which has many causes (Table 4-10). For most children with dehydration, fl uid loss occurs via the GI tract with 
diarrheal stools, frequently accompanied by vomiting. Viral (e.g., rotavirus) or bacterial (e.g., Salmonella, Shigel-

la, or cholera) infections of the GI tract (gastroenteritis), which are frequent in children, are the most common 

 TABLE 4-8

Caloric Requirements Based on Body Weight

Body Weight (kg) Calories Expended (kcal/kg body weight/day)

3–10 100

10–20 1,000 calories � 50 per kg for each kg �10

�20 1,500 calories � 20 per kg for each kg �20
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 TABLE 4-10

Causes of Dehydration
Inadequate fl uid intake
 Altered thirst (central nervous system lesion)
 Physical impairment (cannot access fl uids)
 Altered mental status (lethargy, coma)
 Dysphagia
 Increased fl uid needs

Increased GI fl uid losses
 Diarrhea
 Vomiting
 Ileostomy
 Nasogastric drainage

Increased insensible fl uid losses
 Fever
 Th ermal injury (burns)
 Sweating
 Cystic fi brosis
 Increased ambient temperature
 Increased respiratory rate

Increased renal fl uid losses
 Osmotic diuresis (diabetes mellitus, mannitol)
 Diabetes insipidus (central or nephrogenic)
  Tubular concentrating defect (sickle cell disease, hypokalemia, hypercalcemia, 

congenital nephropathy)

GI, gastrointestinal.

causes of dehydration in most parts of the world. Fluid loss via the GI tract is often accompanied by anorexia, 
with concomitant decreased intake of fl uids. It should be emphasized that parenteral correction of dehydration 
is often not necessary, and oral rehydration has been successfully used in children with mild-to-moderate (and 
occasionally severe) dehydration.

Several important considerations in assessing and treating dehydration help formulate a reasonable thera-
peutic approach, such as:

• Is the child dehydrated, and if so, how much fl uid has been lost?
• Does the child have an electrolyte disturbance (usually, hyponatremia or hypernatremia) in addition to 

the fl uid loss?

 TABLE 4-9

Gastrointestinal Losses of Fluid and Electrolytes
Fluid Na� (mEq/L) K � (mEq/L) Cl � (mEq/L) HCO

3
 � (mEq/L)

Gastric juice 50 515 110 0

Pancreatic 
juice

140 5 75 110

Small bowel 140 5 110 30

Ileostomy 130 10 110 30

Diarrhea 50,140 515 50,110 1,550

Adapted from Feld LG, Kaskel FJ, Schoeneman MJ: Th e approach to fl uid and electrolyte therapy in pediatrics. 

Adv Pediatr 35:497–535.
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• Does the child have an acid–base abnormality, and should the child be given specifi c correction for this?
• Is the serum (or, sometimes better, plasma) level of potassium normal?
• Are the kidneys responding to the fl uid and electrolyte abnormalities appropriately?

Determining the Extent of Dehydration
At present, no particular laboratory test can quantify or estimate the severity of dehydration. Th e more reliable 
physical signs of dehydration are reduced skin elasticity and prolonged capillary refi ll.

Pediatric Pearl: Most commonly, the extent of dehydration (and thus the amount of fl uid 
that needs to be replaced) is expressed as a percentage of body weight that has been lost 
acutely as a result of fl uid loss (preillness weight minus admission or current weight, divided 
by preillness weight, multiplied by 100).

Pe
th
ac

If a very recent preillness body weight is known, then the amount of weight lost when the child is seen for 
an acute diarrheal illness refl ects the amount of body fl uid lost. However, because the preillness weight is only 
rarely known, the amount of fl uid lost by the child is estimated based on physical examination and historical 
criteria (Table 4-11); it is usually expressed as a percentage. Once the degree of dehydration has been estimated, 
an organized approach to the various components of intravenous (or oral) fl uid therapy can be designed, with 
close attention paid to frequent reassessment of the patient after therapy is implemented.

Osmolar Considerations

An infant or child with dehydration may have abnormalities in serum or plasma osmolality, usually resulting 
from hyponatremia or hypernatremia that develop concomitantly with the dehydration. In the most common 
form of dehydration (iso-osmolar or isonatremic), the serum sodium concentration is normal or nearly normal 
(between 130 and 150 mmol/L). In these children, the amount of water and electrolytes lost from the body are 
proportional in concentration to electrolyte concentrations in the extracellular fl uid space, or hypotonic fl uid 
is lost from the body and is replaced orally with hypotonic fl uid, so that serum sodium concentration remains 

 TABLE 4-11

Evidence of Dehydration Found on Physical Examination

Symptom/Sign Mild Moderate Severe

Body weight loss

 Infants � 20 kg 5% 10% 15%

 Older children 3% 6% 9%

Mucous membranes Normal Dry Very dry, cracked

Tears Normal Absent Absent

Urine output Normal, concentrated Decreased Little or none

Capillary refi ll Normal (�2 s) Increased or normal Increased

Skin elasticity Normal retraction Slow retraction Delayed retraction, 
tenting

Blood pressure Normal Normal; may have 
orthostatic changes

Low

Heart rate Normal or slightly 
increased

Orthostatic changes or 
increased

Increased; pulse is 
thready
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stable. Approximately 75% to 85% of dehydration episodes are isonatremic. Proportional losses of electrolytes 
in children vary depending on the degree of isonatremic dehydration (Table 4-12).

Infants with hyponatremic dehydration (Na�  130 mEq/L) have had more electrolyte losses than propor-
tional water losses; these infants have more compromised intravascular volume (more signs of shock) compared 
with infants with the same volume loss from isonatremia or hypernatremia. Between 5% and 10% of diarrheal 
dehydration illnesses are hyponatremic, and replenishing body stores of sodium is a major goal of therapy. It is 
possible to distinguish many other causes of hyponatremia on the basis of normal, reduced, or increased body fl uid 
status (Figure 4-3). Signifi cant hyponatremia results in certain clinical fi ndings (Table 4-13).

 TABLE 4-12

Estimated Fluid and Electrolyte Defi cits in Iso-osmolar Dehydration

% Dehydration Water (mL/kg) Sodium (mEq/kg) Potassium (mEq/kg)

5 50 4 3

10 100 8 6

15 150 12 9

             Isotonic
  pseudohyponatremia
POsm = 280-295 mOsm/L
•Hyperproteinemia
•Hyperlipidemia

Hypotonic
hyponatremia

POsm < 280 mOsm/L       Hypertonic
    hyponatremia
POsm > 295 mOsm/L
•Hyperglycemia
•Mannitol, Glycerol

Hypovolemic

      Renal losses
•Diuretic excess
•Osmotic diuresis
•Salt-wasting
   nephropathy
•Adrenal insufficiency
•Proximal RTA
•Metabolic alkalosis
•Pseudohypo-
   aldosteronism

Edema-forming
        states
•Congestive
   heart failure
•Cirrhosis
•Nephrotic
   syndrome

Renal failure
•Acute
•Chronic

     Extrarenal 
        losses
•Gastrointestinal
   Vomiting
   Diarrhea
   Tubes/fistula
•Sweat
•Third space
    Pancreatitis
    Burns
    Muscle trauma
    Peritonitis
    Effusions
    Ascites

•Excess ADH
   SIADH
   drugs, pain
•Reset osmostat
•Glucocorticoid deficiency
•Hypothyroidism
•Water intoxication
   IV therapy
   Tap water enema
   Psychogenic water
      drinking

 HypervolemicEuvolemic

UNa > 20 mEq/L

Give saline Give saline Restrict water Restrict water Restrict water

UNa > 20 mEq/L UNa > 20 mEq/L UNa > 20 mEq/L UNa > 20 mEq/L

FIGURE 4-3. Classifi cation, diagnosis, and treatment of hyponatremic states. ADH, antidiuretic hormone; 
IV, intravenous; RTA, renal tubular acidosis; SIADH, syndrome of inappropriate secretion of antidiuretic 
hormone. From Berry PL, Bel Sha CW: Hyponatremia. Pediatr Clin North Am 37(2):265–286, 1990.
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Hypernatremic dehydration accounts for 5% to 15% of diarrheal dehydration episodes; in such cases, intra-
vascular volume is well maintained despite signifi cant volume losses (caused by shifts of intracellular fl uids into the 
extracellular and intravascular spaces because of the increased sodium concentration). Th is results in fewer clini-
cal signs typical of dehydration (i.e., less tachycardia and more preserved skin elasticity). Often, the skin texture 
in these infants has a “doughy” feeling. Hypernatremia can have signifi cant CNS and metabolic sequelae, both 
acutely and with correction of the hypernatremia. When hypernatremia develops gradually or has been present for 
some time, the cells within the brain begin to generate new osmolar substances (so-called “idiogenic” osmoles, 
mostly amino acids such as taurine); these osmoles help to prevent brain cell shrinkage and possible hemorrhage.

Because of possible neurologic sequelae and the newly formed osmoles, most authorities recommend slow 
rehydration of infants and children with diarrheal hypernatremic dehydration. Some young infants (often with 
poor sucking refl exes or with inexperienced mothers) have developed hypernatremic dehydration with breast-
feeding, and several mothers have been found to produce milk with abnormally high sodium concentrations; 
certainly, incorrect mixing of powdered formulas may also result in hypernatremia. Other conditions may also 
cause hypernatremia (Table 4-14).

 TABLE 4-13

Osmolar Disturbance and Moderate Dehydration—Physical Findings

Symptom/Sign Isonatremia Hyponatremia Hypernatremia

Mental status Lethargic Very lethargic Irritable

Skin texture Dry Moist, clammy Doughy

Heart rate Increased Markedly increased Orthostatic or somewhat 
increased

Blood pressure Normal or orthostatic Low Normal to orthostatic

Capillary refi ll(s) 1.5–3 �3 2–3

 TABLE 4-14

Causes of Hypernatremia
Sodium excess
 Ingestion of seawater
 Excessive parenteral sodium administration
 Improperly mixed infant formula

Water loss or defi cit
 Diabetes insipidus
  Central
  Nephrogenic
 Sweating
 Lack of access to water
 Lack of thirst
 Excessive sweat
 Diabetes mellitus

Water loss in excess of sodium loss
 Diarrhea (all causes)
 Osmotic diuresis
 Obstructive uropathy
 Renal dysplasia
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Acid–Base Considerations

In severe dehydration, which may be accompanied by peripheral circulatory failure, signifi cant metabolic aci-
demia may ensue with a low blood pH (Table 4-15). Nevertheless, correction of the metabolic acidemia in this 
instance does not warrant bolus alkali therapy, but rather, a slower correction of the bicarbonate defi cit. Th e 
bicarbonate defi cit may be estimated as follows:

[HCO
3
� defi cit] � (desired serum HCO

3
�) � (current serum HCO

3
�) � Weight (kg) � V

d

where V
d
 is the volume of distribution of HCO

3
� (0.7 in infants; 0.6 in children and adults). Only one-half to 

two-thirds of the estimated defi cit should be replaced.
Children with signifi cant vomiting (as in pyloric stenosis) may have hypochloremic metabolic alkalosis. 

Th ere is an associated urinary loss of potassium from the distal tubules in an attempt to retain hydrogen ions 
for the correction of the alkalosis. Chloride-containing solutions (5% dextrose plus 0.45% isotonic saline with 
added potassium chloride) are used to repair the fl uid and electrolyte defects in accordance with the degree of 
estimated dehydration. Chloride-responsive metabolic alkalosis (e.g., in excessive loss of hydrogen and chloride 
ions from vomiting, gastric suction, diuretic therapy, and excessive sweat loss from cystic fi brosis) is usually 
characterized by urinary chloride concentrations less than 10 mEq/L. Chloride-resistant metabolic alkalosis (in 
primary or secondary hyperaldosteronism such as in renal artery stenosis) is refl ected by urinary chloride greater 
than 20 mEq/L. Aldosterone increases the amount of hydrogen and potassium ions secreted from the distal 
renal tubules in exchange for sodium reabsorption.

Potassium Considerations

Most patients with diarrheal dehydration require oral rehydration therapy for fl uid and electrolyte correction. 
Virtually all oral rehydration preparations contain at least 20 mEq/L of potassium supplement. Furthermore, 
the advantage of early feeding in diarrheal management includes gradual restoration of potassium balance. 
Even when parenteral fl uid therapy is needed, intravenous replacement of potassium is unnecessary if enteral 
feeding is tolerated and serum potassium is within normal limits. Patients with protracted poor feeding, 
persistent frequent vomiting, or high stool output (�10 mL/kg/h) require 20 to 40 mEq/L of potassium 

 TABLE 4-15

Causes of Metabolic Acidosis
Normal anion gap
 GI loss of bicarbonate
  Diarrhea

Renal loss of bicarbonate
 Renal tubular acidosis
 Renal dysfunction

Ingestion of chloride acids
 Ammonium chloride
 Hyperalimentation

High anion gap
 Lactic acidosis
 Ketoacidosis
 Renal insuffi  ciency
 Rhabdomyolysis
 Ingestions
  Salicylate
  Methanol
  Formaldehyde
  Ethylene glycol
  Paraldehyde

GI, gastrointestinal.
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chloride (potassium acetate may be used if there is an associated metabolic acidosis; acetate is metabolized 
into lactate by the liver) added into the intravenous fl uids, even if the serum potassium level is normal. Th e 
serum potassium level may not refl ect the total body potassium (potassium is largely an intracellular cation); 
this is especially true for patients with failure to thrive or protein–energy malnutrition because of signifi cant 
muscle wasting. Clinicians should add potassium to the intravenous fl uids only after ensuring that urinary 
voiding has occurred.

It is essential to prevent iatrogenic hyperkalemia judiciously, because the danger of lethal cardiac arrhyth-
mia is much greater with elevated serum potassium than with hypokalemia. Lethal arrhythmia is hardly ever 
seen in hypokalemic patients with normal hearts. Patients with rapid-onset severe hypokalemia and those with 
hypokalemia associated with life-threatening symptoms (severe muscle weakness with or without hypoventila-
tion, electrocardiographic [ECG] changes, and cardiac arrhythmia) may require bolus treatment with 0.5 to 
1 mEq/kg/dose given as an infusion over 1 to 3 hours (intravenous rate � 1 mEq/kg/h). Intravenous bolus 
therapy of potassium should occur only in the intensive care unit (ICU) setting with a continuous cardiac moni-
tor as well as frequent measurement of serum potassium (every 30 to 60 minutes).

Patients with chronic hypokalemia require slower correction of the defi cit, and the daily requirement of 
potassium 1 to 2 mEq/kg is given as oral supplements. Th e dose is gradually increased according to the moni-
tored serum level until normal potassium is achieved. Oral supplements can also be used to restore residual 
potassium defi cit after intravenous correction in acute hypokalemia. Several useful oral preparations of potas-
sium that contain sodium, potassium, and bicarbonate are available, including potassium chloride (40 mEq 
potassium � 3 g potassium chloride), potassium gluconate (40 mEq potassium � 9.4 g potassium gluconate), 
potassium phosphate, and citrate (Polycitra).

Renal Function Considerations

Th e most common cause of oliguria (urine output �1 mL/kg/h in infants; �0.5 mL/kg/h in children) is 
 volume defi cit, often secondary to dehydration. Th e resultant renal hypoperfusion may cause prerenal azotemia. 
Delay in treatment not only jeopardizes full recovery of renal function (with a progression to acute tubular 
necrosis) but may also cause damage to other major organs. Th us, aggressive fl uid therapy is warranted in se-
vere dehydration and peripheral circulatory failure. Furthermore, it may be diffi  cult to diff erentiate between 
oliguria secondary to prerenal insuffi  ciency and that due to (intrinsic) acute kidney injury. In the event of 
profound oliguria, it is safer to assume a prerenal insuffi  ciency. It is necessary to give a fl uid challenge with a 
crystalloid infusion using 20 mL/kg isotonic saline or lactated Ringer solution (preferred in diarrheal dehydra-
tion because it provides a bicarbonate supplement) over 30 to 60 minutes. Clinical signs of improved tissue 
perfusion are capillary refi ll greater than 2 seconds; decreased brachial pulse rate; increased blood pressure; and 
most  importantly, enhanced urine output. In patients with altered mental status and those too young to allow 
accurate urine output estimation, urethral catheterization may be necessary. If oligoanuria persists despite one 
or two doses of bolus crystalloid infusion, it is necessary to give intravenous furosemide 2 to 5 mg/kg with a 
repeated fl uid challenge.

In most cases, oligoanuria that persists after three boluses of fl uid therapy (with or without furosemi-
de) may suggest intrinsic renal failure (preferably called acute kidney injury). It is important to ascertain 
that the poor urine output is not due to accumulation of urine in the bladder from lower urinary tract 
obstruction. It is possible to palpate or percuss a distended bladder in the suprapubic region or perform 
catheterization.

Several biochemical parameters may be useful in the diff erentiation between prerenal and acute kidney 
injury (Table 4-16). It is essential to interpret these indices in line with other previously obtained clinical in-
formation. Some parameters are less useful than others, depending on the clinical situation; for example, blood 
urea nitrogen (BUN) is aff ected in hypercatabolic or nutritional defi ciency states. Fractional excretion of sodium 
(FE

Na
) is the most sensitive parameter. Most of the indices are derived on the basis of intact renal tubular con-

centrating capacity in prerenal failure (in contrast to the acute kidney injury). Th us, urinary specifi c gravity and 
osmolality are both elevated in prerenal failure, while urine sodium and FE

Na
 are low.

Pediatric Pearl: It should be noted that a primary glomerular disease (often distinguished 
by clinicobiochemical parameters) without signifi cant tubular involvement may have a con-
centrated urine (low urinary sodium, high specifi c gravity, and urine:plasma osmolality ratio) 
and a low FENa, mimicking prerenal failure.

Pe
by
ce
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Transfer to the ICU is necessary for patients with persistent oligoanuria in spite of seemingly adequate 
fl uid therapy for central line placement and monitoring of central venous pressure. Pressures less than 5 cm H

2
O 

imply persistent hypovolemia; therefore, more fl uid may be necessary. It is necessary to perform a careful search 
for the etiology of the circulatory failure, which may include septicemia (redistributive shock), hypoglycemia, 
and drug poisoning. Pressures more than 10 cm H

2
O suggest inadequate cardiac output in spite of adequate 

preload (cardiogenic shock).
On establishing the diagnosis of acute (intrinsic) kidney injury, oral and parenteral fl uid replacement 

should be limited to insensible water loss and ongoing urine output (as well as fl uid output from other 

 TABLE 4-16

Biochemical Parameters Used to Differentiate Oliguria

Laboratory Test Prerenal Failure Intrinsic Renal Failure SIADH

Urine output Oliguric Oligoanuric/nonoliguric Oliguric

Urine microscopy Often normal Granular/epithelial/RBC casts Normal

Urine sodium 
(mEq/L)

Children and adults �20 �40 �40

Neonates �40 �40 �40

Urine specifi c gravity

 Children and adults �1.020 �1.010 �1.020

 Neonates �1.015 �1.015 �1.020

Urine osmolality 
(mOsm/L)

 Children and adults �500 �350 �500

 Neonates �400 �400 �500

Urine:plasma osmola-
lity ratio

�1.5 �1.5 �2.0

BUN (mg/dL) �20 �10 �15

Creatinine (mg/dL)

 Children and adults �40 �20 �30

 Neonates �20 �15 �20

BUN:creatinine ratio �20 10–20 —

RFI

 Children and adults �1.0 �1.0 �1.0

 Neonates �3.0 �3.0 �1.0

FE
Na

 Children and adults �1.0 �1.0 1.0

 Neonates �2.5 �3.0 1.0

BUN, blood urea nitrogen; FE
Na

, fractional excretion of sodium [(U
Na

 � P
Cr

)/(U
Cr

 � P
Na

) � 100]; RBC, red blood cell; 

RFI, renal failure index (U
Na

 � 100/U
Cr

 � P
Cr

); SIADH, syndrome of inappropriate antidiuretic hormone secretion.
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sources). In most pediatric patients, the daily amount of fl uid required  to maintain a zero balance can be 
calculated as:

M � UOP � ERL � IWL

where M is daily fl uid requirement; UOP is urine output, or the estimated urine output of the previous 
24 hours (electrolyte content may be determined); ERL is extrarenal fl uid loss, or fl uid loss (estimated and 
analyzed for electrolyte composition) replaced accordingly; and IWL is insensible water loss of 400 to 
500 mL/m2/day.

A shorter period of urine collection and measurement (16, 8, or 4 hours) may be chosen for determination 
of a more physiologic fl uid replacement. Th e smaller time interval should be used for younger patients (espe-
cially neonates) in view of a high fl uid turnover rate.

Adequacy of fl uid therapy is monitored by a strict input–output analysis, daily weight, physical assessment, 
and serum sodium concentration. Most patients have a daily weight loss of 0.5% to 1% due to a high catabolic 
activity or inadequate calorie intake. In patients with a stable sodium consumption, hyponatremia in the face of 
oliguria may refl ect a positive fl uid balance, whereas hypernatremia signifi es fl uid defi cit. Dilutional anemia may 
also indicate overhydration.

Approach to Parenteral Therapy in Dehydrated Infants or Children
Phases of fl uid therapy in children are often described and provide a useful framework for organizing fl uid 
therapy and (importantly) following the results of the therapy.

Phase 1

Th e aim of the fi rst phase of therapy is restoration of the circulating intravascular volume in children with 
 severe dehydration and peripheral circulatory failure (shock). If an infant or child has a history of volume 
defi cit and is severely dehydrated or has signs of shock, rapid intravenous infusion of a volume-expanding 
agent at 20 mL/kg body weight is appropriate. (Usually this agent is isotonic saline, although lactated Ringer or 
5% albumin may be used.) Continuous monitoring during this therapy is necessary, and intensive nursing and 
medical support are required. After the infusion, repeat evaluation of vital signs and physical examination are 
essential, and it is necessary to repeat the “bolus” of isotonic saline until cardiovascular stability (i.e., improved 
capillary refi ll, lower heart rate, higher blood pressure, improved mental status) ensues. Typically, between one 
and three such infusions are necessary.

Children in hypovolemic shock should not receive inotropic agents unless restoration of the intravas-
cular volume fails to improve cardiac output. Although commonly practiced in the ICU setting, there is no 
clinical benefi t from using low-dose dopamine to maintain urine output. Assessment of serum electrolytes, 
urea nitrogen, and creatinine should occur prior to fl uid therapy because these help guide the subsequent 
phases of fl uid therapy. Children with dehydration but no evidence of shock do not require “bolus” fl uid 
therapy, and phase 1 can be eliminated. Many physicians recommend subtracting the initial fl uid boluses 
given to the infant from the maintenance and defi cit fl uids calculated for the initial 24 hours; this is optional 
and depends on the individual patient.

Phase 2

Phase 2 in fl uid replacement therapy requires attention to several components of fl uid therapy as discussed pre-
viously (see Methods for Estimating Maintenance Fluid Needs). All children need maintenance fl uid, and for 
children with isonatremic or hyponatremic dehydration, maintenance fl uids should be calculated as described 
previously. Maintenance therapy for children with hypertonic dehydration is described in the following section. 
In addition to maintenance fl uids, replacement of losses from ongoing diarrhea, vomitus, or nasogastric secre-
tions is essential. Accurate replacement involves measurement of the electrolyte content of these body fl uids 
in the clinical laboratory, volume measurement at the bedside, and administration of appropriate replacement 
fl uids. Table 4-9 gives typical values for these ongoing losses, which can be used as guidelines. If these ongoing 
losses are signifi cant, frequent replacement (every 1 to 2 hours) is necessary; for less severe losses, less frequent 
replacement may be appropriate.

Defi cit therapy (replacement of previously lost fl uids) can be calculated in several ways for children with 
isonatremic or hyponatremic dehydration. If accurate and recent preillness body weight is known, then the 

770309_Ch_04.indd   107770309_Ch_04.indd   107 5/6/11   12:37:33 PM5/6/11   12:37:33 PM



108   SECTION I ■ GENERAL PEDIATRIC PRACTICE

amount of fl uid needed to be replaced (as defi cit) is simply the preillness weight minus the current weight (in 
kilograms). A body weight that decreases by 1 kg from diarrheal fl uid loss requires 1 L of fl uid replacement 
(1 L of water weighs 1 kg). It is essential to give this and other defi cit replacements in addition to “regular” 
maintenance fl uids and replacement of ongoing losses.

If preillness weights are not available, it is possible to estimate the percentage dehydration by using the 
physical examination criteria listed in Table 4-11. Th e preillness weight may be “back-calculated” according to 
the following formula:

�   
(preillness weight in kilograms)

   __________________________   
Current weight in kilograms

   �   100 __________________  
100 � % dehydration

  

Th e amount of fl uid lost in the acute dehydration episode that should be replaced is then estimated as 
x (preillness weight) minus the current weight, which equals the volume of fl uid to be replaced. Alterna-
tively, the amount of fl uid defi cit can be estimated in infants based on the percent dehydration, as outlined 
in Tables 4-11 and 4-12. Table 4-12 also gives proportional electrolyte replacement needs for children with 
isotonic dehydration.

Fluid Calculations in Isonatremic Dehydration

CASE 4-3
A male infant is seen in the emergency department because of diarrhea, decreased oral fl uid intake, and ir-
ritability. The boy’s weight at present is 8.1 kg; his mucous membranes are dry, and no tears are present when 
he cries. Parents report that the last urine output was about 12 hours prior to the emergency department visit. 
Blood pressure is 86/45 mm Hg, heart rate is 152 beats/min, capillary refi ll is 3 seconds, and skin elasticity is 
slow to retract. Based on these fi ndings, you estimate the child to be 10% dehydrated and in need of urgent 
fl uid resuscitation.

Question 4.3.1
What are the fi rst steps in this child’s rehydration therapy?

Answer 4.3.1
The fi rst step involves obtaining vascular access and serum electrolytes. The second step involves giving 20 mL/
kg body weight of isotonic saline and reassessing the child. The amount of isotonic saline is 20 mL/kg multi-
plied by 8.1 kg, or 162 mL; it should be given as quickly as possible (usually over 10–20 minutes).

The child responds to the fl uid challenge with a decrease in heart rate to 115 beats/min and improved 
capillary refi ll of 2 seconds; and urine output, although scant, is obtained and is concentrated, with a spe-
cifi c gravity of greater than 1.035. The child’s serum sodium is 135 mEq/L.

Question 4.3.2
Now that the child is more stable, how would you proceed with the fl uid therapy?

Answer 4.3.2
Because the child now weighs 8.1 kg and you have determined that he is 10% dehydrated, the preillness 
weight can be calculated accordingly:

  � ______ 
8.1 kg

   �   100 ____ 
100

   � 10? (preillness weight) � 9 kg

Therefore, the amount of fl uid lost (defi cit fl uid) is 9 kg minus 8.1 kg, which equals 0.9 kg (or, in fl uid, 
0.9 L or 900 mL). The amount of sodium and potassium in the defi cit fl uids is outlined in Table 4-12; here, 
the amount of sodium that should be given in the 900 mL of defi cit fl uid is 72 mEq. Maintenance fl uids 
need to be given; 9 kg multiplied by 100 kcal (mL) equals 900 mL, with 22.5 mEq of sodium (see Table 4-6; 
9 � 2.5 mEq sodium per 100 calories metabolized) for 24 hours.

The total 24-hour fl uid estimation is then 900 mL (defi cit) plus 900 mL (maintenance), which equals 1,800 
mL/24 h (as mentioned, you may “subtract” the initial fl uid bolus given, which reduces the 24-hour infusion 
volume to 1,638 mL). The total sodium content is 72 mEq (defi cit) plus 22.5 mEq (maintenance), which equals 
94.5 mEq of sodium per day. A 1-liter container of 5% dextrose, with 54 mEq sodium chloride added, set to 
infuse at 75 mL/h, gives 1,800 mL of fl uid over 24 hours, with the required sodium defi cit and maintenance 
(or run at 68 mL/h to give the total infusion minus the initial bolus therapy). This is approximately “5% dex-
trose with one-third normal saline,” with potassium added to the intravenous solution after urinary voiding 
has been established.
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Fluid Calculations in Hyponatremic Dehydration
As mentioned previously, children with hyponatremia often appear more ill than isonatremic children with 
similar volume defi cits. Th e procedure for calculating the amount of fl uid to be given is the same as described 
previously (see Methods for Estimating Maintenance Fluid Needs); in fact, the only diff erence is that more 
sodium is given. It is necessary to approach children as if they have an isonatremic dehydration requiring re-
placement of the fl uid defi cit. Maintenance fl uid and sodium requirements are outlined in Tables 4-6 and 4-12. 
Th e sodium defi cit may be estimated using the following equation:

(Desired [Na] � observed [Na]) � weight (kg) � 0.6 (volume of distribution of Na)

It is recommended not to raise the serum sodium concentration more than 10 to 15 mEq/day to avoid neu-
rologic complications such as seizures and pontine demyelination. Hyponatremia presenting with neurologic 
manifestations requires rapid correction with 3% sodium chloride not to exceed 1 to 2 mEq/L/h.

CASE 4-4
A previously healthy female infant who weighed 10 kg on a well-child evaluation during the previous week 
has had diarrhea with some vomiting for several days. On evaluation in the pediatric emergency department, 
she weighs 9 kg; in addition, she has sunken eyes, a capillary refi ll of 4 seconds, and dry mucous membranes. 
She is sleepy and lethargic. Blood pressure is 55/38 mm Hg with a heart rate of 160 beats/min. Laboratory 
studies indicate a sodium of 125 mEq/L, potassium of 3.8 mEq/L, chloride of 115 mEq/L, and bicarbonate of 
9 mEq/L. Serum urea nitrogen is 32 mg/dL, and creatinine is 0.7 mg/dL.

Question 4.4.1
Should this child receive emergency fl uid resuscitation?

Answer 4.4.1
The prolonged capillary refi ll and depressed mental status of this child, along with the clinical history, indicate 
signifi cant hypovolemia and warrant emergency resuscitation. This child should receive 20 mL/kg body weight 
of isotonic saline (or lactated Ringer solution) rapidly (over 10 to 20 minutes); this should be repeated if the 
response is not suffi cient.

Question 4.4.2
If a single infusion of isotonic saline of 20 mL/kg reduces capillary refi ll to 2 seconds, increases blood pressure to 
90/48 mm Hg, and decreases heart rate to 124 beats/min, what would the fl uid and electrolyte requirements be?

Answer 4.4.2
The maintenance fl uid requirement for a child weighing 10 kg is 1,000 mL/day, and the maintenance sodium 
requirement is 25 mEq/day (2.5 mEq/100 kcal metabolized). Because 1 kg or 1,000 mL of fl uid have been lost 
(in a child who is 10% dehydrated), the fl uid defi cit is 1,000 mL. Proportional sodium losses (as in isonatremic 
dehydration) are given in Table 4-12; there are 80 mEq of sodium (8 mEq of sodium/kg body weight in a child 
with 10% dehydration). Additional sodium losses are calculated based on the sodium defi cit formula:

(Desired Na � current Na) � weight (kg) � 0.6 � Na defi cit

Body weight (kg) multiplied by 0.6 is the commonly used formula for extracellular fl uid volume of distribution 
for ions such as sodium. In this case, the sodium defi cit is:

(135 � 125) � 10 � 0.6 � 60 mEq Na

The total 24-hour fl uid requirement is then 1,000 mL (maintenance) plus 1,000 mL (defi cit) or 2,000 mL, and 
the total sodium requirement is 25 mEq (maintenance) plus 80 mEq (proportional losses) plus 60 mEq (sodium 
defi cit) or 165 mEq sodium. This child could receive 2,000 mL of 5% dextrose over 24 hours in a solution that 
provides 165 mEq of sodium in that volume. The fi nal 1-liter intravenous fl uid container could include 5% 
dextrose with 82.5 mEq/L sodium, infused at a rate of 84 mL/h.

An alternative is to give one-half of this defi cit–maintenance solution in the fi rst 8 hours (900 mL in 
8 hours � 112 mL/h) and the remainder over the ensuing 16 hours (900 mL in 16 hours � 56 mL/h), as-
suming there are no signifi cant ongoing losses. This solution is very close to the commercially available 5% 
dextrose with one-half “normal saline.” Potassium should be added to the intravenous fl uids after urinary 
voiding is observed, usually at 20 to 40 mEq/L.

When an infant or child requires parenteral fl uid administration, every effort should be made to resume enteral 
feedings as soon as possible. Often, the fl uid bolus or fi rst few hours of parenteral fl uids are all that is necessary. The 
important point to remember is that these fl uid calculations are at best estimates of fl uid and electrolyte require-
ments, and frequent reassessment of physical examination, vital signs, and blood chemistries is imperative.
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Fluid Calculations in Hypernatremic Dehydration
Causes of hypernatremia are listed in Table 4-14. Children with diarrheal dehydration and hypernatremia have 
lost both water and sodium from the body, but the water loss is proportionally less than the sodium loss. Because 
many children have diarrheal stools with sodium contents of between 30 and 60 mEq/L, loss of this hypotonic 
(relative to the extracellular fl uid) diarrhea without adequate enteral replacement of hypotonic fl uids can result 
in hypernatremic dehydration. With hypernatremic dehydration, it remains reasonable to replace volume defi -
cits slowly and to adjust maintenance fl uid requirements, as described in Case 4-5.

CASE 4-5
An infant boy with a recent weight of 10 kg has diarrhea and occasional vomiting and refuses all attempts at 
feeding. He is becoming more irritable, and now has a somewhat high-pitched cry. His skin has a “doughy” feel, 
the mucous membranes are dry, and muscle tone is somewhat increased. Capillary refi ll is slightly less than 2 
seconds, blood pressure and heart rate are normal, and weight is now 9 kg. Blood pressure is 98/60 mm Hg, 
and heart rate is 122 beats/min. The urine output for the last 24 hours has been minimal. Serum electrolytes 
demonstrate a sodium level of 165 mEq/L. 

Question 4.5.1
Will this child require emergency fl uids?

Answer 4.5.1
This child is certainly dehydrated, with dry mucous membranes, altered mental status, and decreased urine out-
put. However, capillary refi ll is not signifi cantly prolonged, and blood pressure and heart rate are normal. Some 
physicians would opt for treatment with 10 to 20 mL/kg body weight of isotonic saline because of the low urine 
output. Because of the high serum sodium (and concomitantly high levels of antidiuretic hormone in response 
to the ensuing increase in osmolality), however, urine output is obligatorily low. The child may benefi t from 
bolus infusion, but with this clinical scenario it is not mandatory.

Question 4.5.2
Assume that the attending physician did not want to give a bolus infusion but asks you to calculate maintenance 
and defi cit replacement therapy for fl uids and electrolytes. How would you do this for a child with hypernatremia?

Answer 4.5.2
Modifi cations in maintenance and defi cit replacement fl uids and electrolytes are required for children with 
hypernatremia. When the components of maintenance fl uids were described earlier (see Methods for Estimat-
ing Maintenance Fluid Needs), the major components were insensible body losses (respiratory and skin) and an 
allowance for urine output that is reasonable to excrete waste products but not force the kidney to maximally 
concentrate or maximally dilute the urine. In hypernatremic dehydration with hyperosmolality and a maximal 
secretion of antidiuretic hormone, urine output is obligatorily small. It is therefore reasonable to allow 65 to 70 
mL (rather than 100 mL)/100 kcal metabolized as daily maintenance fl uids and an additional 30 to 35 mL/100 
calories metabolized as defi cit replacement. The total amount of fl uid to be given would then be 100 mL/100 
calories metabolized per day (which in “normal” situations are maintenance requirements). The sodium con-
tent of the intravenous fl uids should be small (0.2% to 0.3% isotonic saline).

It is essential that this volume be given at a uniform rate over a 48-hour period with no bolus or in-
creased volume in the fi rst 48 hours. The danger with too rapid expansion of the extracellular volume with 
too dilute a solution is that it may lead to a precipitous drop in the serum sodium and too rapid fl uid shifts 
intracellularly. Seizures and cerebral edema could result.

A prospective study compared the use of hypotonic dextrose and saline (5% dextrose with 0.2% iso-
tonic saline) at 100 mL/kg (estimated rehydrated) body weight per day with 5% dextrose and 0.2% iso-
tonic saline given faster (150 mL/kg/day) and 5% dextrose with 0.45 normal saline given faster (150 mL/kg 
/day). Children given the fl uids more rapidly and with more sodium had a signifi cantly higher complication 
rate, with more seizure episodes during treatment and more edema. Those given hypotonic saline more 
slowly had more controlled resolution of their hypernatremia with fewer adverse effects.

Children treated for hypernatremia require very close monitoring of their body weight, urine output, 
serum glucose, and calcium levels. Hypocalcemia may require intravenous calcium replacement. In addition, 
hyperglycemia may require reducing the dextrose concentration to 2.5% rather than the usual 5%. Most 
physicians report that a sodium reduction of 0.5 mEq/L/h or between 10 and 15 mEq/L/day are reasonable 
goals. Serum electrolytes should be obtained frequently (every 2 to 8 hours, depending on the original 
sodium concentration, the severity of clinical illness, and the response to fl uid therapy). It should also be 
remembered that urine output will be quite low until serum sodium levels are near the normal range, and 
that urine output alone is not an adequate tool to monitor effi cacy of therapy.

770309_Ch_04.indd   110770309_Ch_04.indd   110 5/6/11   12:37:33 PM5/6/11   12:37:33 PM



CHAPTER 4 ■ PRINCIPLES OF PEDIATRIC NUTRITION, FLUIDS, AND ELECTROLYTES    111

Approach to the Use of Oral Rehydration Solution
Oral rehydration solution (ORS) is necessary in all children with diarrhea or vomiting, except in conditions such 
as peripheral circulatory failure, frequent and persistent vomiting, and serious illness with or without altered 
mental status (Table 4-17). Early initiation of ORS may prevent dehydration in most patients. On initial contact 
with the patients, it is necessary to perform a goal-oriented history and physical examination. Assessment of 
 dehydration status should be assessed based on suggested clinical parameters (see Table 4-11). Th e most sensitive 
of these parameters include loss of skin turgor, dry oral mucosa, sunken eyeballs, and altered mental status. Th e 
degree of dehydration can be estimated more accurately if the premorbid weight is known.

It is necessary to administer ORS to correct the calculated fl uid defi cit plus the maintenance and the 
ongoing fl uid loss over 4 to 6 hours. Estimates of ongoing fl uid loss for every diarrheal stool output are 50 to 
100 mL and 100 to 200 mL for children younger than 2 years of age and older than 2 years of age, respectively. 
Alternatively, it is possible to weigh or quantify every stool output as 10 mL/kg body weight.

After 4 to 6 hours of rehydration, reassessment is appropriate. If the child is still dehydrated, it is necessary 
to administer a newly reestimated fl uid requirement once again. Cycles continue until rehydration is adequate. 
Th ereafter, ORS is given as the calculated maintenance requirement plus the ongoing fl uid requirement.

For example, a 10-kg infant with a 10% weight loss following an acute onset of diarrhea that occurs every 
3 hours would require a specifi c amount of ORS in the initial 6 hours based on the following calculations:

 Fluid defi cit � 10 kg � 10%
 � 1,000 mL ORS
Maintenance requirement � 100 mL/kg/24 h (fi rst 10 kg)
 � 25 mL/kg/6 h � 250 mL ORS
 Ongoing loss � 2 stools in 6 hours (10 mL/kg/stool)
 � 200 mL ORS

 TABLE 4-17

Guidelines for Oral Rehydration Therapy
Patient Eligibility

 All ages

 Any cause of dehydration

 Avoid with shock or near-shock, intractable vomiting, or altered mental status

Method

Estimate fl uid defi cit based on previous weight (if known) and percent dehydration (see Table 4-11).

Use rehydration solution with glucose content of 2.0–2.5 g/dL and sodium content of 60–75 mEq/L.

Give 6–8 hours of maintenance volume plus defi cit fl uid volume.

If stool losses continue, replace with rehydration formula.

After rehydration, reassess. If patient is still dehydrated, estimate defi cit fl uid, add maintenance 
fl uids, and give over 6–8 hours.

Continue breast-feeding.

If rehydration is successful, change to maintenance formula.

Do not use rehydration solution for more than 4–12 hours.

If patient is hypernatremic, give replacement fl uids over 24 hours.

For maintenance phase:
 Use solution with glucose of 2.0–2.5 g/dL and sodium of 40–60 mEq/L.
 Give as tolerated, making sure enough is taken to supply maintenance needs and ongoing losses.
  Off er half-strength formula within 24 hours after starting rehydration therapy; advance to full strength 

within 24 hours.
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Th erefore, the total amount of ORS required in the fi rst 6 hours equals 1450 mL. On reassessment, the 
patient is well hydrated, and the diarrheal stool subsided after three bowel movements in the next 12 hours. 
Th erefore, the “maintenance” and “ongoing” fl uid replacement needed would approximate 500 and 300 mL, 
respectively. ORS can be given by spoon, cup, or bottle.

Maintenance ORS (next 12 hour) � 25 mL/kg/12 h
 � 500 mL
 Estimate of ongoing loss � 3 stools/12 h (10 mL/kg/stool)
 � 300 mL

Summary of Pediatric Fluid Therapy
Th e calculation of fl uid requirements for dehydrated children can be complex, so a “decision tree” approach 

has been developed that works very well for children with moderate dehydration (Figure 4-4). Once the clini-
cian has decided what fl uids are necessary and has implemented administration, frequent physical examinations, 
vital signs (especially body weight), and certain “follow-up” laboratory parameters help ensure the achievement 
of the therapeutic goals of safe restoration of body fl uid status and resumption of enteral alimentation.
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Behavioral Pediatrics
Martin T. Stein

Attention to the behavior of children at each pediatric encounter is important for both clinicians and parents. Cli-
nicians observe behavior as a way to determine severity of a physical illness (e.g., irritability or absence of a social 
smile in a febrile infant as a clue to sepsis) and to assess for specifi c behavioral condition (e.g., poor eye contact and 
lack of reciprocal social interactions in a child with an autistic spectrum disorder). Behavioral interactions between 
child and parent are also important observations. Th e manner in which a mother holds, feeds, and interacts with 
an infant may be a clue to the quality of early attachment. Excessive verbal abuse during an offi  ce visit may be a 
clue to inappropriate child rearing practices. From a primary prevention perspective, an observation of a child’s 
behavior and the parent–child interactions as appropriate for age may be an opportunity to provide parents with 
positive feedback about the quality of their parenting. Th is technique is especially useful when a positive behavior 
is observed and the clinician comments simultaneously on the observation. Making use of behavior in this way 
strengthens the therapeutic alliance between physician and parent and enhances parental self-esteem.

Behavior and neurodevelopment are intertwined. Th e emergence of specifi c milestones of motor, language, 
and social development at each stage of development (see development, Chapter 2) is associated with a wide vari-
ety of diff erent behaviors. As the brain matures in specifi c areas at a predetermined rate, skills develop that orga-
nize behavioral patterns. When an infant learns to sit without support and reach out for an object at 6 months of 
age, she can interact with her surroundings actively through exploratory learning with both people and inanimate 
objects. She becomes a “scientist in the crib” as she learns from successes and mishaps. Th ese motor and cognitive 
skills impact on her behavior with parents and other caretakers. In the second year of life, new neurologic skills 
(walking, language, self-feeding, and eventually toilet training) refl ect a growing inner sense of independence and 
autonomy. Although she is still dependent on her parents for nutrition, safety, and language stimulation, the tod-
dler learns to master those neurologic milestones that add up to independence—a major shift from the dependant 
state of infancy. Th e predictable confl icts between autonomy and an earlier dependency are a major contributor to 
toddler temper tantrums. Th e response of parents to those tantrums shapes the child’s behavior patterns.

Knowledge about the variations in normal behavior at each developmental stage during childhood and 
adolescence is a critical part of all clinical assessments. An example of this process occurs when a clinician dif-
ferentiates normal and predictable fears and worries from anxiety disorders (Table 5-1). Understanding normal 
fears and worries begins the process of deciding whether a signifi cant problem exists. Another example is bed-
wetting, which is a behavior that is a refl ection of maturation of the detrusser muscle, disordered sleep, or a small 
bladder capacity: at 3 years, about 75% of children wet their bed; at 5 years, 15% to 20%; at 8 years, 7%; and 
at 12 years, 2% to 3%. Bed-wetting is therefore normal before 6 years; when it persists into the eighth year, an 
evaluation for primary nocturnal enuresis is initiated.

BEHAVIORS, GENES, AND THE ENVIRONMENT
Behavior in children is an outgrowth of genes and environmental experience. A prominent principle in contem-
porary molecular biology is the idea that genes require an environment for expression. Th is process begins in fetal 
life. Healthy maturation of the fetal brain is dependent on adequate maternal nutrition; it is adversely aff ected 
by genetically mediated maternal illness (e.g., hypertension, diabetes) and environmental toxins (e.g., smoking 
alcohol, substance abuse, some prescription medications). Hypertension during pregnancy may  result in a baby 
who is small in size for gestational age; these babies may be irritable and diffi  cult to soothe, with  signifi cant 
feeding problems. Exposure to cocaine, amphetamine, and alcohol may also be associated with  irritability after 
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birth. It is important to recognize the neurobiologic and social/environmental infl uences on behavior during 
childhood (Table 5-2).

TEMPERAMENT
Variations in behavior are a refl ection of a child’s temperament. Understanding a child’s temperament can be 
a useful tool in giving meaning to behavior. Temperament is a biologic trait that refers to the manner in which 
a child responds to new stimuli in the environment. It is an individual’s way of responding to the environment 
based on diff erences in emotional reactivity, activity level, attention, and self-regulation that appear consistently 
across situations and are relatively stable over time. About 10% of babies are classifi ed as temperamentally “easy” 
(i.e., maintain regular routines, are cheerful, and easily acceptable to others); 10% as “diffi  cult” (i.e., are irregular, 
slow to accept change, and tend to respond negatively); 15% as “slow to warm up” (i.e., are mild, inactive, slow to 
respond, and have a neutral mood); and 35% with a mixture of temperament characteristics.

It is clinically useful to separate temperament (biologic and “hardwired”) from environmental infl uences 
on behavior. Temperament cannot be changed but can be adapted to, whereas environmentally driven behaviors 
often respond to behavioral modifi cations. A discussion about temperament (and any inconsistency between the 
child and a parent’s temperament) is often helpful when counseling parents about diffi  cult behaviors.

 TABLE 5-1

Anxiety in Children: A Developmental Perspective of Normal Fears
Infancy: Separation anxiety
Toddler: Fear of monsters
Preschool: Fear of the dark; bodily harm
School age: Fear of disapproval, animals, natural environment
Adolescence: Fears related to identity, independence, and social acceptance

 TABLE 5-2

Neurobiologic and Environmental Mediators of Behavior in Children

Neurobiologic Environmental

Genetic conditions Rearing practices

 Inherited temperament  Method of discipline

 Inherited cognitive potential  Type of emotional climate

 Genetically transmitted disorders  Consistency and structure

Prenatally or perinatally acquired conditions Family environment

 Congenital infections of the brain  Clothing, shelter, food

 Drug or alcohol eff ects  Health care

 Birth injuries  Presence of abuse or neglect

Postnatally acquired conditions  Relationships with parents and sibling

 Injuries to the brain Community environment

 Diseases aff ecting the brain  Culture

 Endocrine disorders  War, famine

 Exogenous toxins such as lead  Natural disaster
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A BEHAVIORAL HISTORY
One of the most eff ective questions to ask a parent is, “Do you have any concerns about your child’s behavior?” 
A brief pause following the question is often followed by an expression of a concern. A behavioral history 
may then assess the details of the concern (when it occurs in relationship to specifi c activities), duration, 
eff ects on other aspects of development (including family and peers), and past treatments. A guide to an 
eff ective behavioral history uses the same principles of clinical interviewing as in other aspects of medicine 
(Table 5-3). Allowing a parent or child to tell his personal story not only provides the information necessary 
for an assessment, but is also therapeutic for children and parents. Th e process of active listening by a clinician 
builds on the trust of the relationship. As a complement to the behavioral interview, the Pediatric Symptom 
Checklist is an eff ective behavioral screening questionnaire for children and youth between 4 and 16 years 
old (see Chapter 2).

COMMON PEDIATRIC BEHAVIOR CONDITIONS

Infant Colic
All babies cry! When crying is more intense and of longer duration in the fi rst 3 months life, it is called “infant 
colic.” Colic in these infants is a more severe form of the diurnal behavior seen in most babies in whom crying 
is longer and more intense in the late afternoon and evening. Th e characteristics of infant colic are outlined in 
Table 5-4. Crying may be associated with many physical conditions as a result of pain, infl ammation, or ob-
struction. A complete history and physical examination usually reveals a physical cause that is present in a small 
number of colicky infants. When the medical examination is negative and the behavior fi ts the pattern of infant 
colic, the clinician has an opportunity to describe to the parents the characteristics of this common, self-limiting 
condition. Teaching soothing techniques (e.g., use of a pacifi er, gentle swinging in arms, and use of a cloth baby 
carrier) may relieve some of the crying. Formula changes are rarely helpful; eliminating cow’s milk in the diet 
of a nursing mother decreases crying in some colicky infants. Careful education directed to the parents relieves 
guilt when it is given empathically and with a clear statement that the baby is healthy in all other ways. Most 

 TABLE 5-3

A Guide to Clinical Interviewing
Open and closed questions: Open-ended questions (“How is your baby doing?” or “What do you like 
about your baby?”) encourage spontaneous, less structured responses than close-ended questions. Th ey 
allow parents to express their concerns and an “explanatory model” of a problem or illness. Too many 
close-ended questions, especially early in an interview, inhibit spontaneity and assessment of the parent’s 
agenda for the visit.

Pauses and silent periods: Pauses provide time for the parent or child to collect thoughts and express 
feelings at moments when stressful or when sad feelings emerge during an interview. Th is conveys the 
message that the clinician cares enough to take the extra time.

Repetition of important phrases: Repeating or interpreting a statement made by patient or a nonverbal 
observation often encourages further clarifi cation and exploration.

Active listening: Most interviewing mistakes are due to too much talking by the clinician. Active  listening 
is the process of giving undivided attention to a patient’s words and body language. Th e empathic 
 clinician practices active listening through her facial expressions, posture, hand movements, and head 
nodding. It is a skill that can be learned.

Transference: On some occasions, a parent (or older child) may experience the pediatrician as someone 
who is symbolically and psychologically identifi ed with another important person (a mother, father, 
other relative, or person) in his or her life. Th e symbolic attachment is experienced at the time of deep 
 emotional expression (e.g., joy, relief, anger, grief, or disappointment). Recognition of the transference 
process guides a clinician’s insight and responses.
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parents with a colicky baby benefi t from additional social support that permits periodic breaks from child care. 
Th ese measures are often necessary as persistent crying may lead to feelings of inadequacy about parenting, guilt, 
and a lingering sense that the child is fragile and vulnerable to physical illness.

Temper Tantrums
Temper tantrums, especially in the 1- to 3-year-old toddler period, are common. At this time in development, 
they often refl ect frustration with emerging psychological independence as a result of new motor and language 
skills. Yelling, hitting, and saying “no” are frequent symptoms. Most oppositional behaviors respond to behavior 
management—reinforcing positive behaviors (“catching them at being good”), expectations for appropriate be-
haviors, and consequences for negative behaviors. Beyond the toddler period, temper tantrums require a careful 
history to assess for possible stress in the home, at school, or with peers. A complete physical (including neuro-
logic) examination should be performed to rule out an occasional organic process.

Recurrent Abdominal Pain
Frequent episodes of abdominal pain occur in as many as 15% of school-age children; an organic cause is found in 
less than 10% of these patients. Th e pain is typically in the periumbilical area without nausea, vomiting, or change 
in bowel pattern. Anorexia, fever, weight loss, and other symptoms are not present. Th e most common behavioral 
causes are environmental stressors (e.g., a bully in school, family confl icts, or academic stress) and undetected 
anxiety disorders. Th e process of taking a careful history (letting the child and parent tell her story) and com-
pleting a physical examination (while narrating the negative fi ndings) is often therapeutic. When a signifi cant 
environmental stress or anxiety is detected, counseling (including education about the mind–body interactions 
and stress reduction and relaxation exercises) is often helpful. More severe anxiety may require a referral.

Attention-Defi cit/Hyperactivity Disorder
Attention-defi cit/hyperactivity disorder (ADHD) is the most frequently seen neurobehavioral disorder in 
school-age children. Core symptoms of hyperactivity, impulsivity, and inattention occur in 7% to 8% of children 
associated with impairments in academic achievement and/or social skills maturation. In addition, over half 
of school-age children with ADHD have coexisting conditions, including learning disabilities (e.g., dyslexia 
in which the acquisition of reading fl uency and comprehension is delayed in the presence of normal general 
 intelligence) and mental health disorders. Anxiety disorders and oppositional behavior disorder often accom-
pany ADHD.

A diagnosis of ADHD is made by careful ascertainment of behaviors from parents and teachers; symptoms 
must occur in both environments. When core behaviors are found only at home or only at school, situational 

 TABLE 5-4

Characteristics of Infant Colic
Episodes of crying lasting more than 3 hours a day, more than 3 days a week, for more than 3 weeks 
(Wessel’s “rule of 3”)

A pattern of crying more intense and more frequent than the normal crying in most infants in the 
fi rst 3 months of life

Occurs in 10%–15% of infants

Normal physical growth

Starts in second week and resolves at the end of third month

Typically crying in late afternoon and early evening

Crying peaks at 6 weeks of age

Occurs in both breast-fed and bottle-fed babies; equally in boys and girls

Seen in all cultures
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stressors in one environment or the other are evaluated. Th e treatment of ADHD involves education of the 
patient and parents about ADHD, a discussion of therapeutic options, and a well-designed offi  ce-based follow-
up system. Evidence-based treatments include behavioral management and medication. Stimulant medications 
(methylphenidate and amphetamine), atomoxitine, and guanfacine have been shown to ameliorate ADHD 
behaviors in at least 70% of school-age children and adolescents. Treatment with these medications requires 
careful monitoring for benefi ts and side eff ects (especially anorexia and weight loss). Classroom and home 
accommodations are often helpful (e.g., placing the child in the front of the room close to the teacher, provid-
ing smaller assignments, and fi nding a quiet place in the home for homework). Th e appropriate diagnosis and 
treatment often leads to improved educational achievement and more eff ective social interactions with parents, 
peers, and teachers.

Sleep Problems
Dysfunctional sleep patterns are common in childhood and adolescents. Delayed sleep onset (insomnia), fre-
quent nighttime awakening, nightmares (frightening dreams during rapid eye movement [REM] sleep), night 
terrors (awakening in an inconsolable state of screaming and thrashing during non-REM sleep), somnambulism 
(sleepwalking), and persistent bed-wetting after 8 years of age (primary nocturnal enuresis) are among the com-
mon forms of sleep disturbances seen in children.

Sleep problems benefi t from a proper diagnosis because, if left untreated, they limit the required physi-
ologic rest period that enables healthy daytime physical and cognitive activities. Sleep-deprived infants and 
toddlers may be irritable during the day, may feed with diffi  culty, and may be an enormous challenge to eff ec-
tive parenting (at night and during the waking hours). A sleep problem in a school-age child may be associated 
with inattention in the classroom, poor social relationships, and underachievement. Some sleep problems are 
secondary to physical disorders (e.g., common conditions such as asthma, medications, obstructive sleep apnea, 
or uncommon conditions such as a brain tumor and nocturnal epilepsy). A standard complete medical history 
and physical examination will usually detect these problems.

For many sleep problems, counseling about appropriate sleep hygiene before bedtime is helpful. Infants 
should be placed in the crib prior to falling asleep during a feeding; in this way, when they experience normal 
periods of nighttime awakening, they will not have a sleep-awakening association (i.e., mother’s breast milk 
or a formula bottle) that prevents them from going back to sleep. Older children benefi t from a quiet envi-
ronment at bedtime (e.g., no TV in the bedroom, no loud music, reading with only a night-light). School-age 
children may benefi t from a progressive relaxation technique that simultaneously relaxes the mind and body. 
Psychosocial stress at school or in the home must be ascertained and addressed as a potential source of an ab-
normal sleep pattern. Sleep matters! It is essential to include a sleep history when evaluating most behavioral 
problems in children.

ANXIETY DISORDER AND DEPRESSION
Anxiety refers to excessive fears and worries that are more chronic, intense, and impairing compared to the nor-
mal fears and worries at diff erent stages of development (see Table 5-1). Anxiety disorders in children include 
social anxiety, separation anxiety (persisting after 2 years old), selective mutism, obsessive–compulsive disorder, 
phobias (including school refusal), and panic disorder. Th e prevalence for anxiety disorders is 8% to 9% at some 
time during childhood and adolescence; a family history for anxiety is often present. Children and youth who 
respond positively to the following questions may manifest an anxiety disorder:

• I get really frightened for no reason at all.
• I am afraid to be alone in the house.
• People tell me that I worry too much.
• I am scared to go to school.
• I am shy.

Children with anxiety disorders often present to their doctor with physical symptoms (Table 5-5). Mild-to-
moderate anxiety often responds to education, supportive care, and follow-up offi  ce visits. Evidence-based 
treatments, including cognitive-behavioral therapy and/or a serotonin reuptake inhibitor, are eff ective for 
moderate-to-severe anxiety disorders.

Depression is a mood disorder that usually presents as sadness, irritability, or boredom. Depressed children 
may feel a sense of hopelessness, worthlessness, or guilt. Eff ective screening questions for depression (adjusted 
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for the age of the child) include, “Do you feel sad or lonely most of the time? Do you blame yourself unneces-
sarily when things go wrong? Have you been able to laugh and see the funny side of things?”

Depression may be associated with somatic symptoms (e.g., abdominal pain, headaches, diffi  culty sleep-
ing), but these symptoms are less frequently seen in anxiety disorders. Depression occurs in 2% of school-age 
children and between 3% and 8% of adolescents. Major depression is much less common in children than the 
temporary experiences of sadness, grief, or depressed mood that occurs during the course of most children’s lives. 
Divorces, death of a grandparent, departure of a close friend, family discord, or a failed relationship are common 
and upsetting causes of temporary sadness.

A persistent disturbance of mood that is associated with functional impairment (i.e., deterioration of 
school or social function) should raise the suspicion of a major depressive disorder. Adjustment disorders sec-
ondary to a specifi c stressor usually respond to supportive counseling that focuses on problem identifi cation and 
strategies that ease the stress. When family discord is prominent, problem-solving interventions should involve 
the entire family to improve compliance and reduce tensions. Major depression is treated with a combination of 
medication and psychotherapy.

Child Abuse
A physically abused child has experienced physical violence by a parent or other caretaker that results in in-
juries. Th e most common injuries seen in abused children are bruising, burns, fractures, and internal injuries 
such as intracranial bleeding. Child abuse is a result of living in a chronically stressed environment. It is seen 
among all socioeconomic classes, but poverty is associated with increased psychological stress that predisposes 
a child to abuse in a susceptible family. Th e abuser (either a parent or other caretaker) was often a victim of 
abuse as a child with unrealistic expectations and lack of understanding of the child’s developmental abilities. 
Th is leads to frustration and anger, which may result in abuse. Th e absence of self-control in the abuser may 
be associated with substance abuse or alcohol. Social isolation and domestic violence are other contributing 
factors. A child with a diffi  cult temperament (i.e., irritable, diffi  cult to soothe, prone to tantrums) is also a 
risk factor.

A complete physical examination and behavioral observations of the parent and child are tools used in the 
assessment of child abuse. A frequent clinical clue to child abuse is when the clinician observes a discrepancy 
between the physical fi nding and the explanation provided by the parent (e.g., multiple fractures in diff erent 
stages of healing associated with a history of “falling from the couch” or a nonmobile child with unexplained 
bruising). Most parents and kids are anxious when taken to an emergency room or doctor’s offi  ce after an injury. 
When the anxiety (in the parent or child) is excessive and out of context for the injury, child abuse may be con-
sidered. Illogical or changing explanations for the injury may be expressed by some parents. Both chronic and 
acute stress in a child may manifest as sadness and withdrawn behavior, new fears and anxieties, and acting out 
with anger and aggression. 

Conducting a nonjudgmental medical history is the fi rst important step in determining the nature of the 
injury. Allowing the parent to tell her story without being rushed yields the best information. When abuse 
is likely, it is critical that the clinician evaluating the child suppress any anger directed toward the perpetua-
tor. Verbal children should be interviewed separately by asking open-ended questions and avoiding direct or 
leading questions. 

 TABLE 5-5

Anxiety and Somatic Symptoms
In 128 children (6–17 years old) with anxiety disorders:
• Restlessness occurred in 74%
• Stomachache occurred in 70%
• Blushing occurred in 51%
• Palpitations occurred in 48%
• Muscle tension occurred in 45%
• Sweating occurred in 45%
• Trembling/shaking occurred in 43%
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A completed physical examination, radiographs when indicated, and clotting studies when bruising is 
seen or internal injuries are suspected are the physician’s responsibility. When child abuse is substantiated or 
suspected, an immediate referral to the child protection agency (CPS) is the next step. A social worker or other 
mental health specialist in the emergency room may be helpful by expanding the psychosocial history and off er-
ing support to the family until the CPS personnel arrive. 
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Traditionally, the role of the pediatrician is to maintain children’s health by preventing disease and curing  illness. 
Yet, in the 21st century, pediatricians have begun to adopt a broader role in maintaining children’s health based 
on the defi nition of health proposed by the World Health Organization (WHO): Health is a state of complete 
physical, mental, and social well-being, not merely the absence of disease or infi rmity. Th is  defi nition of health 
requires pediatricians to understand not only the science behind the disease process, but also the nonbiological 
family and community factors that may aff ect a child’s health. Th e WHO defi nition encourages pediatricians to 
not only treat disease and illness, but also, in many situations, become child advocates to improve the environ-
ment in which children and their families live to maximize their physical, mental, and social well-being. Yet, in 
a society that is becoming more diverse, providing this form of comprehensive health care to children and their 
families requires an understanding of their physical and social surroundings. Th is necessitates an  appreciation 
of the number of nonbiological factors that can aff ect children’s health, such as social class, race,  ethnic-cultural 
background, family structure, residential status, and even the physical environment. Both the American  Academy 
of Pediatrics and the Future of Pediatric Education II Task Force acknowledge the  importance of the family’s 
socio-cultural background, and its infl uence on the child’s health. Consequently, both recommend that the 
training of the next generation of pediatricians, whether as generalists or subspecialists, should be enhanced by 
expanding their knowledge of children’s home environments, including their family’s culture and  community.

Th is chapter will review the socioeconomic and ethnic-cultural characteristics of children in the United 
States and how these characteristics may increase or decrease risks for poor health. In doing so, this chapter will 
highlight the health disparities associated with social class, race, ethnicity, and immigration status.

SOCIOECONOMIC DIVERSITY
Th e most common measures of socioeconomic diversity are family income and parental education. Among these 
two, family income is the most robust indicator in assessing the socioeconomic status of a family. Family income 
can be used either as a threshold measure or as a continuous one. For example, the poverty threshold assesses 
the adequacy of a family’s income to support their basic needs. Th e federal government establishes the poverty 
threshold (also called the poverty line), by defi ning the income needed to support a family of four with food and 
shelter. At present, the poverty threshold or poverty line for a family of four is $22,050. Unfortunately, this does 
not include health insurance nor does it account for variation in the cost of housing, which can be signifi cantly 
diff erent from one part of the country to another.

Studies have shown that children who live below the poverty threshold have a higher probability of growth 
and developmental problems as well as a greater prevalence of disease. In reality, the relationship between  income 
and health seems to be a linear one rather than a threshold phenomenon because it appears that those with 
higher income at whatever level have better health than those at lower incomes. For instance, those children from 
families that have incomes three times the poverty threshold demonstrate better health than those  below the pov-
erty threshold. Yet, those same children appear to have a higher risk for poor health compared to  upper  income 
children (defi ned as 10 times poverty threshold incomes). Diff erences in access to health care, the healthiness of 
their living environments, or their family–community risk for poor health behaviors related to income may be the 
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cause of these observed diff erences. Consequently, the number of children who live below the poverty threshold 
in a community is only an approximate measure of those who are at risk for health problem from socioeconomic 
factors. Studies by Marmot in the United Kingdom show that this socioeconomic health diff erential occurs 
throughout the economic ladder and holds for both children and adults.

In times of economic decline, the percent of children living in poverty usually increases because of the 
greater risk for economic instability among families with children. For example, from 2000 to 2008, the percent 
of children living in poverty increased from 16% to 19%, a 19% increase or an additional 2.5 million children 
in the United States (National Center for Children in Poverty). Yet, among certain racial and ethnic groups, 
there are a disproportionate number of children living in poverty. Th us, when an economic decline  occurs, these 
groups are even more impacted. For instance, in 2008 the percent of non-Hispanic white children living in 
poverty was 11%. In contrast, for Black, Hispanic, and Native American children it was approximately three 
times as much—35%, 31%, and 31%, respectively. Th is disparity in the proportion of children living in poverty 
is a major contributing factor to the disparities in health seen among these children. 

Family structure can also signifi cantly aff ect the rate of poverty. Th e economic resource available to a 
 two-parent versus one-parent household is apparent in all racial and ethnic groups; poverty rates are lower in 
two-parent families. Among all families with children, those headed by a woman are six times more likely to live 
in poverty than those headed by a married couple (36% versus 6%). African American and Hispanic households 
with children and headed by a woman are signifi cantly more likely to live in poverty than their non-Hispanic 
white counterparts (46% versus 25%). In 2008, the percent of single parent families among non-Hispanic whites, 
 Hispanics, Blacks, Asians, and Native Americans was 23%, 38%, 65%, 16%, and 50% respectively. Finally,  although 
children constitute only 25% of the U.S. population, they make up 35% of all individuals living in poverty. Th is is 
a fact that has continued to be a major contributor to the poor health of children in our country.

RACIAL AND ETHNIC DIVERSITY
Currently, about one-third of all children in the United States are children of color: African American,  Hispanic, 
Asian, and Native American. In addition, mixed race and ethnic children are also increasing in numbers. Th e 
U.S. Census Bureau predicts that by the year 2020, approximately one-half of all U.S. children will be children of 
color. In certain states, such as California, this prediction has become a reality. At present, 40% of all children in 
California are Hispanic, 15% are Asian, and 10% are African American. Th is demographic trend is also evident 
in many urban areas in other states. Th e demographic shift is the result of two factors: higher birth rates among 
women of color and immigration. In the United States, non-Hispanic Caucasian women in the 15- to  45-year 
age group have the lowest fertility rate, 58 births/1,000. Birth rates are higher in all other groups: Mexican 
American (112 b/103), Puerto Rican (76 b/103), African American (73 b/103), Native American (71 b/103), 
and Asian–Pacifi c Islander (64b/103). Th ese higher fertility rates have a major implication for patient popula-
tions in obstetrics and pediatrics, particularly in those states and regions where these groups are concentrated. 
Moreover, higher fertility rates set the stage for continued diversifi cation of the U.S. population independent of 
any changes in immigration.

Over the last 20 years, the number of children in the United States who are immigrants or whose par-
ents are immigrants has increased signifi cantly. Th e report of the Institute of Medicine (National Academy of 
 Sciences) on the health and well-being of children in immigrant families noted that one of every fi ve children 
in the United States (14 million children) is an immigrant or has immigrant parents. Th e great majority of 
these immigrants are from Latin America and Asia. However, every country in the world contributes to the 
immigrant population of the United States. A picture of this diversity is the entering kindergarten classes in 
California that have more than 100 diff erent dialects spoken by the children in these classes. Th us, the practice 
of pediatrics is and will be even more in the future, a practice of medicine that will be global in nature, necessi-
tating pediatricians to adjust to the language and culture of patients and their families. Consequently, the ability 
for pediatricians to speak more than one language and become culturally competent will be a signifi cant asset in 
the practice of pediatrics, either as a generalist or specialist.

Beyond understanding the patient’s language and culture, however, immigrant children and their families 
may also have an immigration experience that needs to be assessed by their pediatricians to provide comprehen-
sive health care. Th is requires an understanding of the immigrant expe rience with respect to the health issues 
families encountered in their country of origin and the issues they face in adjusting to their host communities. 
Th ese factors can infl uence the health of immigrant children and may require interventions by the pediatricians. 
For example, for some immigrant children, prior economic impoverishment and psychological trauma can pres-
ent with problems in physical growth and emotional well-being. Management of these clinical issues begins 

770309_Ch_06.indd   121770309_Ch_06.indd   121 5/6/11   12:40:17 PM5/6/11   12:40:17 PM



122   SECTION I ■ GENERAL PEDIATRIC PRACTICE

with understanding that they might be present and by asking  immigrant families about their child’s health and 
well-being in their country of origin. Such information can be both instructive and useful in developing an 
 appropriate care plan for a child in an immigrant family. Likewise, understanding how the immigrant family 
is adapting to the host community’s cultural norms may also reveal issues that will need to be addressed by the 
pediatrician. Not infrequently, the processes of acculturation may create tensions in the family that can infl uence 
the emotional and social development of the child. Consequently, although pediatricians cannot be experts on 
all the cultures of their patients, they can ask the appropriate questions that will guide them in enhancing the 
health care they deliver to children. Th e growing global economy and the fl ow of immigrants has made under-
standing the eff ects of cultural diversity on children’s health a central issue for pediatrics, particularly as we all 
strive to improve the quality and effi  ciency of health care.

HEALTH DISPARITIES IN CHILDREN
If all children throughout the world were equal in socioeconomic class, lived in similar environments, and 
families and society treated them equally, then their genetic predisposition would be the basis for diff erence 
in diseases and illness seen among children. Unfortunately, this is not the case, and thus, pediatricians need to 
understand the various factors that contribute to poor health outcomes, and how they lead to health disparities 
seen among children—that is, the disproportionate distribution of disease and illness based on income and other 
factors.

Socioeconomic Disparities
As noted, living in a lower socioeconomic class environment increases the probability of health disparities in 
children. Children living in impoverished environments are more likely to be exposed to infectious and envi-
ronmental agents, which, along with limited food or lack of health resources, can cause or contribute to disease 
processes. Using various national data sources, Starfi eld found that in the United States, children from lower-
income families were two to three times more likely than children from higher income families to suff er from 
a variety of illnesses and conditions (Table 6-1). Th e eff ects of social class on children can begin before birth. 
For example, poor mothers have a higher risk of nutritional and health problems and limited access to quality 
prenatal care. Th ese higher risk factors among poor women make it more likely for them to deliver low birth 
weight or premature infants that are twice as likely to die in the fi rst year of life.

Beyond infancy, the environment of poverty can signifi cantly aff ect children’s health. Th e most com-
mon health problem directly related to the degree of economic impoverishment is malnutrition that results 
from inadequate caloric and nutrient intake. Worldwide, malnutrition aff ects one out of every four children 
(150  million), with 70% of malnourished children living in Asia, 26% in Africa, and 4% in Latin America. Over 
the past decade, 37% of immigrants to the United States have come from Asia and 41% from Latin America. 
Consequently, it is common for pediatricians in the United States to see newly arrived immigrant children with 
some degree of malnutrition, and therefore, they need to assess these children for this clinical condition by an 
appropriate anthropometric assessment (e.g., weight, height, body mass index, and skin folds). 

Among those children born or raised in the United States, severe malnutrition is much less common; how-
ever, hunger, an attenuated form of malnutrition, is signifi cant and aff ects the well-being of children. In 2008, 
the U.S. Department of Agriculture reported that 16.7 million children in the United States, or 22.5% of all 
children, suff er from hunger or food insecurity, meaning that they did not have access to enough food to meet 
their growth needs. Some children in the United States who suff er from hunger also suff er from the condition 
known as “failure to thrive,” the inability to maintain a normal growth velocity. Th is condition is estimated to 
occur in as many as 10% of U.S. children. Quite often, children with failure to thrive also demonstrate signifi cant 
developmental delays that relate to their relative malnutrition and impoverished environments. Yet, most chil-
dren who suff er from food insuffi  ciency have no evidence of physical growth abnormalities, but instead experi-
ence problems in concentrating and learning in school because of hunger. Th is can add an additional obstacle 
in achieving educational success for poor children, a goal that is vital for children’s futures. Th us, in assessing 
patients, questions about diets need to go beyond the types of foods taken to include questions about the avail-
ability and quantity of food for the child.

Evaluating a child for malnutrition involves examining two basic parameters: (1) weight-for-height 
(a measure of wasting, or thinness for height), and (2) height-for-age (a measure of stunting, or shortness for 
age). Although other anthropometric assessments such as skin folds can be used, weight and height are the 
most common measures used by pediatricians to assess the nutritional status of children. For example, as poor 
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children are more inclined to have an inadequate diet, pediatricians can assess their adequacy of caloric intake 
by assessing their degree of wasting (less than fi fth percentile in weight for height) and stunting (less than fi fth 
percentile in height for age). Depending on the degree and duration of malnutrition, stunting may persist for 
years, even after establishing adequate nutritional intake; that is, although linear growth may show some catch-
up growth after improved nutrition, the height that is achieved is usually not what would have been the child’s 
“normal” height with proper nutrition. In contrast, given adequate nutrition, wasting may resolve (i.e., weight 
increasing to a normal value) in a much shorter period. Because weight may catch up more quickly than height, 
previously malnourished children may have a tendency to achieve a greater weight-for-height (i.e., they may 
become overweight). Th us, although it may seem somewhat counterintuitive, some previously malnourished 
children may be overweight and present with a short, stocky physique.

Persistent poverty from one generation to another can be associated with persistent malnutrition and 
stunting. Consequently, not infrequently, parents are stunted because of malnutrition when they were children 
and their children are stunted because of the family’s persistent state of poverty and malnutrition. However, 
if children live in a more favorable socioeconomic environment than their parents did as children, then they 
can become taller than their parents. Evidence for this is apparent in children in the United States who have 
grown taller each generation because of improved economic circumstances. For instance, Mexican American 
children who as a group have a high poverty rate have shown signifi cant increase in heights from 1968 to 1980, 
 suggesting an improvement in overall socioeconomic conditions.

 TABLE 6-1

Differences in Health Status Among Poor and Nonpoor Children

Increased Frequency in Poor Versus Nonpoor

Low birth weight Double

Teenage births Triple

Delayed immunization Triple

Asthma Higher

Bacterial meningitis Double

Rheumatic fever Double to triple

Lead poisoning Triple

Increased Severity of Health Problems in Poor Versus Nonpoor

Neonatal mortality 1.5 times

Postneonatal mortality Double to triple

Child deaths

 Due to accidents Double to triple

 Disease related Triple to quadruple

Complications of appendicitis Double to triple

Diabetic ketoacidosis Double

Complications of bacterial meningitis Double to triple

Percent with conditions limiting school activity Double to triple

Lost school days 40% more

Severely impaired vision Double to triple

Severe iron defi ciency anemia Double

From Starfi eld B: Childhood morbidity: Comparisons, clusters, and trends. Pediatrics 88(3):519–526, 1991.
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Internationally, the eff ects of social class and malnutrition on children are very evident. Th e growth pat-
terns of children from developing countries show that the heights of children from upper socioeconomic classes 
are similar to U.S. norms, whereas the height of children living in poverty varies from the norm in proportion 
to the severity of poverty. For example, the heights of children in rural China are 1.5 standard deviations below 
U.S. norms; that is, 50% of rural Chinese children have a height below the 15th percentile of U.S. norms, and 
35% of these children have a height below the fi fth percentile. In contrast, the height of children in urban China 
is only 0.6 standard deviations below U.S. norms. As a result of less poverty, urban Chinese children grow taller 
than those who live in rural areas.

Th ese fi ndings are important because they indicate that all children are capable of growing to U.S. norms 
and that U.S. norms should be used with all children independent of race, ethnicity, or country of origin. Indeed, 
the WHO has recommended that all studies of children’s growth should use the U.S. growth curves developed 
by the National Center for Health Statistics and compare children to these curves by using Z scores (standard 
deviations). Th is recommendation emphasizes that genetic potential for growth is generally equally distributed 
among children from all countries.

Th us, pediatricians have a unique opportunity to work with children who suff er from malnutrition and 
food insecurity (hunger). Usually, prolonged and multidisciplinary interventions are necessary to improve this 
clinical condition. Management may involve the participation of nutritionists, social workers, public health 
nurses, and mental health workers, as well as nonprofessional support groups in the community. As health pro-
fessionals, we should recognize that malnutrition is as much a social problem as a medical one and act accord-
ingly in our roles as clinicians and child advocates.

Malnutrition is not the only health problem that may aff ect children from poor backgrounds. Children 
who live in poverty are also at greater risk of developing diseases from infectious and pathogenic environmental 
agents. Th is is because poor children are more likely to live in crowded, substandard housing, with increased 
exposure to individuals who may have untreated infectious diseases. In addition, if children are malnourished, 
they are at greater risk for contracting infectious diseases because of the probability of having an impaired im-
mune system secondary to malnutrition. Limited access to health care and isolation from the health care system 
also contribute to the increased risk of transmission of contagious diseases among poor individuals. Outbreaks 
of tuberculosis, pertussis, and measles in poor and immigrant populations occur commonly in the United States 
as well as in the country of origin for immigrants from developing countries. Although simple preventative 
measures such as immunization can have a major impact on the spread of infectious diseases among poor and 
immigrant children, these children tend to be among those most often unimmunized. Th us, while we should be 
concerned about the immunization of all children, immunizing poor and immigrant children serves two pur-
poses, to improve their health and to lessen the probability of spreading contagious diseases to the public.

Exposure to environmental toxins is also more frequent among poor children as they often live in substan-
dard housing that exposes them to deteriorating housing materials and other toxic agents. In urban areas, lead is 
the most common environmental toxin. According to the latest national survey, elevated lead levels (10 �g/ dL) 
have signifi cantly decreased due to a concerted public health eff ort. However, they continue to be higher in poor 
and minority children, particularly among African American children 1 to 5 years of age who have among the 
highest proportion of elevated lead levels, 3.1%. An elevated lead level is considered to be a risk for neurobe-
havioral and developmental delays, and thus can further contribute to the poor growth and development of 
children living in poverty.

In rural areas, pesticides are environmental toxins of concern. Many poor and immigrant families live and 
work in close proximity to agriculture fi elds, so the risk of exposure is high. Pesticide exposure also has become 
a concern for children living in the inner city because of eff orts to control pests. Children, particularly younger 
ones, are at greatest risk for health problems because of their developing physiology. Unfortunately, it is diffi  cult 
to determine whether pesticide exposure has occurred as symptoms are usually nonspecifi c. Th e eff ects of these 
environmental agents on children are not fully understood at present, but clearly, young children are the most 
vulnerable because of their rapid growth and greater hand-to-mouth contact. It thus becomes the pediatrician’s 
responsibility to question all families, but particularly the poor about environmental exposures in and round their 
homes and to assess whether the child has pica (the behavior of eating nonfood substances), particularly in chil-
dren who are 3 years of age or younger. Pica is associated with high lead levels in children and is clearly a behavior 
that should be reviewed with parents to avoid the increases the risk of exposure to environmental toxins.

With regard to chronic illness, the socioeconomic class of children has a variable eff ect. Most commonly, 
the occurrence of chronic illness in children is the result of genetic predisposition for a particular disease. For 
example, sickle cell anemia or cystic fi brosis aff ects children because of their genetic profi le. However, some 
chronic illnesses in childhood are linked with socioeconomic background, specifi cally, those chronic illnesses 
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that are the result of untreated infectious or acute illness. For example, the lack of treatment of pulmonary tu-
berculosis in a child may lead to an infection that subsequently spreads to the brain, resulting in meningitis and 
signifi cant long-term consequences. Another example is chronic lead ingestion, which, if untreated, can cause 
learning and developmental problems that may be irreversible.

Yet poverty can also modify chronic illnesses that have a signifi cant genetic component. Asthma, the most 
common chronic illness in childhood, has a genetic basis, but poverty can increase its prevalence and severity. 
Th is is particularly true for African American and Hispanic children who live in urban areas. Investigators 
have proposed a mechanism for this eff ect involving diff erences in access to health care, patterns of medical 
care,  psychosocial stress, and environmental exposure. Th e National Cooperative Inner City Asthma Study 
 (NCICAS), a study of poor inner city children with moderate-to-severe asthma, found that although most 
children had routine health care, 50% had diffi  culties obtaining follow-up care for their asthma, suggesting that 
their care was fragmented. Furthermore, only 50% received treatment according to the recommended national 
guidelines, indicating that the care may have been less than optimal. In addition, psychosocial stress in children 
and mothers in the NCICAS was high, with 50% of mothers and 35% of children meeting the criteria for refer-
ral to a mental health professional. Signifi cantly, maternal and child psychosocial stress levels were correlated 
with each other and with the child’s morbidity from asthma. Exposure to a higher level of environmental pol-
lutants and allergens, a characteristic feature of poverty, may also have aff ected the prevalence and severity of 
asthma in children in the NCICAS. Of particular importance was exposure to cockroach antigen, which was 
found in 90% of homes. Th e study reported that 50% of the homes in which poor children lived had levels of 
exposure considered clinically detrimental.

Other external environmental factors beyond the children’s own households may also have an impact on 
their health and development. Neighborhoods can be a positive infl uence on child development by providing 
a safe, nurturing environment for play and school. Unfortunately, poor neighborhoods suff er not only from 
substandard housing, but also frequently from crowded and neglected schools, lack of safe play areas, and high 
levels of crime. In a study by Campbell and Schwarz of children attending suburban and urban middle schools 
in metropolitan Philadelphia,  they reported that children in poorer urban schools had higher rates of exposure 
to crime, having known or witnessed someone being robbed, beaten, stabbed, shot, or murdered. Of children 
who attended a middle school in a poorer neighborhood, 96% knew someone who had witnessed one of the 
previously mentioned events, and 88% had witnessed such an event. For middle class suburban school children, 
these same values were 89% and 57%, respectively. Sixty-seven percent of children attending middle school 
in the poorer neighborhood reported being victimized themselves: 48% robbed, 21% stabbed, and 3% shot. 
Ninety-four percent of poor neighborhood children had heard gunfi re in their neighborhood and 24% had been 
caught in gun crossfi re. Whereas the children from the poorer neighborhoods reported more violent events and 
experiences, the children from the middle class suburban neighborhoods also reported a greater-than-expected 
number of events. Although the fi ndings from this study should not be generalized to all poor neighborhoods, 
understanding the living environments of children is key to providing appropriate health services and working 
with families to ensure children are safe and nurtured.

Unfortunately, violence involving children is a major public health issue in the United States, and dispro-
portionately aff ects poor children and adolescents. Children who witness a violent event experience fear, anxiety, 
sadness, anger, confusion, shock, empathy for the victim, and a desire to become involved in the altercation. 
Th ese children and adolescents have symptoms of somatization, depression, and posttraumatic stress syndrome, 
including stomach pains, headaches, trouble sleeping, trouble remembering, nightmares, nervousness, sadness, 
and a sense of a foreshortened future. Children rarely discuss these events with a health or mental health pro-
fessional. Th us, health care professionals should be more proactive in seeking a history of exposure to violence, 
particularly among poor children. Th ey should be alerted to the exposure to violence among children and should 
receive training about dealing with children and families who have been traumatized by violence. It should be 
remembered that not infrequently, the complaint of stomach pain might be a symptom of posttraumatic stress 
from witnessing a violent event. With homicide one of the leading causes of death of school-age children and 
adolescents, particularly in urban areas, pediatricians need to be involved in helping families protect their chil-
dren. Th is starts with identifying the risk for violence.

Racial and Ethnic Disparities
In addition to socioeconomic factors, children’s racial and ethnic backgrounds may also infl uence their health. 
Discrimination based on racial, ethnic, and other characteristics as a factor aff ecting health is infrequently dis-
cussed, but the presence of discrimination in our past and current society necessitates acknowledging this as a 
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factor infl uencing children’s health. Discrimination, whether overt or covert, may aff ect the health of children in 
one or more of the following ways:

• By forcing families to live in neighborhoods in which health risks are greater
• By causing stressful experiences involving discrimination
• By forcing children and families to develop under an imposed stigma of inferiority
• By causing bias (unintentional) on the part of health care providers (i.e., when a particular provider deals 

with patients of a diff erent racial or ethnic group)

Discrimination, and in some cases, housing practices designed to limit integration of racial and ethnic groups, have 
led to the segregation of neighborhoods on the basis of race and ethnicity, as well as income. Such separation can 
reinforce children’s feelings of isolation from the rest of society and may have a negative health eff ect on the people 
who live in the neighborhood by producing a stigma of inferiority and visible signs of discrimination. Although 
there are now laws against housing discrimination, the results of historical racial discrimination still are apparent in 
some communities. In these communities, families may feel less empowered to change their lives or those of their 
children.  Th erefore, although changing the eff ects of discrimination may seem overwhelming for any one person, 
as child advocates, pediatricians can give families a sense of empowerment over their children’s health through 
parental education and family involvement. Th is, along with engaging supportive resources both inside and outside 
of their local community, can be a fi rst step in empowering families who have suff ered from discrimination.

Although the segregation of neighborhoods can have negative health eff ects, the concentrations of people of 
similar cultural and ethnic backgrounds may also have positive health eff ects. For example, maintaining the culture 
of the country of origin for immigrants appears to have a positive health eff ect. For instance, infants of immigrant 
Mexican American mothers appear to do better with respect to low birth weight and infant mortality than infants 
of later generation or more acculturated mothers, even though immigrant mothers have higher rates of poverty, 
lower levels of parental education, and less access to health care. In fact, over the past two decades, the prevalence of 
low birth weight and infant mortality among children born to immigrant Mexican American mothers were similar 
to nonpoor, non-Hispanic Caucasian mothers. Th is has been termed the “Immigrant  Paradox.” Th e paradox be-
ing that poor immigrant mothers can have outcomes similar to higher socioeconomic status (SES) mothers. Th is 
phenomenon is seen among a number of immigrant groups and suggests a positive health eff ect from maintaining 
cultural health habits with respect to pregnancy and child health. Moreover, this implies that cultural health habits 
may buff er the detrimental eff ects of poverty. However, it is important to note that as immigrant women become 
acculturated to American society, the health parameters of low birth weight and infant mortality appear to worsen 
and approach the norms of later generation poor mothers. Th erefore, this suggests that the cultural buff er to the 
detrimental eff ects of poverty that exists for these mothers and children appears to lessen as American cultural 
practices replace those of the country of origin. Th us, if the “Immigrant Paradox” is a result of positive, culturally 
based family health practices, then pediatricians should become familiar and supportive of the positive cultural 
health practices of their patients’ families. A community that is supportive of the family culture and provides chil-
dren and their families with a positive self-image and identity may be a signifi cant health resource and may create 
a positive psychosocial environment for poor children and families.

Finally, in the health care system, bias among health care providers, although unintentional, should be 
recognized and eliminated to the extent possible. It should not be unexpected that health care providers exhibit 
biases and stereotypes, because they were raised in the same society that created them. A review of the literature 
by the Institute of Medicine (National Academy of Sciences) affi  rms that one of the reasons for health dispari-
ties among minorities is physician bias and prejudice, usually unintentional. Nevertheless, physicians are called 
upon to rise above these prejudices. In order to do so, they must understand their own biases, and how biases can 
aff ect their care of patients. Th is is a challenge for all of us, independent of our backgrounds, but one that needs 
to be met for the benefi t of our patients.

Disparities in Access to Health Care
Th e principal determinant of children’s access to health care is the ability to obtain health insurance, which in turn 
depends on the parent’s ability to obtain health care coverage, usually from their employer. It is frequently assumed 
that if parents work, their jobs off er health insurance, or that, if the parents are unable to work, then their children 
qualify for a social welfare program that provides access to health care. Unfortunately, neither of these two assump-
tions is necessarily true. In a recent analysis using national data, investigators found that ethnic minorities were 
much more likely than non-Hispanic Caucasians to be uninsured. Hispanics were the most likely to be uninsured 
(37%), followed by African Americans (23%), Asian Americans–Pacifi c Islanders (21%), Native Americans–Alaskan 
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 Natives (17%), and non-Hispanic Caucasians (14%). Although 87% of uninsured Hispanics work, they are much 
less likely to receive employment-based health insurance, regardless of how much they work or the size of their fi rm 
or industry. Likewise, African Americans have lower rates of job-based health insurance compared to non-Hispanic 
Caucasians, 53% versus 73%. When Hispanic children were categorized by their residential status, non-U.S. citizens 
are very likely to be uninsured (58%), but even Hispanic U.S. citizens have a high rate of being uninsured (27%). 
Among children alone, the relative numbers of uninsured were similar to those for all individuals in their group: 
 Hispanic (29%), African American (19%), Asian Americans–Pacifi c Islanders (15%), Native Americans–Alaska 
Natives (13%), and non-Hispanic Caucasians (11%). Th is translates into less acute care and preventive care for chil-
dren. In addition, uninsured patients are less likely to follow minimum care recommendations.

If children are not able to obtain health insurance through their parents’ employment, they may receive 
fi nancial assistance for medical care depending on their family’s income and on their immigration status 
(i.e., whether a child is a U.S. citizen or a legal resident). States usually determine income eligibility. In many 
states, an income of up to 250% of the poverty threshold qualifi es a family for health care insurance through a 
state or federal program. A family of four can make as much as $42,625 per year and qualify for a government 
health insurance program. (Th is may seem high, but a family of four living in the San Francisco Bay area needs 
$46,000 just to meet basic housing and living needs.) Th e requirement for citizenship or legal residence also has 
been a major deterrent, particularly for children of immigrant families. In the mid-1990s, welfare reform exclud-
ed immigrant children from participation in federal and many state programs. For example, in California, un-
documented immigrant children were ineligible for the state’s Medicaid program except in emergencies. How-
ever, they do have access to a preventive health screening program (Children’s Health and Disability Prevention 
program) and to a program to aid families with chronically ill children (California Children’s Services).

Although Congress recently passed the Health Care Reform Bill, it does not cover immigrant children, par-
ticularly those who are not legal residents. If children are valued, then all children should receive health care, both 
for their health and the health of society. One should note that three-fourths of all children in immigrant families 
are U.S. citizens. However, immigrant families, fearful of obtaining government-sponsored health insurance even 
for their U.S. citizen children because of the implication it has for their eff orts to obtain citizenship, are deterred 
in obtaining care for their citizen children. Accordingly, it is important that pediatricians become familiar with 
various state and federal programs, especially those addressing the needs of poor and immigrant children, so that 
they can better serve as health care providers and advocates for our diverse population of children.

TREATING CHILDREN FROM DIVERSE BACKGROUNDS
Th e information that has been presented hopefully encourages future pediatricians to learn how to adapt their 
clinical care to meet the sociocultural needs of children and families. Presently and in the future, socioeconomic 
class, race, ethnicity, and immigration status will defi ne patients’ diversity. Each can aff ect the physician–patient 
interaction through the processes of verbal and nonverbal communication and diff erences in the health beliefs 
between the health care provider and patients and their families. Ultimately, the opportunity exists for more 
 eff ective interactions with families from diverse backgrounds, but it requires the physician to bridge the diversity 
gap by eff ectively communicating and understanding the patient’s point of view when it comes to health.

Communication: Verbal and Nonverbal
Obtaining an accurate and comprehensive history from patients is the cornerstone of clinical medicine. Th e his-
tory not only provides the data necessary to understand a patient’s complaint and disease process, but it also allows 
physicians to assess the patient’s understanding and response to treatment. In pediatrics, this also necessitates un-
derstanding a family’s knowledge of and reaction to a child’s disease. Obtaining a pediatric history involves an inter-
action between several individuals: the physician, the patient, the parents, and, on occasion, other caregivers. As with 
any human interaction, each party has its own set of communication skills, expectations, unspoken understandings, 
and personal biases. Th us, part of the initial discussion with families from diverse backgrounds should include defi n-
ing their expectations and understanding who beside the parents are important in making decisions for the child.

To do this, it is necessary to determine whether patients, parents, and providers are fl uent in the same 
language. Frequently, they may not be. In such situations, it is essential to obtain the services of an accurate and 
culturally sensitive interpreter. Although this seems obvious, too often no interpreters are used in clinical interac-
tions with limited-English-speaking families. Yet, federal law mandates interpreter services. In 2000, President 
Clinton issued Executive Order 13166 that supplemented Title VI of the Civil Rights Act of 1964. It mandated 
that all groups receiving federal funds needed to comply with improved access to services for persons of limited 
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English profi ciency. Unfortunately, for reasons of expediency, health providers sometimes will rely on the use of 
either family members or ad hoc interpreters (i.e., nonmedical personnel working in the area) to provide inter-
pretation to non–English-speaking patients and families. In a review of the literature, Flores found that the lack 
of a professional interpreter in the pediatric setting has a signifi cant negative impact on parents’ understanding 
of their child’s disease and on parents’ satisfaction with their child’s care. In a clinical study of emergency room 
care, Flores found that the inability to communicate with parents eff ectively resulted in errors in diagnosis and in 
increased morbidity among pediatric patients.

However, even when professional interpreters are available, using them in a clinically eff ective manner 
requires conscious understanding that an interpreter is a tool to establish a relationship with the patient, and 
should not be used just to gather information from the patient. Th e personal relationship of the pediatrician 
with the patient or parent is the basis of all clinical interactions, and as such, nonverbal communication is part 
of the patient’s conversation with the physician that can enhance the understanding between the two parties. 
Table 6-2 provides guidelines for use of interpreters.

 TABLE 6-2

Guidelines for the Effective Choice and Use of Interpreters 
in Clinical Settings

Interpreter Choice

Always use a trained interpreter unless thoroughly fl uent in the patient’s language. Th is can be either an 
interpreter present in person or a telephone interpreter. Hospitals and clinics receiving federal funds 
should provide at least a telephone interpretation service.

Avoid using strangers from the waiting room or untrained staff  as interpreters because of potential problems 
with accuracy, confi dentiality, and medical terminology.

In emergency situations, if trained interpreters are not available, the use of adult relatives or friends 
brought specifi cally to translate may be temporarily acceptable alternatives, but problems with accuracy, 
confi dentiality, medical terms, and disrupted social roles may occur. A professional interpreter should be 
sought as soon as possible to confi rm the patient’s information.

Children should not be used as interpreters because of problems with disruption of social roles, sensitive 
issues, and accuracy.

Always ask the patient whether a designated interpreter is acceptable.

Interpreter Use

Position the clinician, interpreter, and patient/parent in an equilateral triangle so that important nonverbal 
cues can be appreciated.

Speak to and maintain eye contact with the patient/parent, not the interpreter.

Ask the interpreter to translate as literally as possible.

If mistranslation or misunderstanding is suspected, return to the issue later using diff erent wording.

Emphasize key instructions and explanations by repetition.

Use visual aids (charts and diagrams) whenever possible to verify the quality and comprehension of the 
translation, and have the patient/parent repeat information through “back translation.”

At End of Medical Visit

Have the interpreter write lists of instructions for the patient/parent, particularly for prescriptions and 
other therapeutic interventions.

Indicate to pharmacists that prescription instructions should be printed in the patient’s/parent’s language.

Always have an interpreter accompany the patient/parent to schedule follow-up appointments with the 
receptionist.

Adapted from Flores G: Culture and patient-physician relationship: Achieving cultural competency in health care. 

J Pediatr 136:14–23, 2000.
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In the end, physicians should see the offi  ce visit as an interaction between two cultures, that of the patient 
and the physician’s own. Helping patients and their families develop their health literacy is a key  component to 
 quality health care today. Clinicians should be cognizant of the historical, political, and economic factors of  patients’ 
families that may aff ect health literacy. Th ey should recognize that patients have unspoken understandings about 
the role of the physician. If both the physician and the patient are from similar  sociocultural backgrounds, these 
understandings about roles and expectations usually coincide. However, if they are not, then  socioeconomic, 
racial, or ethnic biases may lead to misperceptions that, in turn, may cause  problems in  communication. Some 
sociocultural misperceptions are transmitted unconsciously through nonverbal  communication. For example, 
in some cultures, respect for physicians does not encourage asking questions. Th us, patients or parents who are 
silent after being asked whether they have any questions, or who nod their head in response to a question may 
not necessarily agree with the physician, but instead, may have signifi cant concerns about what the physician 
has said. Having a socioculturally sensitive interpreter who can interpret nonverbal signs or by directly asking 
parents or patients about their satisfaction with care helps the pediatrician acknowledge these misperceptions, 
which lowers the barriers to eff ective health care.

Health Beliefs
Everyone has a notion of what it means to be healthy, and in some ways, an understanding of what keeps 
us healthy or makes us sick. Depending on their exposure to Western medicine, many people share some of 
the same views about medical treatment. However, based on individual health beliefs, people frequently use 
alternative therapies (complementary and alternative medical care [CAM]). About 33% to 50% of adults in 
the United States report using CAM therapy, and among some ethnic groups, folk remedies or CAM thera-
pies may be more common. Th is is particularly true for new immigrants, who bring their health beliefs and 
therapies from their country of origin with them. Although at times these CAM therapies may seem exotic 
and contrary to Western medicine, practitioners should acknowledge these attempts on the part of parents to 
help their children. If these measures are not harmful, clinicians should try to integrate them into the medical 
management of the patient. Clearly, parental education is necessary to prevent the use of folk remedies that 
have any harmful eff ects (i.e., lead-containing folk remedies, such as greta, azarcón, or albayalde treatment for 
empacho in Mexican Americans).

Unfortunately, parents or patients often never tell physicians about the use of alternative treatments be-
cause they feel uncomfortable relaying such information. Th erefore, pediatricians need to open discussions by 
asking patients or parents what they believe is wrong with the child’s health, what they think is causing it, and 
what have they done to make it better. It is also useful to normalize the use of folk or alternative medicines by 
saying, “Many people use. . . for your child’s condition. Have you heard of it? Have you used it?” In these ways, 
physicians may make themselves aware of the patient or his parents’ health beliefs, thus enabling the physician 
to integrate them into the therapeutic plan.

In summary, the role of the pediatrician is key to the healthy development and well-being of all children.  
Becoming aware of the uniqueness of every child and his or her family will allow each pediatrician to fulfi ll that 
role and to enjoy the practice of pediatrics.
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Ethical Issues in Pediatric Practice*

Alan R. Fleischman

131

Pediatricians play a special role in society because they are both caregivers of children and advocates for their 
best interests. Th e practice of pediatrics involves concern for the physiologic health of children as well as 
the emotional and psychosocial development of children within families. Th is role is quite diff erent from the 
 responsibilities faced by physicians caring for adults and creates signifi cant challenges.  Pediatricians are often 
faced with ethical dilemmas and confl icts of values or confl icts of duties when they care for children and make 
recommendations for their treatment.  Sorting out ethical dilemmas is not just a matter of personal opinion; it 
requires a rational process to determine the best course of action in the case of confl icting choices.

In the past 30 years, the role of the physician in American society has changed from that of the highly 
respected and rarely questioned paternalistic decision maker, to that of a collaborator who is expected to provide 
recommendations for health care decisions made by patients and families. Patients have become consumers of 
physicians’ services, expecting to be fully informed and increasingly responsible for decisions about their own 
health care. Th is respect for a person’s fundamental right of self-determination or autonomy has resulted in the 
practice of allowing adults to make health care decisions for themselves, even if the physician disagrees and, 
more importantly, even if the physician perceives that the decision is not in the patient’s best interest. Th is prin-
ciple, known as “respect for persons,” incorporates two ethical convictions: that individuals should be treated as 
autonomous agents and that persons with diminished autonomy are entitled to protection. Th is fundamental 
idea maintains that all persons capable of participating in decision making have the right to determine what 
happens to their own bodies. Furthermore, individuals with diminished autonomy who are incapable of par-
ticipating in decision making for themselves are entitled to additional protection from harm. In general, society 
believes that children, at least very young children, have diminished autonomy and require protection.

Th e doctrine of informed consent, an expression of this respect for a person’s right of self-determination, 
assumes that patients can understand the risks and benefi ts of alternative treatments and can make informed 
choices. When the process of informed consent relates to children or to individuals who lack the capacity to 
decide for themselves, it involves the use of a proxy or surrogate. Any proxy consent is based on another person’s 
perception of the appropriate choice, not on an individual’s choice. Many people have argued that the respect 
for a person’s fundamental right of self-determination should extend to the family, who could be viewed as an 
autonomous unit. In this view of self-determination, the judgments of family members could substitute for 
those of members who cannot participate in decision making.

Although pediatricians should respect the important role of parents in providing informed consent for 
their children, unquestioning acquiescence to parental wishes can sometimes be problematic.  Th e principle of 
informed consent for autonomous adults is extremely powerful; it allows capable adults to refuse treatments 
despite negative consequences. However, parental refusals of treatments that are deemed clearly benefi cial for 
their child do not carry the same weight as refusals by competent adults for treatments for themselves. Parental 
refusal of necessary therapy does not relieve physicians or other health care providers from an ethical duty to the 
child, particularly if the refusal of such treatment puts the child at signifi cant risk.

Th is ethical duty derives from the principle of “benefi cence,” which states that ethical treatment involves 
not only respecting the decisions of patients and protecting them from harm, but also making eff orts to secure 

*Parts of this chapter were adapted from Fleischman AR, Nolan K, Dubler NN, et al: Caring for gravely ill children. Pediatrics 94:433–439, 1994.
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their best interests or well-being. Benefi cent actions attempt to maximize possible benefi ts and to minimize 
possible harms. Both physicians and parents have benefi cence obligations to a child.  To fulfi ll benefi cence obli-
gations to children and to preserve their future right to autonomous decision making, another concept, known 
as the principle of the “best interests of the child,” has evolved. Th is principle promotes decision making for the 
benefi t of the child, even if, in rare occurrences, it confl icts with parental beliefs. Th e “best interests” standard 
presupposes that decision makers are able to consider the interests of children as primary, regardless of their own 
interests and those of other family members.

Although the “best interests of the child” is the appropriate standard for treatment decisions, it is important 
to realize that what is in the best interest of any individual is often uncertain. When faced with a lack of clarity 
about what is eff ective or benefi cial, it can be argued that those who bear the burden of the decision (e.g., in the 
case of a child, the family) should play the major role in making the choice. Families play an important, if not 
vital, role in deciding the future outcome of children. Th eir input and support is crucial to optimize the envi-
ronment in which children live. Th us, it seems that the “best interests” standard for children must incorporate 
recognition of the interests of families and a commitment on the part of society to provide the resources that 
allow families to support children’s interests without creating an undue burden.

ETHICAL ISSUES IN NEWBORNS

CASE 7-1
The pediatric team is called to the delivery room to resuscitate a 550 g (1¼ pound), 24-week- gestation, 
premature male infant who has just been born. This infant, just past the threshold of viability, has a 
reasonable (50%) chance to survive with aggressive intervention and greater than a 50% chance of being 
normal if he survives. He may suffer all the complications of prematurity, including cerebral palsy, mental 
retardation, impaired vision and hearing, and chronic lung disease. Should the pediatricians resuscitate the 
infant? Should the medical team allow the family to choose whether treatment is initiated? If treatment 
begins, under what circumstances may the clinicians withdraw it? Who should make these decisions and 
by what process? 

Dramatic changes in the technologic care available to newborn infants have resulted in the capability of  saving 
the lives of the majority of even the sickest, smallest neonates. In most neonatal centers, the survival rate of 
newborns as young as 24 weeks gestational age and weighing above 500 g is greater than 40%. Infants born at 
1,000 g and 28 weeks gestation, thought to be at the threshold of viability in the 1960s and 1970s, now have up 
to a 95% survival rate. In addition, the development of new surgical techniques in the past two decades has al-
lowed for the correction or amelioration of congenital anomalies of the heart, kidneys, intestine, liver, and brain. 
With intravenous parenteral nutrition, infants can grow and gain weight with normal development for weeks, 
months, or years without oral intake. Th ese advances in neonatal medicine have enhanced the lives of count-
less children, yet at the same time they have also resulted in saving the lives of some children who are left with 
severely disabling and handicapping conditions. (See Chapter 10, Neonatology.)

All decisions for critically ill children in a neonatal intensive care unit are made in the face of great uncer-
tainty as to long-term outcome.  It is frequently diffi  cult to predict which infants will survive and thrive with 
a good future quality of life and which infants will suff er irreversible damage, resulting in devastating chronic 
illness. American author, Jeff  Lyon, in his book Playing God in the Nursery, graphically portrays the dilemma of 
this uncertainty:

If it is hard to justify creating blind paraplegics to obtain a number of healthy survivors, it is equally hard to explain to the 

ghosts of the potentially healthy that they had to die in order to avoid creating blind paraplegics.

In general, American neonatologists have evolved a decision-making strategy that deals with this uncertainty 
by ranking the death of an infant who could have lived a reasonable life as worse than the saving of an infant 
who becomes devastatingly disabled. Both outcomes may be viewed as tragic. In general, pediatricians believe 
that neonates with a chance of survival deserve resuscitation in the delivery room, followed by stabiliza-
tion in the neonatal intensive care unit (NICU) until data increasing the certainty about future outcome 
become available. When death or signfi cant impairment of future quality of life seems likely, physicians may 
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 recommend withdrawing treatment or withholding future treatment. Th is approach to the uncertainty of 
neonatal outcome contrasts with the vitalist approach, which advocates aggressive intervention for all infants 
until death is certain, or a statistical approach, which seeks to minimize the number of infants who die slow 
deaths or live with profound handicaps by treating only those infants who satisfy minimum weight or gesta-
tional age criteria.

At the core of all discussions concerning appropriate treatments for critically ill neonates is the question 
of how much people value members of society who have disabling and handicapping conditions. Each infant 
has an inherent worth that deserves respect, regardless of the extent of their physical defect or future cognitive 
impairment. Physicians should discuss all treatments that may potentially enhance the interests and well-being 
of infants with family members. However, this respect for infants does not mean that because a treatment is 
available, a physician must provide it.

Assessment of what is in the best interests of a particular infant includes analysis of the potential benefi ts 
and burdens of the treatment plan, the likely prognosis, the future expected quality of life of the child, and the 
views and values of the family. If the potential for ultimate survival is small, the burdens of a proposed treat-
ment great, or the future quality of life likely to be poor, a recommendation not to provide a particular treatment 
may be appropriate. Th e parents of neonates should be the ultimate decision makers, unless they are choosing a 
course of action that is clearly against the best interests of the child. Th e birth of an abnormal newborn may be 
tremendously stressful for parents, but it is possible to educate almost all parents about their infant’s condition 
so that they can make decisions in the child’s best interest.

Hospitals now have bioethics committees that are available to review complex, value-laden decisions in 
order to assist parents and professionals in the determination of what is in the best interests of infants. Th ese 
multidisciplinary committees include physicians, nurses, social workers, ethicists, clergy, and other professionals 
who are interested in protecting and promoting the interests of particular children. Some physicians have re-
sisted the use of bioethics committees; they contend that the best person to make such complex decisions is the 
treating physician at the bedside, who is most knowledgeable of the medical facts as well as the infant’s interests 
and the family’s wishes. However, most clinicians who have used infant bioethics committees believe that the 
committees enhance the decision-making process by reviewing the medical facts and protecting infants’ inter-
ests while invoking ethical principles, and not merely intuition, in decision making. Infant bioethics  committees 
may also enhance the role of parents in decision making by supporting parental choices in ambiguous cases in 
which it is uncertain as to what is in the best interest of a particular child. In addition, such committees can 
provide ethical comfort to both families and health care professionals who are ultimately responsible for both 
making and implementing diffi  cult decisions.

When parents refuse what the health care providers and the ethics committee believe to be clearly in 
a child’s interests, procedural mechanisms involving the courts have been developed to override parental 
choice. Th ese legal approaches are the embodiment of the physician’s benefi cence obligations to a child, pro-
tecting an infant from inappropriate cessation of treatment. An example of this type of intervention is the 
court-ordered administration of blood products to save the life of a child whose parents’ religion prohibits 
transfusions.

Increasingly, a new type of ethical dilemma is occurring in NICUs. Physicians who become comfortable 
with families having the discretion to choose to withhold or withdraw life-sustaining treatments from critically 
ill newborns are concerned about families who insist that their infants receive life-sustaining treatments that 
are deemed by the professionals to have minimal, if any, benefi t. What should happen when physicians disagree 
with a parental request for treatment that will be life-prolonging but possibly not life-enhancing? When a treat-
ment has no potential benefi t and will only infl ict pain and prolong suff ering, physicians are not obligated to 
provide or even off er such interventions even if requested by parents. However, when parents request a treatment 
that off ers a low likelihood of benefi t, even in the face of signifi cant burden, health care professionals should not 
make this decision themselves.

In general, when caring, concerned parents request continued attempts to save or prolong the life of their 
child, physicians should not impose their views over the values of the family. Clinicians should give broad lati-
tude to parental discretion regarding choices for children when there is honest uncertainty concerning the ratio 
of benefi ts to burdens of continued therapy. However, parental discretion in demanding treatment should not 
be unlimited. Physicians and other health care providers, based on their own strongly held personal beliefs, have 
the right to opt out of the care of children for whom they believe the benefi ts of treatment do not outweigh 
the burdens. In addition, society has the right through its laws, regulations, and institutions to limit individual 
resource allocation for patients unlikely or unable to benefi t from continued treatment.
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ETHICAL ISSUES IN YOUNG CHILDREN

CASE 7-2
A 6-year-old girl with juvenile diabetes no longer wishes to cooperate in testing her blood sugar and taking 
insulin injections. Lack of insulin will cause the child to lose weight and eventually become seriously ill. Her 
parents seek advice from the pediatrician on what to do. Should the pediatrician respect the child’s refusal? 
Should the parents punish the child for noncompliance?

Although most young children lack the capacity to make binding choices, their individual needs, interests, and 
perspectives must still be a central focus of health care decisions. Certain aspects of treatment and decision 
 making permit, and sometimes even require, the participation of young patients. Th e proper role of children 
in planning care depends less on chronologic age than on developmental and personal capacity. For example, 
although 10-year-old children are usually less able to understand abstract concepts than adults, some may act or 
think quite maturely. Children even younger than 10 years of age often have a keen appreciation of their own 
clinical situations and options. Although very young children may be unable to envision the future benefi ts of a 
treatment that may justify its associated burdens (e.g., pain, discomfort, hospitalization), adults should not ignore 
children’s perceptions of those burdens. Physicians should encourage children to verbalize their feelings and to 
choose methods to enhance their comfort or acceptance of painful or unpleasant procedures.

As children become older and more perceptive, they should be involved more fully in decision making 
concerning their care. Children may have religious or other values that shape their responses to illness, and 
they often are able to articulate personal goals and even views of death that warrant respect. Th ere is no simple 
formula for determining whether and to what extent children are capable of participating in planning their own 
care. Parents and pediatricians should jointly decide how much weight to give children’s treatment preferences, 
taking into account not only the child’s level of understanding and ability to anticipate future consequences of 
present actions, but also the gravity of the decision in question, the likelihood of benefi t, and the probability and 
severity of the burdens of treatment. Adults should respect children’s right to disagree. However, on occasion, 
parental wishes must prevail for the best interests of the child.

For example, take the case of the 6-year-old girl with diabetes who is refusing to cooperate with the treat-
ment regimen. Th e girl’s inability to fully assess the consequences of her actions is a sign of immaturity, and she 
is at signifi cant risk of serious harm if her pediatrician and family accept her choices. Th e clinician, in concert 
with the family, must provide treatment while working with the child to help her understand why this particular 
regimen is being followed.

At the very least, physicians or parents should inform children, in terms appropriate to their developmental 
level, about the nature of their condition, the proposed treatment course, and the expected outcome. By asking 
children about their hopes and fears, health care professionals and families may gain understanding about what 
the illness means to an individual child, and it may also provide valuable insights into how well children process 
information and form opinions. Such eff orts foster children’s cooperation and involvement and increase children’s 
feelings of self-esteem and respect.

Because of parents’ desire to protect, they may object to informing their children about a disease, proposed 
treatment plan, or prognosis. Health care professionals have an obligation based on an independent relationship 
with children to ensure that they receive adequate information. At the same time, these professionals should 
help parents understand that a conspiracy of silence rarely succeeds, often leaves children with unanswered ques-
tions and fears, and may be harmful to children’s development of trust.

Regardless of children’s level of participation in planning care, physicians should give young patients as 
much control over actual treatment decisions as possible. Even 2- and 3-year-old children may be able to help 
manage their treatments or at least determine the order in which various procedures are performed. Physicians 
and parents should not mislead or deceive children about their degree of authority. If a negative answer is un-
acceptable, then health care professionals and caregivers should avoid asking for children’s approval. If a proce-
dure is necessary, honesty demands that physicians off er children a more limited but feasible range of options 
(e.g., choosing in what order to receive a series of tests or whether or not to have a parent present).

Many childhood illnesses are chronic in nature with acute exacerbations and times of quiescence of  disease. 
Young children faced with such chronic illnesses may develop and articulate clear sets of values and desires 
 concerning future treatments and future quality of life. Th e child’s perspective should be an integral part of 
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planning care. Th e goal for health care of chronically ill children should be to prolong and normalize their lives, 
optimize their functioning, and enhance their future potential productivity. Th ese goals are not always attainable, 
and some physicians and parents may wish to provide all available therapeutic interventions, even those that 
off er only the slimmest possibility of achieving short- or long-term survival. Aggressive treatments that hold 
out little hope of success may be excessive and cause children to suff er pain, fear, and isolation for little potential 
benefi t. Physicians and parents must deal with the diffi  cult issue of knowing when to decrease technologic in-
tervention and to increase palliative and comfort care. Continued unsuccessful attempts at treatment may divert 
children and families from integrating the inevitability of impending death.

An increasing number of chronically ill children are dependent on technology such as respirators, intrave-
nous feeding, and dialysis machines. Th ese infants and children are often “graduates” of neonatal and pediatric 
intensive care units and benefi ciaries of new life-saving technologies. Because they will require technologic 
assistance for many years, perhaps for the duration of their lives, many people contend that these children are 
better off  living at home. Th us, programs that allow for the home care of technology-dependent children have 
developed throughout the United States.

Many families have accepted the responsibility of caring for technology-dependent children in the nurtur-
ing environment of the home. Such families are motivated by a clear desire to have their children at home as part 
of the family, and for the most part, the family provides the majority of the child’s care. It has become increas-
ingly clear that it costs less to care for technology-dependent children at home than at an acute care hospital 
or chronic care facility. Th is realization has created an important ethical dilemma. In order for society to spend 
fewer dollars for the care of children, it has become common to ask families to assume the burden of care, with 
consequent family cost and disruption.

Society must address and defi ne the limits of parental obligation to chronically ill, technology- dependent 
children. Th ose families who make great sacrifi ces deserve praise, but at the same time, do those who do 
not wish to or cannot provide this extraordinary level of commitment to their child warrant condemnation? 
Should  society take custody of a child away from parents because they cannot provide adequate home care for 
a  technology-dependent child? Even if a family has the ability to provide such care, does this imply that they 
are obligated to keep their children at home when this will dramatically aff ect the lives of others in the family? 
If home care for children is a good that society wishes to foster, families should receive adequate social support 
and fi nancial incentive to make caring for children within the family an experience that enhances the interests 
of all concerned. Families who object should not be forced to care for children at home; society should provide 
creative alternatives to care for such technology-dependent children while allowing parents the ability to main-
tain their legal and emotional ties to their children.

SPECIAL PROBLEMS OF ADOLESCENTS

CASE 7-3
Samantha is a 15-year-old girl newly diagnosed with leukemia. She and her family want her doctors to do 
everything to cure her of this serious disease. However, she and her parents are Jehovah’s Witnesses and 
will not accept blood or platelet transfusions if they should become necessary secondary to complications 
of the aggressive chemotherapy required to eradicate the leukemic cells. Should the pediatrician respect the 
adolescent’s and family’s wishes concerning transfusion? Should the pediatrician allow the family and the 
child’s wishes to result in her death?

Adolescence is a period of intense physical growth and maturation, accompanied by rapid changes in cognitive 
capacity, abstract thinking, and moral development. As children move into adolescence, they interpret the values 
inculcated by their family and develop opinions of their own. Th ey shape their opinions fi rst through comparisons 
to their peer group and later by a fi rmer sense of self and the ability to assess options and understand the conse-
quences of actions. Increasingly, they base moral choices on abstract values, but peer infl uences sometimes over-
ride internal concepts of right and wrong. Adolescents are well-known for an increased propensity for risk-taking 
behavior, which results from their curiosity, sense of omnipotence, and a drive to establish independence from 
parents and other authority fi gures. Illness itself may be a major infl uence on adolescent development and the ca-
pacity to make health-related decisions. Although certain diseases or therapies may impair cognitive function and 
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limit the ability to participate in decision making, experience with an illness over time may empower adolescents 
with clear understanding of both the choices and consequences of a given health care decision.

Age alone is not a suffi  cient determinant of intelligence, experience, maturity, or perception, and physicians 
and parents should not use age as the sole criterion when deciding whether teens are capable of participating in 
health care decisions. Even cognitive ability alone is not suffi  cient. Th e combination of maturity and the ability 
to weigh the risks and benefi ts of alternative courses of action with an understanding of future consequences is 
the key to assessing the ability of adolescents to make independent decisions. Decisions of adolescents about 
their own health care deserve great consideration if they are able to:

• Make virtually all decisions about their daily aff airs
• Fulfi ll school or work obligations
• Make and keep medical appointments
• Articulate needs and follow recommendations
• Appear to understand the benefi ts and risks of proposed treatments

Physicians should respect the wishes of this 15-year-old girl, unlike those of the 6-year-old girl in Case 2, if the 
teenager has a fully developed view of her religious beliefs and the ability to understand the consequences of her 
choices. Careful assessment of the adolescent’s ability to make decisions and an assessment of her independence 
from parental coercion must be performed before deciding to allow her view to prevail. Adults are given the 
right to refuse any treatment based on respect for their autonomy, including the right to refuse treatment even 
with grave consequences. It may be diffi  cult for pediatricians to accept that adolescents have reached the level of 
maturity required to make such choices, but many teenagers do have the capacity to make hard decisions, and 
their views warrant respect. Th is is particularly true when adolescents and their parents are in agreement, as in 
this case, and their views and values confl ict with physicians’ recommendations.

Ideally, decisions concerning adolescents should be collaborative and include patients, parents, and health 
care professionals. If adolescents disagree with their parents about the best course of treatment, and health care 
professionals believe that this choice is reasonable, physicians should respect the young person’s position after a 
careful assessment of the adolescent’s capacity and mental health. At the same time, clinicians should attempt 
to work with the families to develop a reasonable plan of management. Pediatricians should not accept parents’ 
surrogate decision making for patients whom they believe to be functionally autonomous.

If adolescents request confi dentiality in an attempt to prevent their parents from learning of impending 
death or to hide certain behaviors that have resulted in an illness or injury, health care professionals are faced with 
another ethical dilemma. Physicians should explain the full scope of the problem to their patients, emphasizing 
that it may be more diffi  cult to maintain confi dentiality as the condition progresses, and there will be an increasing 
need for continuous support from a caring adult, preferably a parent. Most often, adolescents will benefi t from the 
emotional support of parents and other family members, and health care professionals can help young people by 
explaining this and creating a plan that ensures family involvement. Many professionals who work with adolescents 
believe that if teenagers insist on maintaining confi dentiality, physicians should comply with their patients’ request 
not to share information with parents. Physicians who are unwilling to maintain confi dentiality should explain this 
to adolescents. Clinicians should not violate an adolescent’s trust by informing the parents and asking the parents 
not to tell a child of their knowledge of the matter.

Some adolescents are, by law, considered emancipated minors capable of making legal and binding deci-
sions concerning their own health care. In general, these emancipated minors live independently, are in the 
 military, or are parents of their own children. In addition, in most jurisdictions, even adolescents who are not 
emancipated may legally consent to medical treatment for sexually transmitted diseases, pregnancy and its 
prevention, and abortion services. It is clear that many older adolescents possess suffi  cient maturity and should 
be allowed to consent to or refuse care without parental involvement. Th e appropriate role of health care pro-
fessionals who are caring for adolescents is to respect their patient’s evolving autonomy and foster the young 
person’s role in decision making whenever possible.

END-OF-LIFE CARE
Sadly, there may come a time in the care of critically or chronically ill children when parents and health care 
professionals may need to question the appropriateness of continued treatment or the initiation of new treat-
ment. Concerned adults may value children’s intrinsic worth and want to support their interests, but they must 
also face the reality of the impending death of a child.
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When considering allowing children to die, many physicians believe that withdrawing a treatment is 
 legally and morally less justifi ed than withholding one, but this distinction is erroneous. In the real world, bad 
deeds seem to occur more often because of someone’s action rather than from lack of action. However, in the 
physician–patient relationship, with its implied contract to help and provide appropriate treatment, there is no 
moral diff erence between withholding and withdrawing a treatment if the expected result of either action is the 
death of the patient. If there is a good reason to withhold a particular treatment from a particular patient, then it 
is equally defensible to withdraw that treatment if it is ineff ective after it has begun. Conversely, if a treatment is 
morally indicated, it is just as wrong to withhold that therapy as it would be to withdraw it. Th ere is no question 
that it is psychologically more diffi  cult to withdraw a treatment than to withhold one, but this psychologic dif-
ference does not create an ethical distinction. In addition, although many physicians believe that there is a legal 
diff erence between withholding and withdrawing treatments, in the opinion of most legal scholars, nothing in 
the law makes stopping treatment a more serious legal issue than not starting it in the fi rst place.

In recent years, some medical professionals have contended that withdrawing a treatment after a time-
limited trial of effi  cacy is morally superior to withholding a treatment because of its uncertain eff ectiveness. 
Physicians often make decisions to withhold therapy in emergent situations in which uncertainty of outcome is 
quite great and contemplative discussion is impossible. On the other hand, they may base decisions to withdraw 
a treatment after a trial of therapy on additional information and perhaps more thoughtful discussion with 
patients or parents.

Some parents regard survival of severely ill or debilitated children as undesirable, and they sometimes resist 
proposed therapies that are unlikely to fully restore their child’s health and function. Other parents believe that 
life has value under any circumstances, regardless of suff ering, disability, or handicap, leading to requests for any 
and all treatments that can conceivably prolong children’s biologic survival. Ascertaining what constitutes the 
best interests of children in these uncertain circumstances can be extremely diffi  cult.

Perhaps the clearest example of such a case is that of children who have been diagnosed as brain-dead 
and whose organ functions can be maintained only by technologic support. In virtually all jurisdictions in the 
United States, determinations of death are possible after the irreversible cessation of circulatory and respira-
tory functions or the irreversible cessation of all functions of the entire brain, including the brainstem. Th ere 
are specifi c brain death criteria for children; a degree of caution is necessary when applying them in very young 
infants. After a competent determination of brain death, children are deemed to be dead and, therefore, to have 
no interest in continued treatment. In such circumstances, most experts believe that no treatment should be 
provided even if requested by parents. Technologic intervention may continue for a short period of time for 
psychosocial support of the family or for maintaining organs for transplant donation but not in the interests of 
the deceased child.

Children who have no cortical function and no conscious ability to respond to the external environment 
but who do not fulfi ll the criteria for brain death (e.g., a child in a persistent vegetative state) present a more 
complex case. Th e only possible benefi t of continued treatment is the prolongation of physical survival or the hope 
of an error in the diagnosis of irreversibility. Careful neurologic examination and testing with reference to the 
cause and circumstances of the illness or injury can make misdiagnosis extremely unlikely. Because such children 
presumably cannot experience either suff ering or joy or interact with the environment, they have few interests, 
if any, to which a “best interests” standard might apply, except the interest in being maintained in a comfortable 
and dignifi ed manner. In these cases, in which there is no interaction with the environment and yet no pain and 
suff ering, the “best interests” standard requires a supplementary standard that considers the presence or absence of 
basic human capacities. Th e ethical principle that justifi es this additional standard is the proposition that biologic 
human life is only a relative good in the absence of certain distinctly human capacities such as self-consciousness 
and the ability to relate to others. Professionals may counsel parents faced with such tragic circumstances to with-
hold or withdraw all life-sustaining medical treatments from their children on the basis of a perception of the 
child’s interests and possible future quality of life, as well as the potential minimal benefi ts of continued treatment. 
However, it remains the parents’ choice whether treatment should be withdrawn or continued.

Decision making is more complicated when the prospect of successful outcome is less certain or the  degree 
of burden is high. Parents, physicians, and others may quite reasonably become distressed by the pain and suf-
fering caused by treatments expected to be of marginal usefulness. A small statistical chance of survival may 
not seem worth the agony of such treatment, especially if the course of therapy is prolonged. At some point, 
acceptance of likely death by physicians and parents, as well as children, may be preferable to exerting all eff orts 
to avoid it. Th ere is no easy way to determine when the burdens of treatment become suffi  ciently great to  warrant 
a change in management away from attempts at cure solely toward the promotion of comfort. However, sound 
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decision making requires that parents and their children, in consultation with health care professionals, make a 
judgment about the proportion of benefi ts to burdens. When it is recognized that attempts at cure or restoration 
of function are no longer reasonable, the promotion of comfort becomes the primary goal of medical manage-
ment; the health care team must devote its eff orts to helping children and their families cope with the process 
of dying. Providing adequate pain relief is crucial in this endeavor, because both pain and the fear of pain create 
tremendous suff ering for everyone involved. In the care of terminally ill children, when promotion of comfort 
is the primary goal, most health care professionals do not hesitate to utilize full and eff ective doses of pain 
medication, even if a possible secondary eff ect is sedation, depression of respiration, and the possible hastening 
of death. Careful titration of pain medication is intended to promote comfort and should not be mistaken for 
an act of killing.

In addition, it is important to determine where children should spend their last days. Many children 
 experience a less traumatic and more comfortable death at home than in the hospital. If families receive  adequate 
support and are prepared to deal with pain relief and the signs and symptoms associated with impending death, 
home care may be appropriate. Many hospices off er support services to aid families who wish to support dying 
children at home. Alternatively, the hospital or inpatient hospice may be the appropriate setting for children 
whose families do not wish to cope with a terminally ill child at home. Death in the midst of loved ones and 
without the burdens of technologic intervention is possible in a hospital, either in an inpatient hospice unit or 
through special arrangements on pediatric units. It is important to develop an environment that facilitates con-
tinuing emotional and spiritual support for children and families before the child’s death; this should continue 
through the grieving process to assist families in coping with the profound impact of a child’s death.
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Health care economics is rarely discussed in traditional textbooks for medical students because it does not 
seem to be relevant to clinical medicine. However, current times clearly dictate a broader orientation for 
the successful practice of medicine. Systems-based practice is a core competency for all physicians-in-train-
ing and practicing clinicians. It is defi ned by the Accreditation Council for Graduate Medical  Education 
(ACGME) as actions that “demonstrate an awareness of and responsiveness to the larger context and system 
of health care, as well as the ability to call eff ectively on other resources in the system to provide optimal 
health care.” Systems-based practice requires at least some understanding of the economics of health care 
in our current world.

It is important for medical students to become familiar with the language of health economics ( Appendix 8-1). 
Th e Internet provides many additional glossaries, some of which are updated periodically (see Suggested  Readings). 
As the health care system changes, some terms fall into disuse and new concepts emerge. Yet, all health care pro-
viders must keep up with this terminology to eff ectively negotiate the system for their patients, their teams, and 
themselves. Without a fi rm understanding of who pays for health care, how insurance companies determine what 
they can provide, how the health care market works, and what life is like in local and national practice environ-
ments, future pediatricians will fi nd themselves at a distinct disadvantage.

Pediatric Pearl: Without being both competent in systems-based practice and knowledgeable 
of the local and national health care environment a physician is at a distinct disadvantage.
Pe
of 

Th is chapter provides some of this necessary information and background. It begins with a description 
of how the health care market diff ers from other markets and who pays for health care. It then continues with 
a discussion of the major forces (e.g., private industry and government) that have shaped the current system. 
Finally, the chapter will address how physicians will need to adapt their practice to the unfolding priorities of 
emerging health care systems.

HEALTH CARE: AN ATYPICAL MARKET
Th e health care market is intrinsically diff erent from the traditional supply-and-demand market because 
the products are never guaranteed and they often aff ect society in addition to the individual. Typical market 
 purchases result in direct satisfaction to the consumer with few externalities (e.g., secondary gains or spillover 
eff ects). Usually buyers are knowledgeable about the items they purchase, make rational choices, and are fairly 
certain about the outcome. For example, buying a lawn mower typically involves doing research and  purchasing 
the most suitable machine available. Th e lawn mower will cut grass and the consumer knows what they are 
“ getting for their money.” Although variations in price may infl uence the type of machine people buy, no one 
would buy more than one lawn mower just because they are becoming less expensive.

Purchasing health care involves an entirely diff erent series of decisions and rationales.
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Pediatric Pearl: It is health that gives satisfaction, not the purchase of health care. 
 Unfortunately, consumers are not able to predict how much “health” they will achieve 
by purchasing a specifi c amount of health care.

Pe
Un
by

Buying more health care may be an attempt to achieve good health, but it certainly does not guarantee it. 
In addition, the purchase of health care may have many spillover eff ects. For example, not only are families who 
receive immunizations healthier, but they also do not infect others who might be susceptible. (Buying a particu-
lar lawn mower has little eff ect on anyone but the consumer.)

Th ere is no perfect guide to the purchase of health care, and consumers may be poorly informed. Although 
current health care–related information is certainly better than it used to be, there are still few guarantees and many 
diff erences of opinion. In the past, people depended on providers and believed this was suffi  cient. Now, they seek 
information from insurance companies, advertisements, the Internet, the media, and other patients. Yet their educa-
tion is rarely comprehensive, which may contribute to the excessive or needless purchasing of health care services.

Th e purchase of a computer may simulate the atypical health care market most closely. In many cases, people 
still derive a sense of satisfaction when they buy a fancy computer with extensive capabilities well beyond their 
level of need. Often there is excessive buying or upgrading with marginal improvement in computer literacy.

Health does not permit a series of rational choices. When it comes to their health, many people say, “there is 
no limit to what I would spend.” However, the purchase of more health care services does not always result in bet-
ter health or an improved quality of life. For all of these reasons, the health care market is atypical (Table 8-1).

HOW MUCH DOES HEALTH CARE COST?
Health care expenditures have changed greatly since the beginning of the 20th century. In 1929, $3.6 billion was 
spent on health care that accounted for 3.5% of the gross national product (GNP), which is now referred to as 
gross domestic product (GDP). In 2008, national health expenditures exceeded $2 trillion, or 16.2% of the U.S. 
GDP. Th e average per capita expenditure, also known as the personal healthcare expenditure, rose dramatically 
as illustrated in Figure 8-1.

Although there has been a rise in health care costs worldwide, the curve has been steeper for the United 
States. However, there has not been a signifi cant gain in national health status. Even though the United States 
spends more money per capita than any other nation, it ranks only 37 out of 190 countries on the 2000 World 
Health Organization (WHO) health care systems performance list (based on population health and health 
system effi  ciency). In comparison, France held the 1st place but spent only 9.6% of its GDP on health care in 
2000, and Japan holds the 10th place but spends only 7.6% of its GDP on health care.

Pediatric Pearl: Each year, health care costs have increased by 5% to 11%. This has 
created an environment in which consumers and providers need to seriously examine the 
sources of these increases and develop methods for limiting them.
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 TABLE 8-1

Characteristics of Typical Markets and Atypical Health Care Markets

Typical Market Atypical Health Care Market

• Direct satisfaction to customer • Satisfaction from health, not medical care per se

• No externalities or spillover eff ects • Externalities or spillover eff ects

• Well-informed consumer (certainty concerning 
outcome of purchase)

• Poorly informed consumer (little knowledge 
about competence of provider; signifi cant degree 
of uncertainty about outcome)

• Rational consumer • Health is not a rational series of choices
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Physician services account for a signifi cant percent of health care costs, but not the majority (Figure 8-2). 
Over the past 50 years, expenses for physicians have amounted to an average annual increase of 10% to 11%, which 
has remained steady compared with other health care costs. In 2008, physician and clinical services accounted for 
21% of the health care dollar spending. Hospital care has been costing more (31% of every health care dollar in 
2008). In 2000, although physician and clinical services accounted for $286 billion, hospital costs accounted for 
$412 billion; in 2008, these two fi gures were $496 billion (physician and clinical) and $718 billion (hospital care). 
Both categories together accounted for 52% of all health care dollars spent. As everyone has become concerned 
about the infl ationary spiral of health care costs, these expenditures have become obvious targets of reform. 

WHO PAYS FOR HEALTH CARE?
Just as important as the increase in costs are the shifts in who pays for health care. In 1929, individuals and 
families paid for health care almost entirely out of their own pockets. Th e government accounted for only 4% of 
the payments, mostly for those veterans who had fought in previous military confl icts. In 1960, the sources of 
payment for growing health care costs shifted markedly to include a rising private insurance business (22%) and 
government support (24%). However, individuals continued to carry the majority of the burden. Th e Medicare 
and Medicaid legislation of 1965 changed those ratios once again, setting the stage for the dramatic shift in who 
pays for health care (Figure 8-3).

Before 1965, the poor and the elderly were often forgotten in their health care needs. Both the Kennedy and 
Johnson administrations recognized this mandate for reform and the resulting Medicare and Medicaid legislation of 
1965 changed the health care landscape forever for the nation and providers at all levels. By 1970, federal, state, and 
local governments (in combination) paid for 38% of all health care costs, and the individual contribution dropped to 
33%. By 2008, the share of the health care dollar paid for by the government accounted for almost 50%, and private 
health insurance paid for the remainder, about 34%. Individuals assumed only about 12% of the cost (see Figure 8-3). 
Nonetheless, such expenses can far exceed individual budgets. A 2007 national study showed that about 62% of 
personal bankruptcies had medical causes, even though three-quarters of these individuals had health insurance.
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FIGURE 8-1. Personal health care expenditures. What is the per capita cost for health care in the United States? In 1960, 
each person spent an average of $143 on health care. By 2000, that amount had risen to an average of $4,637, and it is 
expected to almost double by 2010. Th e sharpest rise occurred between 1970 and 1980, when the individual amount paid 
for health care tripled.
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Health care expenditures are not evenly distributed among the population. Th ey vary based on age, health 
condition, population group, and payer. Although the fi nancial burden for individual families to care for a sick 
child can be devastating, in general, children incur fewer health care expenses than individuals 65 years and 
older. In 2002, only 5% of the total health care costs were incurred by patients who were 18 years or younger. 
In 2007, the fi ve most costly health conditions in pediatrics (ages 0–18) were mental disorders ($10 billion), 
asthma/chronic obstructive pulmonary disease (COPD) ($7.8 billion), trauma-related disorders ($6.4 billion), 
 congenital anomalies ($5.2 billion), and acute bronchitis/upper respiratory infections (URI) ($4.8  billion). 
 Private insurance companies provide the largest payments for all of these conditions, ranging from 15.9% 
(for congenital anomalies) to 73.1% (for acute bronchitis/URIs). Medicaid payments range from 10.3% (for 
acute bronchitis/URIs) to 82.9% (for congenital anomalies), in the reverse order.

Pediatric Pearl: The fi ve most costly health conditions in U.S. pediatrics are mental 
 disorders, asthma/chronic obstructive pulmonary disease, trauma-related disorders, 
 congenital anomalies, and acute bronchitis/upper respiratory infections.
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When sorting the population into how much money for health care is spent per year, government data 
from 2002 showed that those who spend the most amount of money (the top 5%) are responsible for 49% of 
all health care costs. In contrast, the bottom 50% (those who spend the least money for health care) contrib-
ute to only 3% of the national health care costs per year. Th is pattern has been fairly stable over the past few 
decades. Hence, sharing the cost for providing health care with the least sick and lowest utilizers (e.g., those 

FIGURE 8-2. National health expenditures. How much money does the United States spend on health care? Th is graph 
illustrates the sharp rise in national health care expenditures over the past 50 years. Th e breakdown into diff erent types 
of expenses illustrates that some are rising more quickly than others. Most expense categories double each decade, but 
the monies spent for prescription drugs seem to triple during these periods and are of special concern. “Other expenses” 
include dental services, nursing homes, durable medical equipment, and government public health activities.
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under age 50) allows for decreasing the felt costs for older populations who often would be unable to pay their 
fair share. Intergenerational spreading of cost can provide a shared benefi t for all. Th is would follow the same 
principle that underlies the paycheck deductions for Social Security and Medicare.

FUNDING FOR GRADUATE MEDICAL EDUCATION
Th e Medicare and Medicaid legislation of 1965 also instituted additional support for graduate medical edu-
cation (GME). Many people still do not realize how broad in scope that legislation was. Th e creators of that 
landmark ruling envisioned that physicians-in-training at academic health centers would provide much of the 
health care for individuals older than 65 years of age or those who were very poor. Th ese trainees would receive 
supervision from senior physicians, who would be spending their time educating and not providing patient care. 
If not subsidized, maintaining residents would be extremely costly because they are inherently less effi  cient, 
utilize more tests, and burden the system in other indirect ways.

Pediatric Pearl: Medicaid and Medicare pay academic hospitals for training residents 
through direct reimbursements (i.e., salaries and fringe benefi ts) and indirect reimburse-
ments (i.e., teaching costs).
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Th e government assumed the fi nancial responsibility of many of these GME costs by allocating money 
through Medicare and Medicaid. Teaching hospitals receive a special amount per resident that varies by geo-
graphic region and poverty level of the population served. GME dollars are divided into two basic bundles: 
 direct medical education (DME) reimbursement, which includes the salaries and fringe benefi ts for the resi-
dents themselves, and  indirect medical education (IME) reimbursement, which covers the costs resulting from 
excessive test ordering, partial salaries of teaching physicians, and other inherent ineffi  ciencies of a training 
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FIGURE 8-3. Sources of health care payments since 1960. Th e bar graph shows the dramatic rise in coverage of health 
care payments by private insurance as well as federal and state programs. By 2008, almost half of all health care was being 
fi nanced by the government. In addition to out-of-pocket and private insurances there are also other private sources that 
have covered health care expenses (e.g., foundations, charities). Consistently over the past decades, these amount to 7% to 
9% of the yearly health care expenditures.
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 program. DME and IME  payments, which have become an integral and growing part of the government’s sup-
port of health care expenses, now account for over $7 billion of reimbursement to training programs annually.

HOW DID HEALTH CARE GET TO BE SO EXPENSIVE?
Th e marked change in who pays for health care in the United States, as indicated, has had a profound impact 
on every element of the health care industry: consumers, health care providers, insurance companies, businesses, 
and all levels of government. Until concerns about raising health care costs came into national consciousness, the 
various groups who had a stake in health care engaged in behaviors that in many ways aided and abetted the in-
exorable increase in annual expenditures. All participants in the health care setting played some role in the rising 
costs. For example, employers/businesses raised prices for goods and services to cover premium increases; insurers 
were eager to cover low-risk patients and reluctant to insure those with potential health care needs; physicians 
tried to see more patients and provide more services to receive more payment from third-party payers; hospitals 
could usually pass on increased costs to payers (government or private insurance); and  consumers (formerly called 
patients) were protected by insurance companies from understanding the true cost of health care.

Insurance has permitted health care consumers to utilize increasing amounts of services. Only deductibles 
and copayments force patients to assume some real costs for their health care, which may reduce excessive uti-
lization. If the cost of health care is completely assumed by the consumer, then the quantity demanded is low. 
If health care is completely covered (i.e., no cost to the consumer), demand for health care is at a maximum. 
Imposing a “deductible” forces consumers to pay up to a certain amount before their insurance takes eff ect. If 
insurance picks up a signifi cant portion of the costs, and consumers are responsible only for the “copayment” 
(e.g., as little as $5), they are likely to want more health care than if they had to pay full price. Suffi  ce it to say 
that price (cost) is a powerful infl uence on the purchase of health care.

Pediatric Pearl: Factors such as deductibles and copayments infl uence how people pur-
chase health care and are one way that insurance companies have attempted to infl uence 
the excessive utilization of health care—to limit the number of dollars spent.
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Because there is no real way to determine whether health itself is actually being purchased, there is a 
tendency to simply buy more. For example, parents may insist on antibiotics when their child suff ers from a 
common cold, even though it is neither necessary nor appropriate. Th is extra amount of health care purchased 
probably does not result in better health but only generates waste or loss to the greater society (e.g., high cost of 
antibiotics, drug resistance risks).

By passing along health care charges to other groups with little insight into the true implications of this 
practice, every stakeholder in the health care system contributed to the sense that the growing expenses for in-
creased utilization and technology could be ignored. It took a while before people realized that excessive health 
care use, with little regard for quality of outcomes and true gain, was no longer aff ordable. Although some of the 
key factors of health care infl ation are unavoidable due to population changes and technical advances, there are 
many factors that are amenable to intervention (Table 8-2). Stakeholders (e.g., businesses, government programs, 
hospitals, physicians, patients) have to modify their behaviors to make spending practices conform to a more 
 rational and disciplined model of care. From the physician’s perspective, this includes taking on a population-
based practice approach that looks beyond the needs of a single patient to the well-being of the community.

Th e next two sections describe how the health care industry, as well as the government, tried to halt the 
rampant health care infl ation. Some of these corrections have been excessive and some have been insuffi  cient; 
the situation is still evolving.

HEALTH CARE INDUSTRY EFFORTS TO CHANGE THE SYSTEM
In response to steadily increasing costs, physicians were forced to begin to look at their practices with a greater 
degree of fi nancial accountability. Th ey began to form diff erent types of group practices, partially in response to 
payer shift and partially out of a desire to maintain quality and income. Hospitals, the greatest source of health 
care expenses, began to impose increasing restrictions on spending, personnel, and equipment. Capital pur-
chases and building projects came under greater scrutiny, and personnel ineffi  ciency and excessive technology 
purchases were sharply curtailed or altered. However, there was no sweeping eff ort to change the system until 
managed care became a prominent force.
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 TABLE 8-2

Causes of Health Care Infl ation

Unavoidable Factors Discretionary Factors

• Aging of population • Medically uneducated, insuffi  ciently price-sensitive consumers

• Technology and its success in 
prolonging life

• Highly fragmented insurance industry with little expertise in 
medical management

• Service cost infl ation • Massive excess hospital capacity, exacerbated by the proliferation 
of outpatient care

• Wildly varying standards of medical practice

• Resource focus on acute rather than preventive care

• Insuffi  cient medical outcome data

• Oversupply and overuse of physician specialists

• Heroic attempts to save virtually hopeless cases

• Malpractice fears and pressures

• Few eff ective pharmaceutical formularies

Managed care arose from the desire to “manage” care, to make it more organized, coordinated, and effi  cient 
than what it had become. In Principles of Managed Care, the American Medical Association (AMA) defi nes 
managed care as the “processes or techniques used by any entity that delivers, administers, or assumes risk for 
health services in order to control or infl uence the quality, accessibility, utilization, cost and prices, or outcomes 
of such services provided to defi ned populations.”

Managed care originated in 1929 when Michael Shadid, MD, created a prepaid group practice insurance 
plan for a farmer cooperative in Elk City, OK. In the same year two other physicians, Donald Ross and H. 
 Cliff ord Loos, started a prepaid plan for the Los Angeles Department of Water and Power. After these mod-
est beginnings other plans developed. Some of the pioneers were Kaiser Permanente (1945) and the Health 
Insurance Plan of Greater New York (HIP) (1947). However, it was not until the second half of the 1990s that 
managed care grew substantially and became a major force that encompassed many new concepts and strategies. 
Figure 8-4 illustrates some of the buzzwords that emerged and that are still shaping the way we think about 
health care today.

Not only did the managed care system make payers and providers scrutinize costs more carefully, it also 
 created entirely new reimbursement strategies (Table 8-3). Th ey range from minimal cost and quality control 
in fee-for-service (FFS) plans to a maximum of structure and control in staff  model health maintenance orga-
nizations (HMOs). Th e seemingly simple change in the payment system from FFS to prepayment resulted in 
a redistribution of risks and a revamping of emphasis from paying providers to deliver diagnosis and treatment 
to paying them for keeping patients well. Each provider receives a preset amount of money (capitated payment) 
to care for a predetermined number of patients (a population) in a given period of time. A provider who does 
less work (e.g., because patients are healthy or services become more effi  cient) can keep the extra money. In 
contrast, another provider, whose patients are ill more frequently, may have to work more, thus exceeding the 
fees received.

At fi rst, many hospitals and physicians found these methods onerous, and they tried to hold on to the status 
quo that had proved profi table for health professions for so long. Th ese care providers are now being blamed for 
having squandered valuable opportunities for the medical profession to take an active stance in improving the 
health care system. Because corporate entities demonstrated more responsibility for cost containment and a bet-
ter appreciation of service outcomes, much of the control over spending on health care is now out of the hands 
of physicians and physician groups and in the hands of corporations.

Many physicians who initially resisted the movement toward managed care were later forced into partici-
pating because of growing competition. If they did not join a plan or collaborate to create one of their own, they 
were at risk for losing many of their patients. With the overall tightening of the economy also came a major 
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Risk sharing Profiling Incentives Prepaid plan Capitation

Population Patient panel Members Providers
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necessity
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FIGURE 8-4. Key concepts and strategies developed by managed care. CQI, continuous quality  improvement; DRG, 
 diagnosis-related group; HEDIS, Health Plan Employer Data and Information Set; HMO, health maintenance 
 organization; IPA, independent practice association; POS, point of service; PPO, preferred provider organization.

push to managed care plans from employers, who eagerly embraced newly emerging organizations that prom-
ised health care delivery for a lower cost. Indeed, in the mid-to-late 1990s, there was a sharp drop in employee 
premiums. However, that cost is increasing again, and now, the corporate world is contemplating its general 
ability to off er health care benefi ts.

With HMOs, the fi nancial risk of having to expend health care resources shifted to providers and hospitals 
rather than remaining with insurance companies. Because physicians are a key element in the distribution of 
health care, the overutilization of health care resources that had been a problem in the past quickly became a 
concern about underutilization. Health care providers were encouraged to order fewer rather than more tests, 
and to prescribe less expensive rather than more expensive medications—not always on the basis of scientifi c 
evidence.

Pediatric Pearl: Physicians are a key element in the distribution of health care. If medical 
decisions are not based on scientifi c evidence, but rather on economic incentives, there are 
risks for under- and overutilization.
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Initially, it was assumed that because health care plans had an incentive to keep their members healthy, 
they would heavily invest in prevention. However, the combination of requiring care by a selected number 
of providers and having health care insurance linked to employment created a problem. Members (i.e., the 
 contracted patients) were not long-term participants; they were disenrolled when they lost their jobs or changed 
employment or when they got older or sicker. Th is reduced the incentive to invest in prevention, which requires 
a long-term perspective.

Many of the HMOs that started in the 1940s to 1960s were not-for-profi t. In comparison, some of the 
newer companies were for-profi t, and thus their central focus became stockholder shares, rather than investing 
in patient care. Methods of cost control entailed the exclusion of sicker patients, micromanagement of clinical 
decisions, denial of benefi cial but expensive care to some patients, perverse incentives for providers, and  pitting 
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specialists and primary care physicians against each other. New ethical concerns about “ squeezing care to ex-
pand profi ts” arose quickly. Although it is unacceptable to waste resources, it is just as unethical to withhold 
them unnecessarily. Th e “gag rule,” which forbids providers to take any actions or make any communications 
that could undermine the confi dence of enrollees or the public in a health care plan (e.g., reveal incidences in 
which cost-cutting measures would inhibit proper care), was quickly abandoned. Th e initial eff orts to control 
the resources through gatekeepers was met with much resistance by patients and resulted in a gradual relaxation 
of such rules.

After a steep rise in popularity in the late 1990s the managed care approach to health care delivery came 
in disrepute. New concepts and terms emerged, with accountable care organization (ACO) being one of them. 
An ACO is defi ned as a group of primary care physicians, specialists, and hospitals that have been incentivized 

 TABLE 8-3

Types of Health Care Organizations

Increasing Control of Cost and Quality

Indemnity, Fee-for-
Service Plan (FFS) 

Preferred Provider 
Organization (PPO)

Point-of-Service 
Plan (POS)

Health Maintenance 
Organization (HMO)

Provider is reimbursed 
for number and type of 
services performed

Selected panel of 
providers who agree to 
discounted fee schedule

Combines HMO and 
indemnity options

Prepaid, comprehen-
sive health coverage 
for hospital and 
physician services

Provider’s income 
is  directly related to 
volume and  intensity of 
units of service rendered

Provider reimburse-
ment is FFS

Selection is made when 
need arises

Members are required 
to use participating 
providers

Insurer may pay 
 percentage of charges or 
utilize predetermined 
fee schedule

Patients are not 
 required to have 
 primary care provider or 
seek prior  authorization 
for services

Additional costs to 
patient if non-HMO 
providers are used

Primary care  providers 
act as  gatekeepers

Patients can obtain care 
from providers outside 
of plan but have higher 
copayments

All provider 
 reimbursement is FFS

In staff  model 
HMOs, physicians 
are employees 
(e.g., Lovelace Health 
Systems of New 
Mexico)

In group model 
HMOs, physicians 
work in a group 
 practice and contract 
with HMO (e.g., 
Kaiser Permanente)

In an Independent 
 Practice Association 
(IPA) model HMO, 
physicians maintain 
their independent 
offi  ces while contracting 
with an (or) the HMO
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with a system of rewards (or penalties) to join forces to more effi  ciently and eff ectively deliver their services to 
a specifi c population (e.g., through the development of “medical homes”). With the help of new names, some 
people hope it will be possible to capitalize on the many positive innovations of the past few decades and make 
the still much-needed health care reforms.

GOVERNMENT EFFORTS TO CHANGE THE HEALTH CARE SYSTEM
In parallel to industry eff orts to curb health care spending, the government also stepped in repeatedly in an 
eff ort to ensure accessible and aff ordable health care for its population. Table 8-4 summarizes some of the key 
events in the last few decades. 

By taking on a good portion of the health care expenditure through Medicaid and Medicare, it was pos-
sible to impose changes in reimbursement strategies that would have a nationwide impact. Moving away from 
straight-cost reimbursement to other methods such as diagnosis-related groups (DRGs), it was possible to scru-
tinize lengths of stay as well as question procedures, tests, and other heretofore unchallenged elements of medi-
cal practice. As a result, health care costs as a political agenda began to gather momentum, which culminated 
in Bill Clinton’s successful run for the presidency in the early 1990s. Health care became a legitimate target for 
change; patients, providers, hospitals, employers, and payers (including federal, state, and local governments) had 
a stake in seeing these costs come under control. As previously mentioned, the United States has spent billions 
of dollars on health care, but the country does not fare well in terms of public health indicators such as longevity, 
child survival, and immunization rates.

Th e old health care system was inaccessible to millions of people, rewarded costly interventions as op-
posed to prevention and fi scal prudence, and allowed individual providers to work and provide care regard-
less of practice conventions and scientifi c evidence. Th e Clinton administration attempted to pass legislation 
to create a universal health care system that would permit risk sharing among the entire population and 
would bring in those people who increasingly slip through the health care safety net. Th e purpose of universal 

 TABLE 8-4

Selected Governmental Infl uences on Health Care Systems and 
Health Care Economics
1965 Th e Medicare and Medicaid acts were passed by the U.S. government.

1971 Th e Nixon administration initiated a new grants and loan program to foster the development 
of HMOs.

1973 Th e HMO Act was passed by Congress to allocate funds for HMO development. It 
 preempted state laws that banned prepaid groups, and required companies with at least 
25  employees to off er a federally qualifi ed HMO.

1980 Th e Reagan administration discontinued the Offi  ce of Health Maintenance Organizations, 
which oversaw 118 federally qualifi ed HMOs.

1993 Th e Clinton administration tried to revamp the health care system, but concerns about 
 excessive government involvement pushed toward a resolution of the health care crisis in the 
market place, bringing managed care to the forefront.

1997 Th e State Children’s Health Insurance Program (SCHIP—now just referred to as CHIP) 
was initiated to cover more uninsured children whose family income was too high to qualify 
for Medicaid but inadequate to aff ord private health insurance. Th is state-level program is 
fi nanced through cigarette taxes.

2001 Th e Patient Bill of Rights was debated in Congress. It would have provided rights similar to 
the Consumer Bill of Rights, but the initiative failed in 2002.

2010 Congress passed the “Aff ordable Healthcare for America” Act, which was promoted by the 
Obama administration. It seeks to reform health care insurance and health care oversight.

HMO, health maintenance organization.
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 coverage is to allow all individuals to have health insurance, including those with the highest risk for develop-
ing a medical condition.

Pediatric Pearl: By having everyone in the same pool, the premiums from low-risk 
 individuals (those less likely to get sick in any given year) could cross-subsidize those who 
are at high risk.

Pe
ind
are

Spreading out the risk pool through universal coverage could achieve a lower per capita cost that would 
be fi nancially bearable for all individuals except the poor. Government funding would underwrite the costs for 
the truly indigent population. Although that legislation failed, the focus on health care expenditures became a 
national imperative.

In March 2010, after extensive debates and political challenges, the Obama administration was able 
to push through the 2010 Healthcare Reform Bill. Although it did not promise a unifi ed health care system 
(as some had hoped), it did include some major reform packages that should allow for better coverage and bet-
ter brakes on health care spending. Some of the key issues underlying the debate were: Is health care a “right” or 
a “privilege?” Who should have access to health care and under what circumstances? Who should be required to 
contribute toward the cost of providing health care? What should be done about those who do not have insurance? 
Th is uninsured and underinsured group includes many needy children and families who are above the Medicaid 
level, not eligible for SCHIP, and who cannot aff ord private insurance, even if it provides only minimum benefi ts.

Pediatric Pearl: Over 6 million children remain uninsured or poorly insured, and certain 
subpopulations (e.g., minorities) are even more at risk for poor health coverage and health 
outcomes.

Pe
su
ou

Th e following section outlines some key elements that will determine future health care systems and 
fi nancial strategies.

THE FUTURE OF HEALTH CARE ORGANIZATIONS
Gradually, the health care system will stabilize. Not all corporate entities are motivated by the potential of mak-
ing money; many see our current crisis as an opportunity to increase access and advance health care delivery. 
Laws and regulations are being enacted to ensure that the rights of patients and health care providers are not 
compromised. Consumers also seem to be able to exert more infl uence.

Given the still rising health care costs and still increasing percentage of GDP occupied by health care 
spending, the recent push to truly reform health care’s organization and payment methodology has taken on 
new urgency. Simultaneously, a new category of concerns has arisen that will infl uence the practice of medicine 
as well as health care economics in all settings. Th is concern is quality.

In 1999 and 2001, the Institute of Medicine (IOM) issued two comprehensive reports that have revolution-
ized the expectations the public has towards physicians, hospitals, and payers. “To Err is Human: Building a Safer 
Health System” details the diff erent types of medical errors and their costs, both fi nancial and human, as they occur 
throughout the United States. Two years later, that report was followed by “Crossing the Quality Chasm: A New 
Health System for the 21st Century,” which described the core elements of system change that must occur if we, 
as a nation, are to achieve the quality of health care we desire for our population. Th is report outlined six elements 
that our organized health care system must achieve if it is to be the leader in health care worldwide (Table 8-5).

Th ese important goals set forward by the IOM have become the cornerstone of providing optimum care 
in what will be the new health care system that will eventually come to pass within the United States. Many 
international health care systems have already moved squarely in that direction, and the United States has trailed 
far behind on many outcome measures. Th is cannot be allowed to continue.

Pediatric Pearl: Quality of care is likely to become the central element of the U.S. health 
care system. Patients will demand it and third-party payers will make it the basis for their 
reimbursements.

Pe
ca
re
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It is vital that health care provisions are increasingly examined from the patient’s perspective. Ten  percent 
of children’s diseases are now chronic diseases in which care is complex and must be coordinated across a 
 number of diff erent subspecialties and disciplines. From the family’s perspective, quality care typically means 
that it is:

1. Continuous—Care should be available throughout the year and not just during encounters with physicians. 
Th is will mandate specifi c care measures that the patient or patient’s family can provide themselves. Disease 
management is a health care strategy that is geared toward ongoing support and tertiary prevention.

2. Collaborative—From the patient’s perspective, the physician is no longer the only person capable of 
providing care. Th e complexities of new tests, new treatment modalities, and new expectations will 
require teams of physicians and nonphysician clinicians (e.g., pharmacists, nurses, nutritionists, physical 
therapists) to collaborate in the provision of care. Clearly, parents or other caregivers will also need to be 
part of the team in order to ensure maximal outcomes.

3. Informative—Using the tenets of patient- and family-centered care, the best informed patient will 
make the best patient (and caregiver as it is typically the case in pediatrics). It is most important that 
physicians guide the information stream so that patients and their families can be directed toward the 
best sources, rather than just any. As the popularity of medical programming in the media demonstrates, 
health literacy is becoming a national concern.

4. Reliable—Patients need to be assured that they receive the best possible care with all the services (e.g., 
diagnostic procedures, medications, prophylaxis) needed to improve their health. If an intervention is 
not off ered, it must be made clear why it is not indicated and that it is not omitted because of oversight 
or cost considerations.

5. Proactive—Pediatricians have always been at the forefront of prevention on behalf of their patients. 
Given the complexity of health care in the 21st century, proactive care (e.g., anticipatory guidance, 
 immunization) is now even more important.

6. Safe—Patients want to feel safe when receiving care. Diagnosis and treatment should make them feel 
better, not make them sicker. Safety has to become a key element of medicine. Whether it is in the 
 inpatient or the outpatient setting, we have to remain committed to ensuring safety for all patients and 
their families.

With the six tenets of the IOM report and the six practices that patients (our consumers) will be consid-
ering essential for optimum care, pediatricians of the future will have to face complex medical  environments 

 TABLE 8-5

Institute of Medicine (2001): Performance Expectations of a High-Quality 
Health Care System
A health care system must be:

1. Safe—Th e avoidance of injury and harm from care that is supposed to help patients.

2. Eff ective—Th e reliable matching of evidenced based care with actual care. In other words, providing 
services based on scientifi c knowledge to all who could benefi t and, most importantly, refraining from 
off ering services to those not likely to benefi t.

3. Patient centered—Th e provision of care that is respectful of and responsive to individual patient’s 
needs and values by exploring them and incorporating them in clinical decisions.

4. Timely—Care is provided in a timely fashion, which, by defi nition, avoids unnecessary delays in 
 instituting it. 

5. Effi  cient—In this increasingly costly medical world, any avoidance of waste or unnecessary tests or 
treatments are vital to cost savings and to giving appropriate care.

6. Equitable—It is crucial that all care provided to patients is done on an equal basis across all 
 demographics and all patient populations, regardless of ethnicity, gender, geographic location, and, of 
course, socioeconomic status.
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and decisions with a new sense of mission and vision. Future success will be aided by a number of other 
 important new measures on the forefront of medicine. Th ese will include: (a) user-friendly electronic medical 
records that will be integrated between all settings (inpatient, outpatient, also private practices) to allow in-
formation sharing among all providers for optimally coordinate care; (b) total transparency about all interven-
tions for patients and their families by allowing them access to the electronic record system; (c) more thorough 
reviews of patients’ progress to monitor quality and eff ective use of resources by third-party payers; and (d) 
the imposition of potential penalties for not adhering to certain qualities of care measures. Overall, there will 
be an eff ort to diminish variability in care and to optimize quality of care (e.g., by following evidence-based 
medicine guidelines) and to reduce costs and maximize outcomes. Pay-for-performance is a fi nancial strategy 
to achieve this goal. Providers are remunerated according to how well they comply with the standards and how 
much they achieve the desired outcomes.

In order to bring costs down there will also have to be a refocusing from individual patients to the welfare 
of populations. Th is is likely to create some tension. What a single patient may want for him/herself in terms of 
health care resources may not be benefi cial for the common good. Physicians will fi nd themselves in a new role 
that includes advocacy for social justice. Population-based medicine does not come naturally to a profession that 
prescribes to an oath that puts the single patient “front and center.” However, it will be necessary for controlling 
health care infl ation and for moving medicine to the next level.

HOW TO PREPARE FOR THE FUTURE
Because of the changes in health care delivery systems, the training of physicians requires adjustments. As 
part of the IOM Quality Chasm Series, an eff ort has been made to identify the educational needs of all health 
care providers. Th e 2003 IOM report “Health Professions Education: A Bridge to Quality” postulates that all 
health care providers have to learn to (a) provide patient-centered care, (b) employ evidence-based practice, (c) 
apply quality improvement (which includes the elimination of waste), (d) work in interdisciplinary teams, and 
(e) utilize informatics. Residency programs (and, with increasing frequency, medical schools) now require the 
demonstration of competence in systems-based practice. 

Th e case described in Table 8-6 is one example of the shift in thinking that all physicians must make if 
the health of individuals and our society is to improve and if we are to achieve a level of quality seen in other 
Western countries. It illustrates how care can be eff ective, effi  cient, family-centered, evidence-based, proactive 
and safe. Better management of the disease and prevention will result in signifi cant costs savings in the long run 
(e.g., reduction in emergency department visits and hospital stays). As indicated previously, asthma/COPD is 
the second costliest condition in pediatrics in the United States. For the patient, having fewer illness episodes 
will result in fi nancial as well as emotional and social benefi ts (e.g., minimal loss of school time, improved ability 
to play and socialize with other children, increased sense of normalcy). As such disease management models are 
rolled out across all patient conditions and across all populations, the savings potential multiplies and the risk of 
adverse outcomes or errors drops signifi cantly.

Th e self-assessment tool in Table 8-7 provides an opportunity to develop a learning agenda in this area 
of medical expertise. Th e government (e.g., Th e Center for Medicare & Medicaid Services, Th e Agency for 
Healthcare Research and Quality, Th e White House) as well as private foundations (e.g., Th e Robert Wood 
Johnson Foundation, Th e Commonwealth Fund, Th e Kaiser Family Foundation) provide valuable resources for 
understanding current developments and future directions in the health care market.

Pediatric Pearl: Many foundations and governmental agencies provide online support for 
keeping up-to-date with the continuous changes in the U.S. health care system.
Pe
ke

Until recently, pediatrics has been relatively unaff ected by the national health care changes. In part, this can 
be attributed to the fact that proportionally less money is needed for the care of children because they are less 
likely to require costly interventions. In addition, some experts argue that there has been a lack of extensive out-
come data. First, fewer drug trials assess whether one medication is better and more cost-eff ective than another 
in children. Second, Medicaid, the primary governmental insurer of children, is administered by the individual 
states, which makes the accumulation and sharing of information more diffi  cult and less useful. Th is is unlike 
Medicare, which is a federal agency.
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 TABLE 8-6

A Child with Asthma: Example of How a Patient May Receive Effective 
and Effi cient Medical Carea,b

A 5-year-old boy with no signifi cant past medical history is brought to the emergency department 
by  ambulance. Th e mother says that her son is usually in good health. However, 3 days ago, he 
developed a mild cough that progressively worsened. He was playing outdoors when he suddenly 
came inside the house and told his mother that he found it diffi  cult to breathe. Th e patient’s mother 
noted that he was coughing and short of breath. She became scared and called for an ambulance. 
Th e boy received one  treatment of albuterol nebulizer from the emergency medical technicians on 
the way to the hospital.

In the emergency department:

1. Vital signs are as follows: temperature, 98.8°F; heart rate, 140 bpm; and respiratory rate, 32 breaths/min.

2. Oxygen saturation is 90% on room air.

3. Physical examination shows that the patient is alert but in moderate respiratory distress. 
HEENT, within normal limits; chest, symmetric with intercostal and supraclavicular retractions; 
lungs, diff use wheezing bilaterally; cardiovascular system, normal S1 and S2, with no murmurs; 
abdomen, benign.

4. Th e patient receives the following medications: albuterol nebulizer � 3, ipratropium bromide � 2, 
and prednisolone � 1.

5. Th e chest radiograph shows hyperinfl ation bilaterally with increased peribronchial markings.

6. Th e diagnosis is reactive airway disease. Th e boy is admitted for further management, and he stays in 
the hospital for 24 hours. Both parents are educated about asthma management prior to discharge.

Under a new and improved health care system, the following services are also routinely available for 
patients with asthma:

1. Enhanced asthma education for parent and patient prior to hospital discharge.

2. Regular visits to the primary care physician for checkups. Th e frequency of visits varies with the 
 severity of asthma.

3. Provision of an individualized, written asthma action plan.

4. Telephone services to provide support from medical staff .

5. Enrollment in a disease management program that includes parent and patient support groups and a 
visiting nurse to inspect the home for environmental triggers.

6. Peak fl ow scores for children 5 years of age or older, according to the ability of the child.

7. Referral to a specialist if the asthma is poorly controlled despite the primary care physician’s and 
 parents’ eff orts.

8. Reviews of the patient’s medications, emergency department visits, and hospitalizations by the 
 National Committee on Quality Assurance or a similar organization. Th ere is some increased 
 accountability for quality of care provided and adherence to standards for preventive strategies. 
Th e primary care physician is contacted and instructed to make adjustments if the quality of care is 
viewed as less than ideal. Th ese organizations also monitor the number of patients who:
• Receive a written asthma action plan
• Use medications with a spacer
• Use a home peak fl ow meter
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 TABLE 8-7

Systems-Based Practice Learning Needs Assessment
Please indicate where you stand in each of these competency domains.a

Competency Domains 

 Important for Systems-Based 

Practice

Know little/Need 

to start learning 

about it

Know  something 

but need to 

learn more

Know a lot/No need 

to include in my current 

learning agenda

1. Work eff ectively in various 
health care delivery settings 
and systems

❒ ❒ ❒

2. Coordinate patient care within 
the pertinent health care system

❒ ❒ ❒

3. Incorporate considerations 
of cost awareness and 
risk-benefi t analysis in patient 
and/or population-based care 
as appropriate

❒ ❒ ❒

4. Advocate for quality patient 
care and optimal patient care 
systems

❒ ❒ ❒

5. Work in interprofessional teams 
to enhance patient safety and 
improve patient care quality

❒ ❒ ❒

6. Participate in identifying 
system errors and implementing 
 potential systems solutions

❒ ❒ ❒

a Th ese competencies were derived from the ACGME description of competencies (see Suggested Readings).

 TABLE 8-6

A Child with Asthma: Example of How a Patient May Receive Effective 
and Effi cient Medical Carea,b (Continued)

• Receive instructions on the correct use of inhalers
• Receive counseling on the role of environmental irritants
• Receive annual pulmonary function tests

a Th is case was created by Valerie A. London, MD, when she was completing a managed care rotation during the third year of 

her pediatrics residency at Maimonides Medical Center in Brooklyn, New York. Tragically, she died in 2005, several years after 

completing her residency.
b Sources: Charles JH: Asthma disease management. N Engl J Med 337:1461–1463, 1997.

Bodenheimer T: Disease management—promises and pit falls. N Engl J Med 340:1202–1205, 1999.

Wagner EH: Th e role of patient care teams in chronic disease management. BMJ 320:569–572, 2000.

Health care economics continues to evolve as a science. Children and families must become a nation-
al priority. Despite some governmental eff orts, too many children do not have needed health care coverage. 
 Pediatricians remain the primary advocates for children’s health; their outspoken voices on behalf of children 
are a crucial building block for the overall health of children in the United States and throughout the rest of 
the world. It is hoped that the next decades will see a truly accessible, eff ective, and effi  cient health care system 
evolve to benefi t children, their families, providers, and society.
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APPENDIX 8-1

Selected Terms Used in Health Care Economics*
Accountable Care Organization (ACO)—Group of health care providers (primary care physicians, 

 specialists, and hospitals) that has been incentivized with rewards (or penalties) to collaborate on 
 delivering their services more effi  ciently and eff ectively (e.g., through implementing medical homes).

Benchmark—Measurable variable used as baseline or reference in evaluating the performance of an 
 organization or program.

Capitation—Fixed amount paid per enrollee per month to cover a defi ned set of services over a specifi c 
period of time, which may be more or less than the cost of the actual services provided.

Continuous quality improvement—Form of quality management that uses a systems approach and targets 
internal operating procedures to improve effi  ciency and eff ectiveness.

Coordination of benefi ts—Procedure that prevents double payment for services when a subscriber has 
coverage from two or more sources (e.g., additional insurance from spouse).

Copayment—Cost-sharing arrangement in which the patient pays a fl at charge for a specifi c service.
Current procedural terminology—Five-digit codes for all types of physician services and procedures, 

used for reporting and billing.
Deductible—Amount a patient has to forfeit directly to a provider before an insurance plan begins to pay 

benefi ts.
Demand management—Decision and behavior support system (e.g., self-care intervention, health  promotion, 

educational tools, telephone help lines) for encouraging patients to use medical services appropriately.
Diagnosis-related groups (DRG)—Classifi cation system instituted by the Healthcare Financing 

 Administration (HCFA) to establish Medicare hospital reimbursement rates. Patients are categorized 
by principal diagnosis, type of surgical procedure, presence or absence of signifi cant comorbidities 
or  complications, or other relevant criteria to determine the amount that Medicare will pay for their 
 treatment.

Direct medical education (DME) reimbursement—Part of the graduate medical education payment that 
hospitals receive for training residents. DME consists of salaries and fringe benefi ts for trainees.

Disease management—A systematic approach to provide care to a group of patients with a certain 
 condition (usually chronic) for the purpose of managing their health problem over time, improving 
outcomes, and lowering costs. Such management programs may involve patient and provider education, 
guidelines for applying alternative therapies, patient monitoring, and outcome assessments.

Enrollment—Recruitment of members to an insurance plan.
Externalities (spillover eff ects, secondary gains)—Costs or benefi ts that impact society but are not included in 

the market price of a good or service. Negative externalities have negative consequences (e.g., pollution), and 
positive externalities have positive consequences (e.g., the cost of immunizing one child does not include the 
extra benefi ts of preventing the spread of disease in the community).

Fee-for-service plan (FFS)—Insurance system in which providers and hospitals receive direct payment for 
their billed charges, either from the patient or from the insurance company (see Table 8-3).

Formulary—List of selected pharmaceutical agents believed to be most useful and cost-eff ective for patient 
care. Closed formularies limit clinicians to prescribing the drugs on the list, whereas open formularies 
serve more as a recommendation.

For-profi t entity—Company or organization that aims to benefi t fi nancially from the services it provides; 
opposite of non-profi t or not-for-profi t.

Gatekeeper—First contact provider (usually primary care practitioner), who determines the appropriate 
level and delivery of care for each patient by making the initial diagnosis; administering treatment; and 
authorizing referrals, tests, and hospitalization.

Graduate medical education (GME) reimbursement—Medicare and Medicaid funds that are given to 
hospitals that train residents. Th e reimbursement consists of two portions: direct medical education and 
indirect medical education payments.

Gross domestic product (GDP)—Current terminology for the total market value of all goods and services 
produced within a country during a given period, usually 1 year. Th e GDP equals the gross national 

product plus income from other countries. In the United States, this fi gure is tabulated and reported by 
the Department of Commerce.

Continued
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APPENDIX 8-1

Selected Terms Used in Health Care Economics* (Continued)
Gross national product (GNP)—Total market value of all goods and services produced by the citizens of 

a country during a given period, usually 1 year. Th e GNP was once the offi  cial measure of how much 
output the U.S. economy produced. In the early 1990s, the term was replaced by GDP, which does not 
include foreign income.

Healthcare Finance Administration—Branch of U.S. Department of Health and Human Services that 
administers Medicare and oversees the state-run Medicaid. Th is agency, which introduced the DRGs, also 
provides GME reimbursements.

Health maintenance organization (HMO)—Managed care organization that provides comprehensive 
health care to a certain population of patients for a prepaid, fi xed sum (see Table 8-3).

Health Plan Employer Data and Information Set (HEDIS)—Standard measures of health plan 
 performance (e.g., access, patient satisfaction, membership, utilization).

ICD-9-CM (International Classifi cation of Diseases, 9th edition, Clinical Modifi cation)—List of diagnoses 
and identifi cation codes used by physicians to report patient diagnoses to health plans. Th e next version, 
ICD-10, is already being scheduled for rollout.

Indemnity plan—Insurance plan in which the insured person or provider is reimbursed for all or part of 
the covered expenses after a service is provided; the opposite of a prepaid plan.

Independent Practice Association (IPA)—Type of HMO that contracts with physicians who see its 
 members in their own offi  ces, together with their other patients (see Table 8-3).

Indirect medical education (IME) reimbursement—Part of the GME payment that hospitals receive for 
training residents. It covers expenses incurred from excessive test ordering and other ineffi  ciencies. IME 
also supplements the salaries of attending physicians for their teaching activities.

Intermediate care facility—Facility that provides less comprehensive care than hospitals or skilled nursing 
facilities but more comprehensive care than can be given at home.

Management services organization (MSO)—Company that provides administrative, managerial, fi nancial, 
and managed care contracting services to providers, especially those in group practices. MSOs are used 
by hospitals to assist their affi  liated physicians.

Medicaid—State-sponsored health insurance for poor individuals. Medicaid is administered by state health 
departments but is overseen by the HCFA, a federal agency and its organizational bureau,  Center for 
Medicare & Medicaid Services (CMS).

Medical home—Approach to providing comprehensive primary care that facilitates partnerships between 
individual patients, their families, and their personal providers. Th is concept was fi rst introduced by the 
American Academy of Pediatrics in 1967.

Medical necessity—Judgment by a clinical expert that specifi c care is required to preserve the life or health 
of a patient.

Medicare—Governmental health insurance for individuals older than 65 years of age and those with a 
permanent disability. It is centrally administered by the HCFA, a federal agency and its organizational 
bureau, Center for Medicare & Medicaid Services (CMS).

Member—Person enrolled in a managed care plan.
Not-for-profi t entity—Organization or company that reinvests the majority of its profi ts in itself. It does 

not focus on enriching its owners or shareholders. Such institutions are subject to special regulations, but 
they also receive special tax benefi ts.

Patient panel—Members assigned to a single provider or a group of health care providers.
Pay for performance—Payment strategy that rewards hospitals, physicians, or other health care providers 

with fi nancial and nonfi nancial incentives based on performance on select measures (e.g., quality, safety, 
effi  ciency, patient experience, information technology adoption).

Per member per month—Measurement unit for operating statistics: one member enrolled in a HMO for 
1 month (whether or not the member receives services). Two member months may be one member who 
enrolls for 2 months or two members who sign up for 1 month each.

Personal health care expenditure—Average amount of money spent on health care by an individual in a 
given year.
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APPENDIX 8-1

Selected Terms Used in Health Care Economics* (Continued)
Physician hospital organization—Collaboration of physicians and a local hospital or group of hospitals to 

contract with managed care organizations.
Point-of-service plan (POS)—Managed care plan in which members can choose from a HMO, preferred 

provider organization, or indemnity plan at the time health care is needed. Th us, they do not have to make 
a  decision at the time of enrollment (see Table 8-3).

Practice guidelines—Systematically developed statements on medical practices that assist with clinical 
decision making for specifi c medical conditions.

Precertifi cation—Prospective review for the purpose of granting or withholding permission for diagnosis 
or treatment coverage.

Preferred provider organization (PPO)—Managed care plan that contracts with independent providers 
who render services to members at discounted rates (see Table 8-3).

Premium—Amount paid to an insurer or health care plan for providing coverage for a certain level of 
services during a specifi c time period. It may be paid by either an individual, or an employer or it may be 
shared by both parties.

Prepaid health plan—Entity that contracts to provide certain medical services to enrollees in exchange for 
capitation payment.

Profi ling—Systematic method for collecting and analyzing patient data to develop provider-specifi c 
 practice information.

Provider—Health care professional or organization that off ers health care services.
Quality management—Formal set of activities (e.g., quality assessment, corrective actions) to ensure the 

quality of services provided.
Report card—Tool for policy makers and health care purchasers to understand and compare the perfor-

mance of health plans or providers (e.g., quality and utilization, consumer satisfaction, administrative 
effi  ciency, fi nancial stability, cost control).

Risk sharing—Apportionment of chance of incurring fi nancial loss by insurers, managed care organiza-
tions, health care providers, and patients.

Systems-based practice—One of six core competencies required of all residents, regardless of specialty. 
It is mandated by the Accreditation Council for Graduate Medical Education and includes a working 
knowledge of the health care system and the ability to utilize system resources to optimize care.

Th ird-party payer—Insurance plan (e.g., HMO, Medicaid, Medicare, traditional insurance company) that 
pays providers for care. It acts as intermediary between the employer (who pays for health coverage) and 
the individual/member (who uses health care services).

Utilization review—A process that measures the use of resources (e.g., professional staff , facilities, services) 
to determine cost-eff ectiveness and conformity to criteria of optimal use.

*Italicized terms are also defi ned in the appendix.
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Infectious Diseases
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APPROACH TO THE EVALUATION OF THE FEBRILE CHILD
Physicians routinely encounter children with febrile illnesses. Fever is not harmful in itself; it is a symptom 
of underlying disease. Most fever in children results from underlying infection. Autoimmune disease, drugs, 
and neoplastic processes are less common causes. Rare causes of fever include central nervous system (CNS) 
abnormalities, thyrotoxicosis, and overheating (heat stroke).

Fever is an elevation in body temperature that occurs when the thermoregulatory center in the anterior hypo-
thalamus is reset to a higher level. Cytokines produced in response to infection or infl ammation, induce production 
of prostaglandin E2 and mediate fever. Normal body temperatures are subject to diurnal variation, with slightly 
higher (0.5° C to 0.9° C) [0.9° F to 1.6° F] core temperatures in the afternoon compared to early morning. Tem-
peratures taken by a rectal thermometer refl ect true core temperature, whereas oral and axillary temperatures are 
approximately 0.5° C and 1.0° C (0.9° F and 1.8° F) lower, respectively. Th e upper limit of normal body temperature 
in children is 37.9° C (100.2° F); a rectal temperature greater than 38.0° C (100.4° F) represents fever. Temperature 
elevation rarely exceeds 41.1° C (105.9° F) even in the absence of antipyretic therapy. Very young infants, unlike 
older children, are often unable to mount a febrile response to infection and may instead become hypothermic.

Viral infections cause most febrile illnesses in children. However, serious bacterial infections (SBIs) aff ect 
a small proportion of children. By defi nition, SBIs include meningitis, pneumonia, bone and joint infection, 
urinary tract infection, bacterial gastroenteritis, and sepsis and occult bacteremia. Children with occult bacter-
emia usually have only high fever but no other localizing fi ndings on the basis of a careful history and physical 
examination. Some cases of occult bacteremia resolve spontaneously without antibiotic therapy, whereas others 
lead to development of SBIs.

Pathophysiology
Infants less than 1 month of age are prone to bacterial infection with pathogens acquired around the time of 
delivery, when colonization by organisms present in the mother’s rectal or vaginal area occurs. Escherichia coli, 

Klebsiella pneumoniae, Enterococcus species, and Streptococcus agalactiae (group B streptococci) are the usual patho-
gens. In addition, Listeria monocytogenes may cause bacteremia and meningitis. Infants 1 to 3 months of age are 
still at risk for infection with these pathogens in addition to infection with S. pneumoniae, Neisseria meningitidis, 

and Haemophilus infl uenzae.
Older infants and children between 3 and 36 months of age are prone to infection with encapsulated 

bacteria such as N. meningitidis, and, in incompletely immunized children, H. infl uenzae type b and Streptococ-

cus pneumoniae. Both methicillin-susceptible (MSSA) and -resistant (MRSA) Staphylococcus aureus may cause 
bacteremia. Frequency of infection with Streptococcus pyogenes (group A �-hemolytic streptococcus [GABHS]) 
increases as children reach school age.

Pediatric Pearl: Widespread use of H. infl uenzae type b conjugate vaccine and pneumo-
coccal conjugate vaccine (PCV) makes bacteremia caused by these organisms less common 
in the completely immunized child. Therefore, a careful evaluation should include details of 
the patient’s immunization history.

Pe
co
in
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In older children and adolescents, bacteremia is infrequent, and N. meningitidis and S. aureus are the most 
common causes of serious infections.

Th e likelihood of SBI varies depending on age. Th e usual cause of fever is viral rather than bacterial (58% 
versus 8%, as reported in one study). In febrile infants less than 3 months of age, the incidence of bacterial infection 
ranges from 0.7% to 18.5%, with the highest risk in infants less than 1 month of age. In febrile children between 
3 and 36 months of age, the risk of occult bacteremia ranges from less than 1% to 5%, depending on whether the 
child is completely immunized. Th e organism most commonly isolated from blood culture is S. pneumoniae, al-
though isolation of this organism has become less frequent since the heptavalent PCV7 was implemented for rou-
tine vaccination of infants in 2000. Since then, infections caused by the seven S. pneumoniae serotypes contained 
in the vaccine have decreased signifi cantly. Th e 13 valent pneumococcal vaccine (PCV13) was licensed in 2010. 
It is expected that the expanded coverage against the additional six serotypes should further decrease childhood 
infections caused by S. pneumoniae. Infections with serotypes not contained in the vaccine do still occur, as well as 
infections with other organisms such as N. meningitidis, Salmonella spp., and MSSA and MRSA.

Clinical and Laboratory Evaluation
Information used to determine risk of SBI or occult bacteremia includes the clinical appearance of the child 
and the results of laboratory tests. Th e chance of obtaining a positive blood culture increases with high fever 
(over 39.0° C [102.2° F]), ill appearance, and abnormal laboratory fi ndings. Other factors associated with in-
creased risk of SBI include underlying chronic illness and immunodefi ciency.

However, neither laboratory studies nor careful observation is totally sensitive for detection of serious 
illness in febrile children. Th erefore, each child warrants careful, thoughtful evaluation. It is necessary to make 
every attempt to avoid unnecessary laboratory testing and overuse of antibiotics while providing appropriate 
care and antibiotic therapy for patients identifi ed as high risk.

History

Identifying febrile children at risk for occult bacteremia or SBI requires conscientious attention to parental con-
cerns. It is necessary to question parents regarding duration and height of fever, method of measurement, and 
use of antipyretics. Inquiries about the child’s behavior, appetite, and activity level are also appropriate. Previ-
ously healthy children who interact well, are playful and consolable, and have the ability to drink or eat and are 
interested in doing so are less likely to be seriously ill. Signs of serious illness include irritability, poor eye contact, 
failure to recognize parents, and poor interaction with people or the environment.

Physical Examination

Abnormalities in vital signs include fever or hypothermia, tachypnea, irregular respirations, apnea, tachycardia or 
bradycardia, and hypotension. It is important to examine the skin and mucous membranes for cyanosis, poor per-
fusion, and petechial or purpuric rash. Th e clinician should also examine the child for signs of meningeal irritation 
(Kernig and Brudzinski signs), pneumonia, heart murmur, abdominal infection, and musculoskeletal infection.

Careful documentation in the medical record of specifi c fi ndings on physical examination is important. It 
is better to avoid more general terms and to note, for example, that instead of being “responsive,” a child smiles, 
plays with the stethoscope, or takes a bottle from his mother. Similarly, use of the word “toxic” is less informative 
than saying the child is diffi  cult to awaken and has cyanosis and poor capillary refi ll.

Laboratory Evaluation

Febrile infants less than 1 month of age should have a sepsis evaluation, which includes a complete blood cell 
count (CBC), blood culture, urinalysis and urine culture, as well as examination of spinal fl uid with culture. 
If diarrhea is present, a stool sample for polymorphonuclear (PMN) cells and bacterial culture is appropriate. 
Infants with respiratory symptoms should have a chest X-ray (CXR) performed.

Recommendations for laboratory evaluation of febrile children between 1 and 3 months of age vary. A com-
plete sepsis evaluation is necessary in ill-appearing children. Th e extent of testing necessary in non–ill-appearing 
children depends on the risk of SBI. Children with low risk of SBI include those with a white blood cell (WBC) 
count of 5,000 to 15,000 cells/mm3, a normal urinalysis, and no PMN cells on stool examination (if diarrhea is 
 present). Laboratory fi ndings associated with occult bacteremia or SBI include an elevated or depressed WBC 
count (greater than 15,000 or less than 5,000 cells/mm3), an elevated sedimentation rate (ESR) or C-reactive protein 
(CRP), and an abnormal urinalysis or stool examination. A CXR should also be considered in children with a high 
WBC because physical examination fi ndings for pneumonia may be subtle in this age group. Children with a high 
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risk of disease should have a full sepsis evaluation. Recent studies show that elevated serum levels of procalcitonin 
may also be useful in predicting the presence of a SBI, although not many laboratories currently off er this test.

Suggested guidelines for laboratory evaluation and management of nontoxic-appearing febrile children be-
tween 3 and 36 months depend on whether their temperature is above or below 39.0° C (102.2° F). In general, 
non–ill-appearing children with a temperature less than 39.0° C (102.2° F) and no focal fi ndings on physical 
examination can be observed without laboratory evaluation. Th e laboratory evaluation of children with a tem-
perature greater than 39.0° C (102.2° F) depends on the child’s clinical appearance. Some clinicians defer initial 
laboratory tests and observe the child carefully; others choose to obtain a screening CBC. If the WBC is greater 
than 15,000 cells/mm3, a blood culture, urine culture, stool culture, and chest radiograph may be appropriate. 
As a practical matter, many clinicians choose to obtain a blood culture at the same time the CBC is drawn. Any 
child who is very ill-appearing should have a full sepsis evaluation, including lumbar puncture.

Differential Diagnosis
Infants less than 2 months old appear ill and have fever as a result of neonatal herpes simplex virus (HSV) 1 or 
2 infection. Th e spectrum of neonatal HSV infection ranges from skin, eye, and mucous membrane disease to 
disseminated infection and CNS disease. Neonatal HSV infection can be diffi  cult to distinguish from bacte-
rial sepsis. Signs and symptoms may include fever or hypothermia, vesicular skin or mucous membrane lesions, 
keratitis, seizures, pneumonia, hepatitis, and abnormal coagulation studies. Consideration of this diagnosis is 
important as patients must be managed with intravenous antiviral (acyclovir) therapy.

In older infants, a careful history and physical examination often reveals the presence of a readily identifi able 
viral illness (e.g., croup, chicken pox) or bacterial infection (e.g., acute otitis media [AOM], pneumonia, cellulitis). 
A well-appearing child between the ages of 6 months and 2 years with high fever with no source may have roseola 
caused by infection with human herpes viruses 6 or 7 (HHV-6, HHV-7) (see Roseola). Typically, the rash appears 
just as the fever resolves. Meningitis carries a high risk of morbidity and mortality and requires early antibiotic 
therapy, so it is often considered in the diff erential diagnosis of children with fever or signs of sepsis.

Management
Important management considerations include age, clinical appearance, reliability of the family, and results of screen-
ing laboratory tests. Antibiotics should never be initiated until appropriate cultures are obtained and should not be 
used in well-appearing older children whose laboratory results are unremarkable. Hospitalization for intravenous 
antibiotics or careful observation pending culture results is appropriate for all infants less than 1 month of age with 
fever. Hospitalization and empiric parenteral antibiotic therapy is also recommended for high-risk children between 
1 and 3 months of age (see Laboratory Evaluation). Hospitalization and empiric intravenous antibiotics are war-
ranted for ill-appearing children over 3 months of age. Antibiotic therapy is a consideration in nontoxic-appearing 
children over 3 months of age with high fever and elevated WBC pending blood culture results.

Unimmunized or incompletely immunized children are at higher risk for bacteremia with S. pneumoniae 

and H. infl uenzae type b. Parenteral (IM) ceftriaxone may prevent progression of bacteremia to focal infection 
with these organisms. Th erefore, in selected unimmunized or incompletely immunized non–ill-appearing older 
infants and children (over 3 months) who have elevated WBCs, outpatient parenteral antibiotics may be consid-
ered pending culture results, if follow-up within 24 hours is guaranteed. Th ere is no evidence that oral antibiotic 
therapy is eff ective in preventing meningitis.

It may be possible to identify a focus of infection on the basis of history and a physical examination. If so, 
management proceeds according to recommended guidelines for the specifi c infection.

Antipyretics are indicated for febrile children who are uncomfortable. However, infants should not receive 
antipyretics until they have undergone a complete medical evaluation for the source of fever. Several diff erent 
preparations of antipyretics are available. It is crucial that parents and physicians appreciate the diff erences 
between formulations made specifi cally for infants and children, including “junior strength” preparations. Th ey 
should use only the dosing instructions that accompany the product. Acetaminophen inhibits centrally medi-
ated prostaglandin formation and release; the recommended dose is 10 to 15 mg/kg/dose every 4 to 6 hours, not 
to exceed fi ve doses in 24 hours or more than a total dose of 4 grams/day. Ibuprofen exerts its antiprostaglandin 
eff ect peripherally; the recommended dose is 5 to 10 mg/kg/dose every 6 to 8 hours. Aspirin is not recom-
mended as an antipyretic in children because of the associated risk of Reye syndrome. Many over-the-counter 
cold and cough preparations may contain acetaminophen or ibuprofen, and parents should take this into account 
before giving additional antipyretic therapy. Over-the-counter cough and cold medications should not be given 
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to children 2 years of age and younger  because of potentially serious adverse eff ects. In addition, research shows 
that these preparations are not eff ective in children younger than 6 years and their use is discouraged.

ACUTE OTITIS MEDIA
AOM, the most common disease diagnosed in children, accounts for over 15,000,000 provider visits/year. In 
AOM, infection of the middle ear occurs when bacterial pathogens that colonize the nasopharynx multiply 
in the enclosed space. Studies show that more than 75% of children experience at least one episode of AOM.
Th e primary reason for dispensing antibiotics is treatment of AOM. Several factors place children at risk for 
the development of AOM (Table 9-1). Additional risk factors for frequent AOM include underlying palatal or 
craniofacial abnormalities.

Pathophysiology
Young children are more prone to AOM because they have shorter eustachian tubes, which lie in a more hori-
zontal position. Th e eustachian tube protects the middle ear from nasopharyngeal secretions, provides drainage 
of middle ear secretions into the nasopharynx, and equilibrates air pressure in the middle ear with atmospheric 
pressure. In AOM, viral upper respiratory tract infection causes swelling of eustachian tube mucosa and prevents 
normal drainage of fl uid from the middle ear to the nasopharynx. Other factors that impede normal eustachian 
tube drainage include enlarged adenoids or functional obstruction associated with decreased cartilage support 
of the tube in infants.

Th e most common bacterial cause of AOM is S. pneumoniae. Vaccination with the conjugate pneumo-
coccal vaccine in infancy appears to be associated with only a marginal decline in AOM. Th is is likely due to 
the fact that nonvaccine serotypes of S. pneumoniae also cause AOM. Prior to introduction of the conjugate 
heptavalent pneumococcal vaccine, the number of episodes of AOM secondary to drug-resistant S. pneu-

moniae paralleled the nationwide increase in isolates with intermediate (minimum inhibitory  concentration 

 TABLE 9-1

Risk Factors Associated with the Development of Acute Otitis Media
Age 6–18 months

Other siblings

Male gender

Premature birth

Family history

Bottle fed

Pacifi er use

Upper respiratory infection

Day care

Birth in the fall

Cigarette smoke

Allergies

Immunodefi ciency

Native American race

Lower socioeconomic class
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[MIC] � 0.1–1.0 �g/mL) and high-level (MIC greater than or equal to 2.0 �g/mL) resistance to  penicillin. 
 Vaccination of infants has been associated with a decrease in carriage of some of the serotypes that were 
likely to be drug-resistant; however, nonPCV7 serotypes that are drug-resistant have emerged. Infection 
with some of these drug resistant serotypes may be prevented by the newer PCV13 vaccine. Risk factors 
for infection with drug-resistant S. pneumoniae include residence in a community with high resistance rates, 
day-care  attendance, antibiotic use within the past 3 months, and age of less than 2 years. Nontypeable 
H. infl uenzae and Moraxella catarrhalis are two other organisms often isolated from infected middle ear fl uid. 
 Gram-negative enteric bacteria may also cause middle ear infection in neonates.

Recent evidence proves a specifi c viral etiology in many cases of AOM; respiratory syncytial virus (RSV) 
is isolated most frequently. Other viruses isolated from middle ear fl uid include parainfl uenza and infl uenza 
viruses.

Clinical and Laboratory Evaluation
Th e basis of diagnosis of AOM involves assessment of specifi c clinical fi ndings and eardrum appearance.

History

Children with AOM often present with acute onset of fever, pain, or irritability. Older children complain of ear 
pain, whereas younger children may manifest only irritability. Aff ected children often have a history of preced-
ing or concurrent upper respiratory tract symptoms.

Physical Examination

Physical examination of a child’s ears requires practice and patience. If the patient is unable to remain still, it 
may be necessary to ask the parent for assistance in restraining the child. Complete visualization of the tympanic 
membrane often requires gentle removal of cerumen with an ear curette under visualization or irrigation of the 
ear canal with a cerumenolytic such as hydrogen peroxide diluted with water.

Th e correct diagnosis of AOM involves the use of a pneumatic otoscope. Physical fi ndings seen on ex-
amination may include erythema and thickening of the tympanic membrane, engorgement of blood vessels 
around or crossing the tympanic membrane, loss of a normal light refl ex and bony landmarks, abnormal position 
(retracted or bulging), an air-fl uid level behind the tympanic membrane, decreased mobility of the tympanic 
membrane, or otorrhea.

Pediatric Pearl: Fever and crying cause the tympanic membrane to appear hyperemic. 
However, a diagnosis of AOM should not be made unless other features, particularly 
 bulging or fullness and decreased mobility, are present.

Pe
Ho
bu

Laboratory Evaluation

Th e diagnosis of AOM is made by clinical examination. Tympanocentesis to identify a specifi c bacterial patho-
gen is considered in immunocompromised children, in neonates, in the presence of a concomitant CNS infec-
tion, or in an infection that is refractory to multiple courses of antibiotics.

Differential Diagnosis
Conditions that warrant consideration in the diagnosis of AOM and ear pain are otitis media with eff usion 
(OME), otitis externa, mastoiditis, furuncle, foreign body, and referred pain (Table 9-2). It is essential to make 
the distinction between AOM and OME, which does not require the use of antibiotics (Table 9-3).

Management
Th e current standard of care for AOM is antibiotic therapy, which is indicated only in children with evidence 
of AOM. (See Chapter 25 for discussion of management of OME.) Several antibiotics are currently approved 
for treatment of AOM (Table 9-4). Amoxicillin, the drug of choice, is eff ective for treating infections with 
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 TABLE 9-2

Differential Diagnosis of Ear Pain

Diagnosis Physical Examination Findings Management

Otitis externa Swelling of external canal, discharge in canal
Pain with movement of tragus, normal TM

Keeping canal dry and clean
Antibiotic and steroid drops

Mastoiditis Erythema and pain over mastoid
Usually signs of acute otitis media � otorrhea
Anterior displacement of pinna

CT scan of mastoid
Surgical evaluation
IV antibiotics

Furuncle Visible in external canal, normal TM Oral antistaphylococcal antibiotics

Foreign body Visible in external canal, normal TM Removal of foreign body

Referred pain Normal examination of external canal and TM
Other source (e.g., dental abscess) found

Treating source of pain

CT, computed tomography; IV, intravenous; TM, tympanic membrane.

 TABLE 9-3

Clinical Findings in Acute Otitis Media and Otitis Media with Effusion

Acute Otitis Media Otitis Media with Eff usion

Fever Nonspecifi c signs of viral infection

Pain Rhinitis, cough, diarrhea

Bulging yellow or red tympanic membrane Middle ear eff usiona

Middle ear eff usiona

aAlways use pneumatic otoscopy or tympanometry to confi rm middle ear eff usion.

penicillin-susceptible or intermediate S. pneumoniae and �-lactamase–negative nontypeable H. infl uenzae. It has 
a narrow spectrum of activity. Higher-dose amoxicillin (80 to 90 mg/kg/day) is generally recommended.

None of the oral cephalosporins is reliable against resistant pneumococci. Cephalosporins are active against 
�-lactamase–producing H. infl uenzae and M. catarrhalis. Treatment of AOM with one to three doses of intra-
muscular ceftriaxone is as eff ective as several days of oral antibiotic therapy.

Children less than or equal to 5 years of age are at increased risk for treatment failure, and 10 days of treatment 
is recommended. Children 6 years of age or older may be successfully treated with shorter courses (5 to 7 days).

In untreated AOM, the tympanic membrane becomes erythematous. After 24 to 36 hours exudate behind 
the tympanic membrane appears. Perforation occurs in 5% of cases. Consequences of lack of treatment include 
delay in resolution of pain as well as concerns regarding reemergence of complications formerly commonly 
associated with AOM, including mastoiditis, meningitis, extradural abscess, subdural empyema, brain abscess, 
and lateral sinus thrombosis. Current evidence does not support a signifi cant resurgence in these illnesses in 
children who are treated only symptomatically without antibiotics. Because spontaneous resolution occurs in 
60% of cases of AOM, withholding treatment is a consideration in selected cases, particularly in older infants 
(over 6 months) and children with an uncertain diagnosis of AOM and/or nonsevere illness. Spontaneous 
resolution rates for M. catarrhalis, H. infl uenzae, and S. pneumoniae are 75%, 50%, and 15%, respectively. AOM 
caused by S. pneumoniae is least likely to resolve spontaneously, so it is most likely to be associated with sup-
purative sequelae. If initial observation rather that antimicrobial therapy is chosen, the child should have good 
access to medical care in order to be reexamined.
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PHARYNGITIS
Sore throat occurs as a result of infl ammation or infection of the tonsils, uvula, soft palate, and posterior 
oropharynx. Pharyngitis is more likely in older children; it is uncommon in infants and children younger than 
2 years of age.

Pathophysiology
Several microorganisms are associated with pharyngitis (Table 9-5). Viral infections cause most cases, which oc-
cur during the winter, when many respiratory viruses are circulating. S. pyogenes (GABHS) is the most common 
bacterial cause. Pharyngitis in children 2 to 5 years of age is most often the result of infection with respiratory 
viruses. Older children and adolescents are more likely to have GABHS or Epstein-Barr (EB) virus infection 
(infectious mononucleosis).

Clinical and Laboratory Evaluation
History

Viral pharyngitis occurs in association with other symptoms of respiratory tract infection. Children with a viral 
syndrome typically have fever, rhinorrhea, cough, and mild pharyngitis. Fatigue, anorexia, and abdominal pain 
may be present. Family members or playmates may be ill with similar symptoms.

GABHS pharyngitis frequently manifests as acute onset of fever, headache, sore throat, and abdominal 
pain. Rhinorrhea or cough is uncommon. Th ere may be a history of classroom or family exposure.

 TABLE 9-4

Antibiotics Used for Treatment of Acute Otitis Media

Drug Daily Dose Tastea

Amoxicillin 80–90 mg/kg/day bid � �

Amoxicillin–clavulanic acidb,c 90 mg/kg/day amoxicillin component bid 
6.4 mg/kg/day clavulanate bid

� �

Second-generation cephalosporins

 Cefaclor 40 mg/kg/day tid or bid � �

 Cefuroxime axetil suspensionb 30 mg/kg/day bid �

Th ird-generation cephalosporins

 Cefpodoximeb 10 mg/kg/day bid �

 Cefdinir 14 mg/kg/day q day � � �

 Ceftriaxone (IM)b 50 mg/kg/day q day for 1–3 days N/A

Macrolides

 Azithromycin 10 mg/kg/day on day 1
5 mg/kg/day q day on days 2–5

� � �

 Clarithromycin 15 mg/kg/day bid � �

a Most palatable (� � �).
b Best activity against both Streptococcus pneumoniae and �-lactamase–producing bacteria.
c Dose of amoxicillin–clavulanic acid varies depending on formulation used.
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Physical Examination

Several clinical characteristics are associated with some of the organisms that cause pharyngitis (Table 9-6).
Careful examination of the oral mucosa, tongue, and pharynx is important. Th e presence of an enanthem 
(lesions in the mouth), appearance of the tongue, tonsillar size, color, symmetry, and presence of an exudate are 
noteworthy.

Infection with enterovirus (herpangina) is associated with small ulcers on an erythematous base found 
on the tonsillar pillars, soft palate, and uvula. Vesicles in the anterior portion of the mouth and on the lips are 
associated with herpes simplex type 1 (HSV-1) infection. Lesions in some cases of primary HSV-1 infection ex-
tend to the posterior oropharynx. Large tonsils with exudate are common with EB virus infection. In GABHS, 
the tonsils initially appear beefy red. As disease progresses, a yellow-white exudate within the anterior tonsil-
lar crypts is apparent. Th e tongue may become coated with a white membrane with protrusion of prominent 
red papillae (“strawberry tongue”). Anterior cervical lymph nodes are often enlarged and tender. In infectious 
mononucleosis, diff use lymphadenopathy and splenomegaly are present.

Skin fi ndings may be associated with diff erent infectious causes of pharyngitis. In GABHS, a character-
istic scarlatiniform rash may be evident (see Bacterial Exanthems). With infection caused by certain types of 
enteroviruses, a diff use erythematous maculopapular skin eruption and vesicular or pustular lesions on the hands 
and feet may be present.

Laboratory Evaluation

Th e clinical distinction between viral and GABHS pharyngitis is sometimes diffi  cult; cough, rhinorrhea, hoarse-
ness, or diarrhea are more likely to be symptoms of viral infection. Th roat culture is the diagnostic test of choice. 

 TABLE 9-5

Infectious and Noninfectious Causes of Acute Pharyngitis

Viral Bacterial Other

Rhinovirus Streptococcus pyogenes (group A) Allergies

Adenovirus �-hemolytic streptococci (groups C 
and G)

Chronic sinusitis

Coronavirus Mycoplasma pneumoniae Kawasaki disease

Parainfl uenza Arcanobacterium haemolyticum Foreign body

Infl uenza Chlamydia pneumoniae Environmental irritant

Respiratory syncytial virus Neisseria gonorrhoeae Neoplasm

HSV-1 or -2 Neisseria meningitidis Stevens-Johnson 
 syndrome

Epstein-Barr virus Corynebacterium diphtheriae Behçet disease

Cytomegalovirus Francisella tularensis PFAPA

HIV Borrelia burgdorferi (Lyme disease)

Measles Streptobacillus moniliformis (rat-bite fever)

Rubella Salmonella typhi

Treponema pallidum

Coxiella burnetii (Q fever)
Yersinia enterocolitica

Yersinia pestis (bubonic plague)

HSV, herpes simplex virus; PFAPA, periodic fever, aphthous stomatitis, pharyngitis, cervical adenitis (syndrome).
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 TABLE 9-6

Clinical Characteristics of Selected Infections Associated with Pharyngitis

Organism Clinical Findings

Rhinovirus Scratchy sore throat, rhinitis, cough

Coronavirus Scratchy sore throat, rhinitis, cough

Adenovirus Pharyngitis, often with signifi cant pain, erythema and exudate, conjunctivitis

Coxsackie A Summer/fall, prominent fever, coryza, vesicular lesions posterior pharynx, rash 
(including hands and feet)

Infl uenza A, B Winter season, abrupt onset of high fever, myalgia, then pharyngitis, dry cough

EB virus Infectious mononucleosis, with fatigue, anorexia, fever, headache, severe pharyn-
gitis, lymphadenopathy, hepatosplenomegaly, palatal petechiae, tonsillar exudate, 
periorbital edema, rash with ampicillin/amoxicillin (younger children may be 
asymptomatic)

Cytomegalovirus Similar to EBV except pharyngitis and lymphadenopathy less prominent, may 
have higher fever, more fatigue

HIV Primary infection presents as mononucleosis-like illness with fever, 
 pharyngitis, lymphadenopathy, rash, fatigue, arthralgia. Tonsils are red but 
no exudate is seen

Streptococcus pyogenes Peak incidence late winter or spring, sudden onset sore throat, fever, head-
ache, abdominal pain, tonsillar exudate, palatal petechiae, strawberry tongue, 
 sometimes rash or urticaria

Neisseria gonorrhoeae Sexually active adolescents or adults, rash, arthralgia

Corynebacterium 

diphtheriae

Nonimmunized patients, low-grade fever, mild sore throat, gray-white adherent 
membrane seen on tonsils and posterior pharynx, weakness, lymphadenopathy, 
“bull neck,” respiratory distress, cardiac and neurologic abnormalities

Arcanobacterium 

haemolyticum

Seen in adolescents and young adults, exudative pharyngitis, scarlatiniform rash, 
no palatal petechiae or strawberry tongue, desquamation rare

Mycoplasma 

pneumoniae

Headache, fever, sore throat, cough, coryza, sometimes tracheobronchitis or 
pneumonia

Chlamydia pneumoniae Fever, cough, sore throat

EB virus, Epstein-Barr virus.

Th e clinician should vigorously swab the patient’s posterior pharynx and tonsils. If GABHS is present, �-
hemolytic colonies of bacteria appear after 18 to 48 hours of incubation onto sheep blood agar. Defi nitive iden-
tifi cation of GABHS is made by the presence of a zone of inhibition around a bacitracin disk. Th e sensitivity of 
the throat culture is greater than 90%; fewer than 10% of cultures are falsely negative. However, the number of 
colonies of GABHS cannot distinguish between true infection and a carrier state.

A number of rapid tests for detection of group A streptococcal antigen are available. Th ese tests generally 
use immunoassay or latex agglutination techniques to detect the presence of group A polysaccharide antigen 
from the bacterial cell wall. Th e specifi city of most rapid tests is excellent (over 95%), but the sensitivity is vari-
able (70% to 85%). Accuracy of the test depends on the kit used, the skill of the person performing the test, 
and the quality of the throat swab. Newer tests utilizing optical immunoassay techniques or chemiluminescent 
DNA probes may prove to have greater sensitivity. A confi rmatory culture is usually performed when a child 
with suspected GABHS disease has a negative rapid streptococcal test.
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Serologic testing is sometimes used to confi rm infection with GABHS. Rising antibody titers against 
streptolysin O or deoxyribonuclease (DNAse) B are seen during the fi rst month after infection and decline to 
normal levels 6 to 12 months after infection. Antibody to DNAse B peaks later than the antistreptolysin O titer, 
and both tests can remain elevated for several months.

Other infectious causes of pharyngitis may be diagnosed by use of special culture techniques. Arcanobac-

terium haemolyticum, a gram-positive or gram-variable nonsporulating bacillus, is best isolated using human or 
rabbit blood agar incubated for 72 hours. Corynebacterium diphtheriae is isolated from nose, throat, and mem-
brane swabs inoculated onto select media. Neisseria gonorrhoeae is isolated using selective agar (chocolate agar 
with antibiotics).

Most cases of viral pharyngitis are self-limited, and viral culture is not necessary. Specifi c circumstances in 
which viral culture may be useful include cases of suspected HSV-1 or HSV-2 gingivostomatitis or in possible 
enteroviral disease with other manifestations (meningitis).

Diagnosis of EB virus infection (infectious mononucleosis) is made by Monospot and specifi c EB virus 
s erology. Infection with EB virus stimulates an immunoglobulin (IgM) heterophile antibody response. Serum 
from patients with infectious mononucleosis agglutinates sheep red blood cells (RBCs) after absorption with 
guinea pig kidney antigens. Production of heterophile antibodies is induced by EB virus, but the antibodies are not 
directed toward any known EB virus antigen. Several specifi c serologic antibody tests for EB virus are available. 
Th e  Monospot test may be negative in children less than 4 years of age with infectious mononucleosis, who are less 
likely to generate a heterophile antibody response.

Differential Diagnosis
Th e diff erential diagnosis of sore throat is broad. Serious infections to consider include peritonsillar abscess, 
retropharyngeal abscess, and epiglottitis. Noninfectious causes of pharyngitis include allergy, trauma to the 
pharynx, burns, inhaled or swallowed toxins, smoke, psychosomatic illness, and referred pain.

A history of pharyngitis often precedes signs and symptoms of a peritonsillar abscess, which typically in-
volves the superior pole of one tonsil. Children exhibit high fever, diffi  culty swallowing, and changes in speech. 
Physical examination reveals an acutely ill child with unilateral peritonsillar and tonsillar swelling. Th e uvula is 
displaced away from the aff ected tonsil, and the neck is often held in a rigid position with marked ipsilateral 
cervical adenitis. Bilateral abscess formation rarely occurs. Timely diagnosis is important to prevent rupture and 
possible aspiration of purulent fl uid. Organisms within the abscess include GABHS, S. aureus, and aerobic and 
anaerobic mouth fl ora. Treatment includes intravenous antibiotics and surgical drainage.

A retropharyngeal abscess occurs when lymph nodes located in potential space between the prevertebral 
fascia and posterior pharyngeal wall become infected and suppurate. Symptoms of retropharyngeal abscess are 
similar to those of peritonsillar abscess. Children appear ill with high fever, dyspnea, and diffi  culty swallowing. 
Careful examination of the mouth and pharynx reveals swelling of the posterior pharynx. Lateral neck fi lms 
reveal retropharyngeal swelling. Treatment is similar to that of a retropharyngeal abscess.

Acute epiglottitis, a rapidly progressive disease, is now uncommon because of universal immunization 
with H. infl uenzae type b vaccine. Th e disease usually occurs in unimmunized patients. S. pneumoniae; S. aureus; 
nontypeable H. infl uenzae; H. parainfl uenzae; and groups A, B, and C �-hemolytic streptococci are rare causal 
organisms. Aff ected children have acute onset of high fever and sore throat, and within several hours they have 
diffi  culty swallowing and exhibit drooling and respiratory distress. Diagnosis is made by noting the appearance 
of a swollen, cherry-red epiglottis with direct laryngoscopy by an experienced physician.

Pediatric Pearl: If epiglottitis is suspected, it is imperative that a skilled physician 
perform the examination in a setting where emergent intubation or tracheostomy can be 
carried out.

Pe
pe
ca

Ideally, a pediatric anesthesiologist and surgeon are alerted to the situation and available at the time of the 
examination. After epiglottitis is diagnosed, intubation and observation in an intensive care unit with adminis-
tration of intravenous antibiotics are necessary until swelling resolves.

Th e syndrome of periodic fever, aphthous stomatitis, pharyngitis, cervical adenitis (PFAPA) is character-
ized by periodic high fever occurring at regular intervals of about 3 to 4 weeks. Fever (temperature greater than 
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or equal to 39.0° C [102.2° F]) continues for 3 to 6 days, during which time, the child appears remarkably well. 
Aphthous stomatitis occurs in two-thirds of patients. Ulcers are typically smaller and shallower than lesions seen 
in Behçet disease. Tonsils are moderately enlarged, erythematous, and without exudate. Cervical adenitis is often 
present. It is not known whether PFAPA is an infectious or immunologic disorder.

Management
Treatment of viral pharyngitis is symptomatic, with antipyretics (if the patient is uncomfortable), fl uids, and rest. 
Treatment of GABHS pharyngitis involves antibiotics to decrease duration of symptoms, reduce spread of infec-
tion, and prevent acute rheumatic fever. Antibiotic therapy does not alter the course of poststreptococcal acute 
glomerulonephritis but may limit the spread of strains of bacteria that are associated with it. Penicillin remains 
the drug of choice for treatment of GABHS infections. It is safe, inexpensive, and has a narrow spectrum of cov-
erage. In addition, it is proven to prevent both suppurative and nonsuppurative complications of infection with 
GABHS. When given within 9 days of onset of symptoms, penicillin prevents development of acute rheumatic 
fever. Th erefore, a short delay while awaiting rapid antigen or culture results does not increase the risk of acute 
rheumatic fever. If compliance is a concern, intramuscular benzathine penicillin G is appropriate. Amoxicillin is 
an eff ective substitute for penicillin. No isolates of GABHS are yet resistant to �-lactam antibiotics. Narrow-
spectrum cephalosporins such as cephalexin may be considered in patients who are allergic to penicillins, although 
cephalosporins should be avoided in patients with an immediate (type 1) hypersensitivity reaction to penicillin.

Macrolide antibiotics including erythromycin, clarithromycin, and azithromycin are used in �-lactam 
antibiotic–allergic patients, although strains of GABHS resistant to macrolides have become more common in 
recent years. Failure to respond to macrolide or clindamycin therapy should prompt consideration of susceptibil-
ity testing. Tetracyclines, trimethoprim, and sulfonamides are not eff ective.

Routine throat culture after treatment is not necessary. Some children continue to have small numbers of 
GABHS present in their oropharynx; they are carriers. Generally, they do not have symptomatic disease, rarely 
spread disease to others, and are not retreated with antibiotics. Rare circumstances in which eradication of the 
carrier state is considered include community outbreaks of acute rheumatic fever or poststreptococcal glomeru-
lonephritis, family history of acute rheumatic fever, multiple or recurrent episodes of GABHS pharyngitis in 
families or closed communities, or a case of GABHS-caused toxic shock syndrome or necrotizing fasciitis in 
a family. Antibiotics used with variable success to eradicate the carrier state include clindamycin, amoxicillin–
clavulanic acid, or penicillin plus rifampin.

UPPER RESPIRATORY TRACT INFECTIONS
Most children have as many as 3 to 8 colds each year. Several viral species cause the common cold (Table 9-7). 
Rhinovirus is the most common viral agent associated with colds; at least 100 diff erent serotypes have been 
identifi ed. Symptoms are due to primary infection or reinfection with the same antigenic type.

Pathophysiology
Infection is spread by airborne, droplet, or contact transmission. Airborne transmission is dissemination of 
evaporated microorganism-containing droplets, which are suspended in air for long periods. Organisms trans-
mitted by airborne transmission include rubeola (measles), varicella-zoster virus (VZV), and  Mycobacterium 

tuberculosis. Droplet transmission is the propelling of relatively large microorganism-containing drops from 
infected children into the host’s conjunctivae or nasal mucosa by sneezing, coughing, or talking. Viruses that 
usually spread by droplet transmission include adenoviruses, coronaviruses, and infl uenza viruses.  Contact 
transmission is the touching of infected secretions by a noninfected individual, who autoinoculates the eyes, 
nose, or mouth. Viruses spread by contact transmission include RSV, parainfl uenza virus, enterovirus, and 
rhinovirus.

After a virus is inoculated onto the respiratory epithelium, local viral replication begins. Th is period, called 
the incubation period, typically ranges from 2 to 5 days. Symptoms of the common cold are due in part to pro-
duction of infl ammatory mediators such as histamine, kinins, and interleukins. Submucosal edema, vasodilation, 
and impaired mucociliary transport result in symptoms of nasal stuffi  ness, throat irritation, and sneezing. Sub-
sequent sloughing of the respiratory epithelium results in nasal discharge. Local �-interferon production limits 
the spread of infection to respiratory mucosa of the upper and lower respiratory tract, sinuses, and eustachian 
tubes. Viremia does not occur. Secretory IgA and serum IgG produced in response to infection prevent future 

770309_Ch_09.indd   170770309_Ch_09.indd   170 5/6/11   12:52:29 PM5/6/11   12:52:29 PM



CHAPTER 9 ■ INFECTIOUS DISEASES   171

infection with viruses of the same antigenic type. Viral shedding is greatest during the fi rst few days of illness, 
with the highest concentration of the virus present in nasal secretions.

Clinical and Laboratory Evaluation
History

Most respiratory viruses cause similar signs and symptoms. Children typically have low-grade fever and mild 
irritability. Other symptoms include nasal discharge, which progresses from clear to cloudy in a few days. An 
initially dry cough eventually becomes productive.

Physical Examination

Patients do not appear seriously ill. Th e presence of a mucopurulent nasal discharge, which is part of the normal 
progression of respiratory infection, does not necessarily imply an underlying bacterial sinus infection. Th e phar-
ynx may be erythematous with mildly enlarged tonsils. Otitis media resulting from secondary bacterial infection 

 TABLE 9-7

Viruses that Cause Upper and Lower Respiratory Tract Infections

Organism Serotypes Season Clinical Manifestations

Rhinovirus �100 Year round, with 
autumn/spring peak

Rhinorrhea, malaise, headache, low-
grade fever (common cold), mild 
pharyngitis, occasionally otitis media, 
wheezing

Coronavirus 2 First type (winter)
Second type (winter)

Rhinorrhea, malaise, headache, low-
grade fever (common cold)
Mild pharyngitis, occasionally otitis 
media, wheezing

Respiratory 
syncytial virus

Subtypes A 
and B

November–April Bronchiolitis/pneumonia in infants 
and young children
Upper respiratory tract illness in older 
children and adults

Human metap-
neumovirus

Subgroups A 
and B

December–April Lower respiratory tract illness in 
infants and young children
Upper respiratory tract illness in older 
individuals

Parainfl uenza Types 1–4 Type 1 (autumn)
Type 2 (autumn)
Type 3 (spring/summer)
Types 4A/4B (sporadic)

Croup, upper respiratory tract symp-
toms, bronchiolitis
Bronchiolitis, croup
Bronchiolitis, croup
Mild upper respiratory tract infection

Adenovirus 51 Year round (increased in 
late winter/spring/early 
summer)

Common cold, pharyngitis, phar-
yngoconjunctival fever, otitis media, 
keratoconjunctivitis, croup, pertussis-
like illness

Infl uenza Th ree anti-
genic types 
(A, B, C)

Winter Sudden onset of fever, headache, 
myalgia, nonproductive cough, then 
pharyngitis, rhinorrhea
Abdominal pain, nausea, and vomiting 
occasionally seen
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or viral infection is occasionally evident. Th e chest is usually clear but wheezes may be heard. A viral exanthem 
is seen in association with enterovirus or adenovirus. Adenovirus infection is sometimes associated with high 
fever, prominent pharyngitis, and conjunctivitis.

Laboratory Evaluation

Because of considerable overlap in symptoms caused by respiratory viruses, it is diffi  cult to make a specifi c 
diagnosis. Viral culture is usually not performed. Results are typically not available for days to weeks after the 
child is evaluated and the illness has resolved. Rapid diagnostic tests are available for diagnosis of RSV, human 
metapneumovirus (hMPV), parainfl uenza, infl uenza, and adenovirus. Th ese tests are not used routinely in out-
patient settings. However, they are useful in evaluation of severely ill, high-risk (e.g., former premature infants, 
those with chronic lung disease or congenital heart disease), or immunocompromised children.

Differential Diagnosis
Sinusitis is a possibility when symptoms persist beyond 10 to 14 days, particularly when the condition 
is associated with cough, low-grade fever, facial pain, headache, or bad breath. In children who have not 
received the diphtheria and tetanus toxoids and pertussis (DTaP) vaccine, pertussis begins as a mild upper 
respiratory tract illness (catarrhal stage) and progresses to severe paroxysms of cough (paroxysmal stage) 
associated with vomiting.

Management
Management of viral respiratory infections is supportive, with fl uids and rest. Over-the-counter medications 
containing antihistamines, decongestants, cough suppressants, and expectorants are available but should not 
be used in children under the age of 2 and use is discouraged in children younger than 6 years. None of these 
preparations appears to have clear benefi t in alleviating symptoms. Vitamin C may not prevent colds but may 
have modest benefi t in reducing symptoms. Zinc gluconate inhibits viral replication in vitro, but studies of clini-
cal benefi t have shown mixed results. Antibiotics are not indicated for treatment of viral respiratory illness but 
are used if secondary bacterial infection such as AOM or sinusitis is present.

Pediatric Pearl: Good attention to handwashing, avoidance of touching mucous mem-
branes, and decontamination of fomites decrease spread of infection.
Pe
br

BRONCHIOLITIS
Bronchiolitis is an obstructive pulmonary disease of infants and young children, caused most often by infection 
with RSV. Approximately 100,000 infants are hospitalized with RSV infection annually; mortality rates range 
from 0.5% to 1.5%. Th e severity of illness caused by RSV ranges from mild upper respiratory tract infection to 
bronchiolitis or pneumonia. Bronchiolitis is most common in children younger than 1 year of age, with a peak 
incidence at 2 to 6 months.

Pathophysiology
RSV is the primary cause of bronchiolitis. Recent evidence suggests that hMPV is also a signifi cant cause of 
bronchiolitis in infants. Parainfl uenza viruses and adenoviruses are less commonly associated with the disease. 
RSV, an RNA virus in the genus Pneumovirus of the family Paramyxoviridae, receives its name from the charac-
teristic cytopathic eff ect (syncytial appearance) noted several days after inoculation of infected material into cell 
culture. Th e RSV genome codes for at least 10 polypeptides, including the envelope proteins F and G. Fusion 
protein (F) facilitates cell penetration and cell-to-cell spread in the respiratory tract, and the G protein helps 
with attachment to sialic acid residues on respiratory epithelial cells. RSV, which is divided into types A and B 
based on diff erences in the G protein, attaches to and infects respiratory epithelial cells.

Viral proliferation in the respiratory epithelium leads to edema and necrosis of the epithelial lining of 
the airway, sloughing of ciliated cells, and formation of mucous plugs. Intense peribronchial lymphocytic 
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 proliferation occurs. Possible distal airway obstruction may lead to ventilation-perfusion mismatch, hyperinfl a-
tion, atelectasis, hypoxemia, respiratory failure, and, in some cases, death.

High levels of functional neutralizing serum antibody to RSV F and G proteins correlate with protection 
against disease. Lower levels of maternal neutralizing antibody are associated with more severe disease in young 
infants. Appearance of RSV-specifi c secretory IgA coincides with termination of RSV shedding. By the age of 3 
years, virtually all children have formed an antibody to RSV, although this antibody is not totally protective, and 
reinfection may occur. Severity of illness decreases as children become older, and infection involves primarily the 
upper respiratory tract in later life.

In the United States, RSV infection occurs during November through April. Types A and B strains may 
circulate together during a single respiratory season, although A strains are more virulent and tend to predomi-
nate. Recurrent infection with the same strain is possible. Children at highest risk for severe disease include 
premature infants and patients with unrepaired or complex congenital heart disease or heart failure, bronchopul-
monary dysplasia, cystic fi brosis, congenital abnormalities of the airway, and neuromuscular disease. Also at risk 
for serious infection are immunocompromised children.

Clinical and Laboratory Evaluation
History

Clinical manifestations depend on the age of the child and underlying medical conditions. Infants may present 
with bronchiolitis or pneumonia. Lethargy, irritability, and apnea are major symptoms. Poor feeding results from 
increased work of breathing. Older children and adults have symptoms of the common cold (prolonged), wheez-
ing, croup, tracheobronchitis, or pneumonia (uncommon). Alternatively, they may be relatively asymptomatic.

Physical Examination

Th e focus of the physical examination is to determine whether a child requires symptomatic treatment at home 
or closer observation in the hospital. Some children appear to be relatively well, with nasal congestion and mild 
cough. Th ose with more severe illness present with lethargy or respiratory distress. Vital signs reveal low-grade 
fever, increased respiratory rate, and increased heart rate. Children with signifi cant respiratory distress feed 
poorly and have signs of weight loss or dehydration. AOM may be present, either from bacterial superinfection 
or RSV infection. Mucous membranes may be dry or cyanotic. It is necessary to observe the chest for supra-
clavicular, intercostal, and subcostal retractions. Rales, wheezes, rhonchi, or decreased breath sounds may be 
audible on auscultation.

Laboratory Evaluation

Diagnostic tests are generally not performed if children appear well. If testing is necessary, rapid diagnostic 
methods, including immunofl uorescent and enzyme immunoassay techniques, are available. Th e sensitivity of 
most of these tests ranges from 80% to 90%. Th ese rapid diagnostic tests are useful for appropriate isolation of 
children admitted to the hospital.

In addition, some laboratories are capable of testing for RSV by highly sensitive polymerase chain reac-
tion (PCR) techniques. RSV is also isolated by conventional viral culture techniques, although results are not 
available for 3 to 5 days. Some laboratories off er RSV culture by shell vial (centrifugation) with results available 
in 48 hours.

Pulse oximetry or arterial blood gases are used to determine if hypoxia is present in children with respira-
tory distress. Abnormal fi ndings on chest radiograph include hyperinfl ation and atelectasis (usually right upper 
and right middle lobes). An alveolar infi ltrate is often present in immunocompromised children. An enlarged 
cardiac silhouette suggests a primary cardiac problem, although a concomitant acute infection with RSV may 
be present.

Differential Diagnosis
Th e diff erential diagnosis of RSV bronchiolitis includes infection with other viruses and some bacteria. Parain-
fl uenza, adenovirus, hMPV, and rhinovirus cause similar symptoms. Chlamydia trachomatis infection may produce 
similar symptoms in infants between 1 and 4 months of age, although fever is uncommon. Bacterial superinfec-
tion is rare, but occasionally clinical and chest radiographic fi ndings of RSV bronchiolitis or RSV pneumonia are 
similar to those of bacterial pneumonia. Congestive heart failure leads to respiratory distress that may be indistin-
guishable from bronchiolitis; infants and young children with heart failure often have wheezing instead of rales 
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on physical examination. Aspirated foreign body may manifest as respiratory distress, wheezes, and atelectasis on 
chest radiograph.

Management
In most cases, treatment of healthy infants and children with symptoms of upper respiratory tract disease is 
supportive.

Medical Treatment

Hospitalization may be appropriate for children who appear ill, dehydrated, in respiratory distress, or in whom 
it is not possible to rule out SBI. Inpatient treatment may also be necessary for children with congenital cardiac 
or pulmonary disease when RSV is suspected because of the potential for rapid deterioration. Supplemental 
oxygen is often required and some children may respond to bronchodilator therapy. Mechanical ventilation is 
sometimes necessary, particularly in premature infants or those with underlying cardiac or pulmonary disease.

Use of antiviral drugs is generally reserved for severely ill or immunocompromised children. Ribavirin, a 
synthetic nucleoside analog, has in vitro activity against RSV. Administration is by the aerosolized route. Corti-
costeroids are not routinely indicated, particularly in young infants.

Prophylaxis

Clinicians should consider prophylaxis against RSV disease in the following groups of patients: (1) infants and 
children less than 2 years of age with chronic lung disease or hemodynamically signifi cant heart disease requir-
ing medical therapy for their disease, (2) children born at less than 32 weeks’ gestation, (3) certain infants with 
congenital abnormalities of the airway or neuromuscular disease and (4) certain infants between 32 weeks and 
34 weeks 6 days of gestation. Children with severe immunodefi ciency may benefi t from prophylaxis. Currently, 
no vaccines for prevention of RSV disease are available.

Palivizumab is an RSV monoclonal antibody used to reduce the risk of serious lower respiratory tract 
disease caused by RSV. Palivizumab is a humanized mouse monoclonal antibody that binds to the F protein of 
RSV and is given intramuscularly on a monthly basis for a maximum of fi ve doses during months when RSV 
is circulating in the community. Studies have found that it reduces hospitalization of selected high-risk infants 
with RSV by 45% to 55% depending on the risk category.

CROUP
Croup, or laryngotracheobronchitis, is a common childhood illness. Hospitalization occurs in fewer than 2% 
of children, and only 0.5% to 1.5% of these children require intubation. Most cases occur in boys in their fi rst 
3 years of life during late fall or early winter.

Pathophysiology
Croup is an acute respiratory illness resulting from infl ammation and narrowing of the subglottic region of the 
larynx. In most cases, parainfl uenza viruses 1, 2, or 3 are the causal agents. Less common causes are infl uenza, 
RSV, hMPV, adenoviruses, measles, and Mycoplasma pneumoniae. Viral infection of the upper respiratory tract 
spreads to involve the respiratory epithelium of the larynx and trachea. Swelling and edema contribute to nar-
rowing of the subglottic space. Infl ammatory debris, mucus, and exudate contribute further to vocal cord dys-
function and subglottic obstruction.

Clinical and Laboratory Evaluation
History

Th e history should focus on understanding the tempo of the illness, prodromal symptoms, and likelihood of 
possible foreign body aspiration. Preceding symptoms include several days of mild upper respiratory tract illness. 
Children have a barking (or “croupy”) cough, hoarseness, and inspiratory stridor. Fever is almost always present. 
Illness gradually subsides within 3 to 7 days. Disease progression occurs in some children, with respiratory dis-
tress, hypoxia, and, ultimately, respiratory failure.
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Physical Examination

Th e child should be comfortable and sitting during the examination. It is important to pay special attention 
to evaluation of the severity of airway obstruction to rule out potentially life-threatening causes of stridor and 
airway obstruction. Children may appear relatively well with only rhinorrhea, hoarseness, and a barking cough. 
However, they may be cyanotic with intercostal retractions and respiratory distress. Restlessness and agitation 
are signs of hypoxia. Fever, increased respiratory rate, and increased heart rate may be present.

Some clinicians use croup scores to assess severity of illness and response to therapy. Scoring systems as-
sign points for abnormal fi ndings on physical examination. Parameters evaluated include stridor, retractions, 
decreased air entry, cyanosis, level of consciousness, presence of cough or dyspnea, and increased heart and 
respiratory rates.

Laboratory Evaluation

Th e diagnosis of croup is mostly based on clinical signs and symptoms. When obtained, the CBC is usually
normal. Neck radiographs and chest radiographs are useful for eliminating other causes of stridor such as ret-
ropharyngeal abscess, foreign body aspiration, or epiglottitis. It is possible to isolate virus from nasopharyngeal 
secretions using conventional virus cultures. Rapid antigen detection assays are available for diagnosis of parain-
fl uenza virus infection or other viral etiologies; however, the sensitivity of tests varies.

Differential Diagnosis
Viral croup is one of several causes of airway obstruction and stridor. Other diagnostic considerations include 
H. infl uenzae type b epiglottitis (see Pharyngitis, Diff erential Diagnosis), bacterial tracheitis, retropharyngeal 
abscess, and laryngeal foreign body (Table 9-8).

 TABLE 9-8

Differential Diagnosis of Stridor/Upper Airway Obstruction

Viral Croup Epiglottitis Bacterial 

 Tracheitis

Retropharyn-

geal Abscess

Laryngeal 

Foreign Body

Age 0.5–3 years 3–6 years Any (usual 2–4 
years)

	4 years Any

Etiology Parainfl uenza
Respiratory
syncytial virus
Infl uenza

 Haemophilus 

infl uenzae 

type b

Staphylococcus 

aureus

S. pyogenes

S. pneumoniae

S. aureus

S. pyogenes

S. pneumoniae

Anaerobic oral 
fl ora

Foreign object

History of 
onset

Viral pro-
drome

Abrupt Viral prodrome, 
then sudden 
worsening of 
symptoms

Abrupt Abrupt

Temperature 	39° C �39° C �39° C �39° C Afebrile

Respiratory 
distress

Mild Moderate to 
severe

Moderate to 
severe

Moderate to 
severe

Mild to severe

Cough Present Absent Present Absent Present

Voice Hoarse Muffl  ed Hoarse Muffl  ed Occasionally 
aphonia

CBC Normal WBC↑ WBC↑ WBC↑ Normal

CBC, complete blood cell count; WBC, white blood cell count.
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Management
Treatment of viral croup is supportive. Cool, humidifi ed air is often used, but no studies have shown that it 
decreases subglottic edema or stridor. Humidifi ed oxygen is helpful in the patient with hypoxia. Nebulized ra-
cemic epinephrine reduces airway obstruction in hospitalized patients. Corticosteroid therapy (parenteral, oral, 
or inhaled) decreases the severity and duration of symptoms and the rate of hospitalization. Specifi c antiviral 
therapy is not available.

INFLUENZA
Infections with infl uenza virus are common in children. A short incubation period of 1 to 3 days and a long 
duration of viral shedding (1 to 2 weeks) facilitate spread of infl uenza virus. School-age children have the high-
est attack rates. However, 90% of deaths occur in persons over 65 years of age. Hospitalization for conditions 
related to infl uenza (about 110,000/year) is more common in older persons (over 65 years) or in very young 
children (under 1 year).

Pathophysiology
Th e causal agent is the infl uenza virus, a single-stranded RNA virus in the family Orthomyxoviridae. Infl uenza 
viruses are classifi ed by type (A, B, C), host of origin (if nonhuman), geographic source, strain number, and 
year of appearance. Th e viruses have important surface glycoproteins such as hemagglutinin (H) to facilitate at-
tachment and neuraminidase (N) to facilitate release of viral progeny from infected cells. Th e M2 proteins that 
occur in infl uenza A strains maintain acidity of the Golgi apparatus in infected cells and allow the virus to be 
uncoated.

Infl uenza A viruses are classifi ed into subtypes on the basis of the surface antigens H and N. Immunity to 
the surface antigens of infl uenza reduces the likelihood and severity of infection. Antibody against one infl uenza 
type or subtype gives little or no protection against another type or subtype.

Both infl uenza A and B are associated with signifi cant clinical illness and yearly epidemics. Infl uenza A is 
found in a wide range of animals, including humans, birds, ducks, pigs, horses, and marine mammals. Infl uenza 
B is predominantly a human pathogen. Infl uenza C infection is asymptomatic or causes mild respiratory illness 
in humans. Infl uenza viruses circulate during the winter in temperate and subarctic regions and year round in 
warmer tropical and subtropical climates.

Infl uenza viruses undergo frequent antigenic changes. Antigenic shift, an abrupt change, occurs after a 
circulating infl uenza A subtype disappears and is replaced by a subtype with one or both surface proteins (H 
or N) new to humans. Antigenic drift, a gradual change, occurs in both infl uenza A and B and results from a 
series of genetic mutations. Both antigenic shift and antigenic drift allow infl uenza virus to escape host immune 
responses. As a result, humans are susceptible to infl uenza virus infection throughout their lives. Continual anti-
genic drift, which occurs more often than antigenic shift, causes seasonal epidemics of infl uenza. However, when 
antigenic shift does occur, large numbers of the population have no immunity to the virus. Pandemics result 
from the appearance of a novel infl uenza virus capable of rapid transmission in humans; in 1918, infl uenza type 
A subtype H1N1 led to more than 20 million deaths worldwide. New viruses with limited transmissibility are 
associated with relatively few cases of disease. A novel swine-origin subtype A H1N1 infl uenza virus appeared 
in the spring of 2009 that was easily transmitted, resulting in the declaration of a worldwide pandemic soon 
after the virus was fi rst identifi ed.

Infection of the respiratory epithelium by the infl uenza virus causes signifi cant cellular necrosis, edema, and 
infl ammation. Th e infection spreads rapidly to involve both the upper respiratory tract and the smaller airways 
of the lower respiratory tract. Systemic symptoms of malaise and myalgia relate to the production of interferon. 
Bacterial superinfections are more often seen with infl uenza infection than with other respiratory viruses. Otitis 
media occurs in 10% to 50% of cases. S. pneumoniae and S. aureus may cause pneumonia or bacterial tracheitis.

Complications, including viral pneumonia, myocarditis, meningoencephalitis, and Guillain-Barré syn-
drome, are more likely in individuals with underlying respiratory, cardiac, renal, neurologic, metabolic, or im-
mune disorders or in the very young or elderly. Muscle pain (especially involving the calves), rhabdomyolysis, 
and, rarely, renal failure occur in association with infl uenza B infection. Reye syndrome, a  hepatoencephalopathy, 
is associated with both infl uenza and varicella virus. Th is condition is more common in children who receive 
aspirin during the acute phase of infl uenza illness.
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Clinical and Laboratory Evaluation
History

Young children have symptoms of infl uenza that are similar to those seen with infection with other respiratory 
viruses (see Upper Respiratory Tract Infections). Older children and adults typically have abrupt onset of fever, 
headache, myalgia, sore throat, and nonproductive cough. Gastrointestinal (GI) symptoms are more frequent in 
children. Fever is present for 3 to 5 days. Myalgia and cough persist up to 2 weeks.

Physical Examination

Th e patient with infl uenza appears ill with high fever. Special care is given to examination of ears, lungs, heart, 
abdomen, CNS, and musculoskeletal systems to identify complications of disease and to identify presence of 
bacterial superinfection.

Laboratory Evaluation

Th e diagnosis is based on history and physical examination. Viral cultures of nasopharyngeal secretions are 
positive after 2 to 6 days. Cultured isolates provide specifi c information on circulating strains of infl uenza virus. 
Several rapid diagnostic tests are available for detection of infl uenza A and B viruses. Th e sensitivity of these 
tests is 62% to 73%, and the specifi city is 80% to 99%. PCR amplifi cation of viral RNA has led to more sensitive 
rapid diagnosis of the virus. With this methodology it is possible to distinguish between circulating subtypes of 
virus and also to detect antiviral resistance. If bacterial superinfection is suspected, a CBC, blood culture, and 
chest radiograph warrant consideration.

Management
Supportive treatment is generally recommended for children with uncomplicated illness and normal immune 
function.

Antiviral Agents

Antiviral therapy decreases the severity of infl uenza and the duration of symptoms. Several antiviral drugs 
are available. Amantadine and rimantadine, which prevent viral uncoating by blocking ion-channel activ-
ity of the viral M2 protein, are eff ective against some infl uenza A viruses but not infl uenza B. Zanamivir 
and oseltamivir, analogs of sialic acid, inhibit the neuraminidase activity of both infl uenza A and B viruses. 
Both drugs are eff ective for treatment of infl uenza A and B infections; oseltamivir is approved for prophy-
laxis. Zanamivir, which is available as a dry powder for inhalation, is generally not recommended for use 
in patients with underlying respiratory disease because of reports of wheezing and decreased pulmonary 
function.

Resistance of circulating infl uenza viruses to antiviral therapy has become more prevalent in recent years 
and the selection of the appropriate antiviral medication depends on resistance patterns of circulating virus.

Antiviral prophylaxis may be appropriate in high-risk patients who were immunized after infl uenza A 
began circulating, in immunodefi cient patients with poor antibody response to vaccines, and in persons in whom 
the infl uenza vaccine is contraindicated (e.g., individuals with anaphylactic hypersensitivity to egg protein).

Vaccination

Infl uenza virus vaccine is used to protect individuals from infection with circulating strains of infl uenza virus. 
It is now recommended that all children, age 6 months to 18 years receive annual infl uenza vaccine. Priority for 
vaccination is given to children who have underlying medical problems. Two types of infl uenza vaccine are avail-
able. Th e fi rst is an injectable inactivated vaccine that consists of three viral strains (usually two type A and one 
type B), which are produced in embryonated eggs. Experts select viral strains based on worldwide surveillance 
of circulating strains. Th e injectable inactivated vaccine may be administered to any individual age 6 months 
and older who does not have a contraindication to infl uenza vaccine (see the following). Th e second type of 
infl uenza vaccine is a cold-adapted, trivalent live attenuated infl uenza virus vaccine (LAIV) that is administered 
intranasally. It also contains the three predominantly circulating strains of seasonal infl uenza. Th e LAIV vaccine 
is recommended only for use in healthy individuals between the ages of 2 and 49 years. Vaccine effi  cacy ranges 
between 50% and 95%, depending on how closely it matches circulating strains of virus. Th e optimal time for 
administration of vaccine is October through mid-November.
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Adolescents and adults who receive the injectable infl uenza vaccine should receive whole virus vaccine, 
which is prepared from intact purifi ed virus particles. Children under 13 years of age should receive the subvi-
rion and purifi ed surface antigen vaccines (“split-virus”), which have fewer side eff ects. Children over 9 years of 
age and children who have been previously immunized should receive one dose of vaccine, and children less than 
9 years of age (no previous immunization) should receive two doses of vaccine 1 month apart. Th e immunization 
schedule for LAIV is similar to that of the inactivated vaccine.

Adverse eff ects of the injectable inactivated vaccine include local pain, swelling, and redness in 10% to 
64% of  recipients. Low-grade fever and myalgia may begin 6 to 12 hours after vaccination and persist for 1 to 2 
days. Some individuals who receive the LAIV vaccine may have mild respiratory symptoms and low-grade fever. 
Contraindications to infl uenza immunization include a severe anaphylactic reaction to egg protein and a previ-
ous history of Guillain-Barré syndrome. In addition, individuals with any underlying illness such as asthma, 
those who are receiving immunosuppressive medications, and those who are pregnant or who require aspirin 
therapy should not be given LAIV.

PNEUMONIA
Pneumonia is infection or infl ammation of the lung parenchyma. Most episodes of acute pneumonia in young 
children result from viral infection; a smaller percentage results from bacterial infection.

Pathophysiology
Th e organisms that cause viral pneumonia are also common causes of viral upper respiratory tract infections. 
Th e bacterial causes of pneumonia vary depending on age of the child (Table 9-9) and are similar to causes of 
other SBIs (see Approach to the Evaluation of the Febrile Child). Intracellular organisms such as Chlamydia 
trachomatis, Chlamydophila pneumoniae, and M. pneumoniae cause lower respiratory tract disease.

Th e lower airways are typically sterile. Infection occurs as a result of defects in host defenses protecting 
the lung, inhalation of a large inoculum of virus or bacteria, or infection of the lung by hematogenous dissemi-
nation. Infection of the bronchial epithelium is associated with cell death, sloughing, local infl ammation, and 
edema with airway narrowing. Alveoli become fi lled with fl uid, and infection spreads to involve adjacent lung 
parenchyma.

Recurrent bacterial pneumonia suggests underlying disease. Examples include immunodefi ciency, ana-
tomic abnormalities (e.g., cleft palate, tracheoesophageal fi stula), cardiac enlargement due to congenital heart 
disease, foreign body aspiration, ciliary dysfunction, cystic fi brosis, and chronic aspiration.

 TABLE 9-9

Age-Related Differences in Etiology of Infectious Pneumonia

Age Pathogens

0–1 months Streptococcus agalactiae, gram-negative enteric bacteria, Staphylococcus aureus, List-

eria monocytogenes, CMV, occasionally HSV

1–3 months Viral,a S. agalactiae, Enterobacteriaciae, S. aureus, Streptococcus pneumoniae, 

Chlamydia trachomatis

3 months–5 years Viral,a S. pneumoniae, S. aureus, Streptococcus pyogenes (rare), Mycoplasma 

pneumoniae

�5 years Viral,a M. pneumoniae, Chlamydophila pneumoniae, S. pneumoniae, S. aureus, 

S. pyogenes (rare)

a Viruses most often associated with pneumonia include respiratory syncytial virus, hMPV, infl uenza, adenovirus, and 

parainfl uenza viruses. Cytomegalovirus and herpes simplex virus may cause severe pneumonia in infants or immuno-

compromised children.

CMV, cytomegalovirus; HSV, herpes simplex virus.
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Clinical and Laboratory Evaluation
History

Th e presentation of viral pneumonia involves prodromal symptoms of rhinorrhea, cough, low-grade fever, and 
pharyngitis. Aff ected children may be lethargic, refuse to play, or have diffi  culty feeding because of tachypnea or 
cough. Very young children may become apneic. Pneumonia is suspected when symptoms progress to signs of 
increasing respiratory distress.

Th e typical presentation of bacterial pneumonia is more abrupt. Older children and adults present with 
acute onset of high fever, cough, chest pain, and shaking chills. Younger children and infants may have a several-
day history of upper respiratory tract symptoms followed by an acute increase in fever and respiratory distress. 
Cough is initially nonproductive. As infection progresses, hypoxia and delirium may develop.

Pediatric Pearl: In some cases of bacterial pneumonia, particularly of the right lower lobe, 
abdominal complaints may predominate, so that intra-abdominal pathology such as acute 
appendicitis is often the initial suspicion.

Pe
ab
ap

Neck pain and stiff ness are seen with upper lobe pneumonia. Systemic fi ndings of sepsis, including shock 
and multisystem organ involvement, may occur in some cases.

Children with pneumonia often have coinfections with both bacterial and viral pathogens.

Physical Examination

Children with viral pneumonia may often be irritable, with nasal fl aring, subcostal or intercostal retractions, 
and mucous membranes that appear cyanotic. Vital signs reveal fever (temperature usually less than 39.0° C 
[102.2° F]), tachypnea, and sometimes tachycardia. In young children in whom auscultation of the lungs is 
diffi  cult, tachypnea may be the only sign of underlying pneumonia. Normal respiratory rates vary depending 
on the age of the child. Newborns have normal respiratory rates between 30 and 40 breaths per minute (bpm), 
children up to the age of 2 years have respiratory rates of 25 to 35 bpm, children 3 to 9 years have respiratory 
rates of 20 to 25 bpm, and children older than 9 years have normal respiratory rates of 16 to 20 bpm. Findings 
on auscultation include rales and wheezes. Mild hepatosplenomegaly may be evident in infants if the lungs 
are hyperinfl ated.

Children with bacterial pneumonia may be toxically ill or anxious, with high fever (temperature over
39.0° C [102.2° F]), tachycardia, tachypnea, and occasionally hypotension. Nasal fl aring and cyanosis of mucous 
membranes or skin may be present. Th e signs and symptoms of M. pneumoniae pneumonia include fever, head-
ache, and cough. Typically, children with M. pneumoniae do not appear to be very ill. Diff use rales are evident on 
physical examination, and a rash is present in 10% of cases.

Careful examination of the lungs focuses on the appearance of the chest, palpation, percussion, and aus-
cultation. Th e clinician should note the rate and rhythm of breathing and presence of nasal fl aring and intrac-
ostal or subcostal retractions.

Palpation of the chest produces tenderness. Tactile fremitus, which refers to palpable vibrations transmit-
ted through the chest when a patient speaks, is decreased when a pleural eff usion is present and increased over 
consolidated lung. Dullness to percussion is present over areas of consolidated lung or with a pleural eff usion.

Bronchophony is heard over consolidated lung and is an increase in the clarity of spoken words as heard 
through the stethoscope. Egophony describes the change in transmission of patient’s “eee” sounds to “aay.” 
Bronchial breath sounds are normally best heard over the trachea, but can be heard over consolidated or airless 
lung. Expiration is greater than inspiration and is unusually high-pitched and loud. Rales are crackling noises 
heard over the area of infection. As infection resolves, cough becomes more productive, and rales and rhonchi 
are more prominent.

Signs of dehydration such as tachycardia, decreased perfusion, decreased skin turgor, and history of poor 
urine output may be present. Fever, poor fl uid intake, and increased respiratory rate often cause dehydration.

Laboratory Evaluation

Th e diagnostic laboratory workup for children with suspected pneumonia is extensive (Table 9-10). WBC 
counts are typically greater than 15,000 cells/mm3, with a predominance of PMNs in bacterial pneumonia. 
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Values of up to 40,000 cells/mm3 are not uncommon with pneumococcal and staphylococcal pneumonia. Blood 
cultures are positive in 10% to 30% of cases of bacterial pneumonia. Typical chest radiographic fi ndings for viral, 
mycoplasma, and bacterial pneumonia are distinctive (Table 9-11); however, overlap in fi ndings occurs.

Infants less than 2 to 3 months of age are at risk for infection with S. agalactiae, gram-negative enteric 
bacteria, L. monocytogenes, and S. aureus. If bacterial pneumonia is a possibility, diagnostic workup includes blood 
and urine cultures, and lumbar puncture is considered.

A positive rapid diagnostic test for RSV, hMPV, parainfl uenza, infl uenza, or adenovirus may suggest a viral 
etiology for pneumonia but does not defi nitively rule out a bacterial superinfection. Diagnosis of M. pneumoniae 

involves serology for specifi c IgM and IgG. A PCR test for M. pneumoniae is available in some institutions. 
C. trachomatis may be isolated from epithelial cells in tissue culture or noting the blue-stained intracytoplasmic 
inclusions in epithelial cells from conjunctival scrapings stained with Giemsa stain. Nucleic acid amplifi cation is 
useful for evaluating urethral and cervical specimens but has not been evaluated adequately for detection of C. 

trachomatis in nasopharyngeal specimens. C. pneumoniae may be diagnosed serologically or with newer antigen 
detection or PCR methodology.

Pulse oximetry is useful for determining presence of hypoxia. If pulse oximetry is abnormal, arterial blood 
gas sampling is required. Bronchial alveolar lavage or lung biopsy may be necessary for diagnosis of complicated 
pneumonia not responding to empiric antimicrobial therapy.

Differential Diagnosis
Signs and symptoms of viral and bacterial pneumonia overlap considerably. Some features of the history and 
physical examination help distinguish between these two conditions (see Table 9-11).

Management
Antimicrobial treatment of bacterial pneumonia is appropriate (Table 9-12). Outpatient management may be 
suffi  cient. Close observation is necessary until children improve. Decisions regarding hospitalization are based 
on the severity of symptoms. It is usually appropriate to admit the following patients: (1) infants less than 2 
to 3 months of age for observation or empiric antibiotic therapy pending culture results, and (2) children with 
underlying immunodefi ciency, metabolic disease, or cardiopulmonary disease, who are at risk for complications 
of pneumonia, for parenteral antibiotics. Other criteria for admission include respiratory distress, hypoxia or 
hypercarbia, sepsis, dehydration, and poor compliance.

LYMPH NODE ENLARGEMENT
Infections causing enlargement of single or multiple lymph nodes are common in children.

 TABLE 9-10

Diagnostic Workup of Pneumonia
1. Complete blood cell count with diff erential

2. Blood culture (if bacterial pneumonia suspected)

3. Chest radiograph

4. Sputum (only useful in children �12 years of age) for Gram stain, bacterial culture, AFB smear, and 
AFB culture

5. Direct viral examination of nasopharyngeal specimens (if viral pathogen suspected)

6. Mycoplasma pneumoniae IgM and IgG

7. Pulse oximetry/arterial blood gas if children are ill-appearing, cyanotic, or in respiratory distress

AFB, acid fast bacilli; Ig, immunoglobulin.
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 TABLE 9-11

Distinguishing Features in Pneumonia: Bacterial Versus Viral

Organism Prodrome Onset Signs and 

Symptoms

Laboratory 

Studies

7p9.536

Streptococcus 

pneumoniae

None or URI 
Infl uenza

Abrupt Temp �39° C
Mild-to-severe 
illness

WBC↑
Blood culture 
positive 
(10%–30%)

Lobar consolidation 
± empyema
Less common: 
bronchopneumonia, 
interstitial infi ltrate, 
pneumatocele

Staphylococcus 

aureus

None or URI 
Infl uenza

Abrupt Temp �39° C
Moderate-to-
severe illness

WBC↑
Blood culture 
positive (rare)

Lobar consolidation
Empyema Pneuma-
tocele/abscess

Mycoplasma 

pneumoniae

Malaise
Headache

Sub-
acute

Fever
Cough
Pharyngitis
Lymphadenitis
Mild-to-moderate 
illness

WBC normal Patchy consolidation
Interstitial
Infi ltrates
Hilar adenopathy
Eff usion

Chlamydophila 

pneumoniae

Malaise
Headache

Sub-
acute

Fever
Pharyngitis
Hoarse voice
Mild illness

WBC normal Unilateral patchy 
infi ltrate

Chlamydia 

trachomatis

Conjunctivitis Gradual Afebrile
Staccato cough
Rales/wheezes

WBC normal Diff use infi ltrates
Peribronchial 
 thickening
Lobar consolidation

Mycobacterium 

tuberculosis

None or fever Gradual Fever
Weight loss
Cough
Mild illness

WBC normal 
� PPD 
or positive 
interferon-
gamma release 
assay (IGRA)

Primary complex
Hilar adenopathy
Atelectasis/ 
consolidation
Cavitary lesion

Respiratory 
viruses

Rhinorrhea 
Cough

Gradual Temp 	39° C
Mild-to-mode rate 
illness

Normal 
WBC

Perihilar infi ltrates
Hyperinfl ation
Patchy consolidation

WBC, white blood count; URI, upper respiratory infection.

Pathophysiology
Reactive lymphadenopathy, defi ned as diff use mild infl ammation of lymph nodes, occurs in response to sys-
temic or local infection. Th e rubbery, mobile nodes have a diameter of less than 2 cm. Several conditions, both 
infectious and noninfectious, may cause reactive adenopathy (Table 9-13).

Lymphadenitis, defi ned as infection of the lymph node itself, occurs primarily as the result of bacterial in-
fection; S. pyogenes and S. aureus cause 80% of cases. Aff ected nodes are poorly mobile, with associated soft tissue 
edema and erythema, and have a diameter typically larger than 2 cm. Illness is characterized by painful rapid en-
largement of the lymph nodes. Tonsillar and anterior cervical nodes are primarily involved. When dental disease is 
the initial source of infection, anaerobic bacteria may be found in infected submental and submandibular nodes.
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 TABLE 9-12

Antimicrobial Treatment of Pneumonia

Etiology Treatment

Respiratory syncytial virus Supportive
Consider ribavirin in severely ill children

Human metapneumovirus Supportive

Parainfl uenza Supportive

Adenovirus Supportive

Infl uenza Infl uenza antiviral—choice depends on circulating virus

CMV Ganciclovir IV plus CMV hyperimmune globulin in immunocompro-
mised children

HSV Acyclovir IV

Chlamydia trachomatis Erythromycina

Azithromycina

Chlamydophila pneumoniae Erythromycin
Doxycycline in children � 8 years
Azithromycin

Mycoplasma pneumoniae Erythromycin
Doxycycline in children � 8 years
Azithromycin

Streptococcus pneumoniae Penicillin/amoxicillin
Second- or third-generation cephalosporin

Staphylococcus aureus Vancomycin (MRSA)
Nafcillin/dicloxacillin
First-generation cephalosporin
Clindamycin

a Infantile hypertrophic pyloric stenosis is associated with erythromycin therapy in newborns and, in addition, has been reported 

rarely after azithromycin use. Physicians treating infants with macrolides should discuss potential risks with parents.

CMV, cytomegalovirus; HSV, herpes simplex virus; IV, intravenous.

Lymphadenitis is a common presentation of catscratch disease. Most patients have a history of a scratch 
by fl ea-infested cats or kittens, which are infected with the causal pathogen Bartonella henselae; young cats (less
than 1 year) are more often infected with the bacterium. Th e incidence of disease is greatest in fall and winter. A 
characteristic red papule is present at the site of the scratch, with regional adenitis noted proximal to the injury. 
Children are often highly and persistently febrile. Infection can disseminate to cause retinal lesions, liver and 
spleen abscesses, bone lesions, and, rarely, encephalitis.

Lymphadenitis may also occur as the result of atypical mycobacteria in children less than 4 years of age. 
Submandibular, preauricular, anterior cervical, inguinal, or epitrochlear lymph nodes may be involved. Bilateral 
adenitis is not present. Aff ected children appear well with no fever or systemic symptoms. Th e lymph nodes are 
mildly tender with little warmth or infl ammation, and after several weeks they become fi xed and discolored. 
Spontaneous suppuration with formation of a sinus tract may occur.

Other bacteria associated with lymphadenitis include Francisella tularensis (the ulceroglandular form of 
tularemia), Yersinia pestis (bubonic plague), and Pasteurella multocida. M. tuberculosis, a cause of lymphadenitis in 
patients of any age, should always be a consideration (see Tuberculosis).
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 TABLE 9-13

Infectious and Noninfectious Causes of Lymphadenopathya

Viruses

 Epstein-Barr virus

 Cytomegalovirus

 Measles

 Rubella

 Varicella zoster virus

 Herpes simplex virus

 HIV

 Adenoviruses

Malignancy

 Lymphoma

 Leukemia

 Neuroblastoma

 Histiocytosis

Bacteria

 Streptococcus pyogenes (pharyngitis)

 Brucella spp.

 Leptospira spp.

 Ehrlichia spp.

Parasites

 Toxoplasma gondii

 Trypanosoma cruzi

Other

 Kawasaki disease b

 Medications

 Juvenile idiopathic arthritis

 Systemic lupus erythematosus

 Chronic granulomatous disease

 Infection-associated hemophagocytic syndrome

 Sarcoidosis

a Diff use or regional nodes less than 2 cm in size.
b In Kawasaki disease, lymphadenopathy is usually unilateral, node size �1.5 cm in diameter.
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Clinical and Laboratory Evaluation
History

Important historical information includes rate of enlargement of lymph nodes, associated systemic illness, travel, 
illness in family members (e.g., tuberculosis), and animal contact (e.g., catscratch disease, tularemia, bubonic 
plague). Th e clinician should question sexually active adolescents about risk factors for HIV infection.

Physical Examination
Detailed examination of lymph nodes is necessary, along with a careful written description of the nodes in-
volved, and their appearance, consistency, and mobility. Measurement of the size of the nodes is also essential. 
An understanding of the anatomy and regional drainage of lymph nodes helps discern possible sources of infec-
tion (Table 9-14). An enlarged spleen or liver suggests systemic infection with EB virus or CMV. A rash occurs 
in viral causes of reactive adenopathy such as rubella.

Laboratory Evaluation
Th e WBC count may be increased with bacterial lymphadenitis. Th e ESR is also elevated with bacterial lymph-
adenitis and adenitis caused by M. tuberculosis. Th e chest radiograph is often abnormal with M. tuberculosis

infection but usually normal in infection with atypical mycobacteria. If tuberculosis is suspected, a purifi ed 
protein derivative (PPD) test may be placed. Interferon-� release assays for the detection of M. tuberculosis 

may potentially be of use in distinguishing atypical mycobacteral from tuberculous lymphadenitis in selected 
patients. Additional studies, based on results of the history and physical examination, include serology for B. 

henselae, toxoplasmosis, and EB virus. Culture of urine, nasopharynx, or peripheral blood mononuclear cells for 
CMV may be appropriate if the illness is similar to infectious mononucleosis (e.g., fever, pharyngitis, reactive 
lymphadenopathy, and splenomegaly), but EB virus serology is negative.

If the diagnosis is unclear and the patient does not respond to empiric therapy, biopsy or needle aspiration 
of the lymph node is appropriate, with material sent for pathology and culture. Incision and drainage of lymph 
nodes infected with Mycobacterium species may lead to chronic drainage and sinus tract formation. If these 
o rganisms are suspected, lymph node excision or fi ne needle aspiration is recommended.

Differential Diagnosis
Th e diff erential diagnosis of lymphadenitis includes the enlarged lymph nodes seen with Kawasaki disease 
(see Chapter 14), branchial cleft cyst, thyroglossal duct cyst, thyroid goiter, lymphoma or Hodgkin disease, and 
rhabdomyosarcoma.

Management
Management of reactive lymphadenopathy depends on the underlying illness. Specifi c management of lymph-
adenitis depends on the infectious cause (Table 9-15).

CENTRAL NERVOUS SYSTEM INFECTIONS

BACTERIAL MENINGITIS
Acute bacterial meningitis is a potentially life-threatening illness. Despite antibiotic therapy and supportive 
care, mortality is 5% to 10%. Almost 50% of survivors of bacterial meningitis have long-term sequelae that range 
from mild to severe. Mortality and neurologic sequelae are highest with S. pneumoniae meningitis.

Th e epidemiology of bacterial meningitis has changed signifi cantly over the last 15 years. Historically, most 
cases of bacterial meningitis occurred in children under 5 years of age, and H. infl uenzae type b was the pre-
dominant pathogen, followed by S. pneumoniae and N. meningitidis. Immunization with H. infl uenzae vaccine has 
 virtually eliminated H. infl uenzae type b as a cause of meningitis. In addition, immunization with the heptavalent 
S. pneumoniae conjugate vaccine (PCV7) has signifi cantly decreased the incidence of invasive pneumococcal 
 disease, including meningitis. Pneumococcal meningitis due to nonvaccine serotypes still occurs but may decrease 
with the institution of PCV13 in the childhood immunization schedule. As a result of infant vaccine recommen-
dations in the United States, bacterial meningitis is now seen more often in adults than in young children.
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 TABLE 9-14

Regional Drainage of Lymph Nodes

Site of Infection Site of Drainage

Nasal and oropharyngeal infections Tonsillar and anterior cervical nodes

Superfi cial facial infection or cellulitis Anterior cervical nodes, preauricular nodes, submental nodes

Scalp infection Occipital, posterior cervical, preauricular and postauricular 
nodes

Conjunctival infection Preauricular nodes

Teeth, gingivae, tongue Submental and submandibular nodes

Neck Anterior or posterior cervical nodes

Breast and chest wall Anterior axillary nodes

Hand and arm Midaxillary nodes

Back Posterior axillary nodes

Fingers, hand, forearm Epitrochlear nodes

External genitalia, anus, umbilicus, 
lower abdomen, lower back, buttocks, 
upper thigh

Inguinal nodes

Foot and lower leg Femoral nodes

 TABLE 9-15

Management of Lymphadenitisa

Antibiotics

Suspected Etiology Oral Intravenous Surgical Management

Bacterial  adenitis 
Staphylococcus 

 aureusb or Strepto-

coccus pyogenes

Dicloxacillin
Cephalexin
Amoxicillin– 
clavulanate
Clindamycin

Nafcillin
Cefazolin
Ceftriaxone
Clindamycin
Vancomycin

Incision and drainage if no response 
to antibiotic therapy. Send material for 
culture and pathology.

Atypical mycobac-
teria

None None Surgical excision of aff ected nodes. 
(Incision and drainage may lead to 
chronic suppuration.)

Mycobacterium 

tuberculosis

Antituberculous medications None

Bartonella henselae Not necessary for mild cases Usually excision is not necessary.

For more severe 
illness:

Azithromycin or rifampin or TMP/SMZ 
or ciprofl oxacin or doxycycline (�8 years 
of age) or intravenous gentamicin

Needle aspiration is performed in 
some cases.

a Nodes larger than 2 cm in size.
b If MRSA is suspected or diagnosed vancomycin, clindamycin, TMP/SMZ may be appropriate depending on the susceptibility 

pattern. TMP/SMZ does not cover Streptococcus pyogenes.

TMP/SMZ, trimethoprim–sulfamethoxazole.
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Pathophysiology
Th e bacteria that cause meningitis include enteric pathogens in infants and encapsulated bacteria in older in-
fants and children (Table 9-16). To infect the CNS, bacteria must evade several layers of defense provided by 
the host immune response. Organisms initially colonize and invade respiratory mucosal epithelium. To attach to 
the respiratory epithelium, encapsulated bacteria make IgA proteases that render secretory IgA nonfunctional. 
After attachment, bacteria invade mucosal barriers by endocytosis or through separations in tight junctions of 
columnar epithelial cells.

Once bacteria enter the intravascular space, capsular polysaccharide enables them to evade the alterna-
tive complement pathway. Th e bacteria then replicate in the blood and eventually penetrate the blood–brain 
barrier and infect the cerebrospinal fl uid (CSF). Small blood vessels that enter the brain carry the infection to 
the cerebral cortex. Th rombosis of intracerebral vessels leads to hypoxia and infarction. Intracranial pressure 
rises as a result of increased permeability of the blood–brain barrier, toxins released by bacteria or neutrophils, 
and decreased CSF outfl ow. Replicating bacteria induce local release of interleukin-1 and tumor necrosis fac-
tor. Stimulation of neutrophils migrating into the CSF results in their degranulation, releasing toxic oxygen 
metabolites. Some studies suggest the host infl ammatory response to infection is responsible for the long-term 
sequelae of meningitis.

Meningitis is also the result of direct bacterial invasion of the CNS after penetrating trauma or through a 
congenital malformation. Congenital malformations that lead to increased risk of meningitis include dermoid 
sinus tract or meningomyelocele, which are associated with recurrent or polymicrobial meningitis. A fracture 
through a sinus or a skull fracture may lead to CNS infection with respiratory pathogens.

Clinical and Laboratory Evaluation
Even after a careful history and physical examination, the diagnosis of meningitis sometimes remains in ques-
tion. Careful and frequent evaluation is then indicated.

History

A history of recent symptoms of viral upper respiratory tract illness, head trauma, recurrent bacterial infec-
tions, immune compromise, presence of a cochlear implant device or ventricular shunt, or contact with other ill 
individuals may be present. N. meningitidis and H. infl uenzae type b infection occur in clusters among family 
members or close contacts.

Symptoms in infants and young children include irritability, anorexia, vomiting, and inconsolable crying. 
As illness progresses, lethargy, seizures, or focal neurologic signs develop. Older children complain of headache, 
back pain, stiff  neck, and photophobia, and may become increasingly confused and disoriented.

Physical Examination

Careful examination, focusing on the child’s general appearance, vital signs, and neurologic status, is crucial. 
Observation of patients from across the room is helpful; children who happily play with toys in the waiting 
room but who are fussy when examined by a physician are less likely to have meningitis. Fever is present in 
most children with meningitis, but hypothermia may occur in infants. With increased intracranial pressure, 
bradycardia and hypertension develop.

Signs of meningeal irritation, including pain and limitation of range of motion of the neck, may not be
evident in children less than 18 months of age. Positive Kernig and Brudzinski signs are indicative of meningeal 
infl ammation. A Kernig sign is elicited by having a child lie on her back with the knee fl exed and the hip fl exed 
so that the thigh is perpendicular to the trunk. If meningeal irritation is present, extension of the knees causes 
pain. A Brudzinski sign occurs when the hips and knees spontaneously fl ex after passive fl exion of the neck.

It is necessary to perform a detailed neurologic examination with assessment of mental status, examination 
of cranial nerves, refl exes, muscle strength, and gait (if applicable). A bulging anterior fontanel is sometimes ap-
parent in young infants. Pulmonary, cardiac, abdominal, and bone and joint examination may reveal the presence 
of other sites of infection. Petechiae or purpura may be evident on skin examination. A careful retinal examina-
tion may detect presence of papilledema.

Laboratory Evaluation

Of children with bacterial meningitis, 99% have CSF abnormalities, and the initial diagnosis of acute bacterial 
meningitis is based on analysis of CSF fi ndings (see Table 9-16). Th e normal range of cells, glucose, and protein 
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 TABLE 9-16

Infectious Causes of Meningitis

Typical Cerebrospinal Fluid Findings

Organism Microscopic Cell Count (/mm3) Glucose 

(mg/dL)

Protein 

(mg/dL)

Bacteria

Age 0–1 months

Streptococcus 

agalactiae

Gram-positive cocci in 
chains

�100 to several thousand, 
with �80% PMNs

	40 100–500

Escherichia coli Gram-negative rods �100 to several thousand, 
with �80% PMNs

	40 100–500

Enterococcus spp. Gram-positive cocci �100 to several thousand, 
with �80% PMNs

	40 100–500

Listeria 

monocytogenes

Gram-positive rods (nega-
tive in 60%)

5 to �1,000, with usually 
�60% PMNs

	40 in 
40%

�45

Age 1–23 months
 S. agalactiae

 E. coli

See previous
See previous

Streptococcus 

pneumoniae

Gram-positive diplococci �100 to several thousand, 
with �80% PMNs

	40 100–500

Neisseria 

meningitidisa

Gram-negative diplococci �100 to several thousand, 
with �80% PMNs

	40 100–500

Haemophilus 

infl uenzae type ba

Gram-negative coccobacil-
lary organisms

�100 to several thousand, 
with �80% PMNs

	40 100–500

Age �2 years

S. pneumoniae Gram-positive diplococci �100 to several thousand, 
with �80% PMNs

	40 100–500

N. meningitidis Gram-negative diplococci �100 to several thousand, 
with �80% PMNs

	40 100–500

Any age

Mycobacterium 

tuberculosis

Negative Gram stain 10–500; PMNs early, 
lymphocytes later

	40 100–500

Viruses

Enterovirus spp. Negative Gram stain Usually 	1,000 with early 
PMNs, then mononuclear 
cells

Normal 20–100

Fungi

Coccidioides 

immitis

KOH usually negative 50–1,000, lymphocytes, 
eosinophils

10–39 50–1000

Candida albicans Gram-positive yeast

Cryptococcus 

neoformans

Positive cryptococcal 
antigen test

�20 lymphocytes 	40 �40

a Small gram-negative coccobacillary organisms such as N. meningitidis or H. infl uenzae type b may be diffi  cult to see.

KOH, potassium hydroxide; PMN, polymorphonuclear neutrophil.
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in the CSF varies by age and is shown in Table 9-17. In bacterial meningitis, the CSF is typically cloudy. Th e 
cell count is more than 1,000 cells/mm3, with a diff erential revealing a predominance of polymorphonuclear 
neutrophils (PMN) (usually more than 80%). (Some authorities consider the presence of at least 1 neutrophil/
mm3 as possibly indicative of bacterial meningitis.) Protein is elevated as a consequence of disruption of the 
blood–brain barrier. Glucose is low because the transport mechanisms responsible for carrying glucose from the 
peripheral circulation to the choroid plexus and into the CSF are impaired. Gram stain shows organisms if more 
than 103 bacteria/mL of CSF are present. Culture of CSF is positive in virtually all cases of bacterial meningitis, 
provided the child did not receive antibiotic therapy prior to the lumbar puncture. If possible, an extra tube of 
CSF is obtained for additional diagnostic tests if routine tests do not confi rm bacterial meningitis.

A CBC with diff erential shows a predominance of PMN cells and an increase in band forms. Blood cul-
tures are positive in the majority of cases; however, because time to positivity ranges from 24 to 72 hours, they 
do not aid initial diagnosis. Serum electrolytes may show decreased sodium secondary to the syndrome of inap-
propriate (secretion of ) antidiuretic hormone (SIADH). Electrolyte abnormalities may also be a consequence 
of diarrhea, vomiting, or poor fl uid intake. PCR testing for enterovirus or HSV is helpful in cases of suspected 
viral meningitis.

Computed tomography (CT) or magnetic resonance imaging (MRI) scans detect complications of men-
ingitis such as subdural empyema, venous thrombosis, infarction, and hydrocephalus. Routine CT scan before 
lumbar puncture is usually not necessary unless children have a history of a neurosurgical procedures, are coma-
tose, have papilledema, or focal neurologic fi ndings. If these fi ndings are present, blood culture is obtained and 
empiric antibiotic therapy is started prior to the imaging procedure. If there is no evidence of cerebral edema 
or mass lesion on CT scan, lumbar puncture can be performed. Imaging studies are useful for identifying a 
contiguous focus of infection such as chronic otitis media or chronic sinusitis. MRI is useful in the diagnosis of 
some forms of fungal (Coccidioides immitis) and bacterial meningitis (M. tuberculosis) that show predominance 
of basilar and brainstem infl ammation.

A bacterial meningitis scoring tool may be useful in predicting the risk of bacterial meningitis in children 
over 2 months of age who have CSF pleocytosis and who have not been pretreated with antibiotics. Th e risk of 
bacterial meningitis is very low if the child has none of the following: (1) positive CSF Gram stain, (2). CSF 
absolute neutrophil count (ANC) greater than or equal to 1,000 cells/�L, (3) CSF fl uid protein greater than or 
equal to 80 mg/dL, (4) peripheral blood ANC greater than or equal to 10,000 cells/�L, or (5) history of seizures 
before or on presentation. Th e scoring system should be used in conjunction with a careful clinical assessment 
of the child in determining the need for antibiotic therapy.

Differential Diagnosis
Other causes of fever, headache, and abnormal neurologic signs include aseptic meningitis, fungal meningitis, 
encephalitis, brain abscess, or brain tumor. Viruses, as well as bacteria and fungi, may cause aseptic meningitis 
(Table 9-18). Enteroviruses are the leading recognizable cause of aseptic meningitis. In temperate climates, 
enteroviruses circulate during summer and fall and are transmitted by fecal–oral spread. Mild respiratory or GI 
symptoms or a rash precede development of meningeal signs.

In children with aseptic meningitis, CSF usually shows a predominance of mononuclear cells, and rou-
tine bacterial cultures are negative. Recent data indicate that many patients with enteroviral meningitis have 
a predominance of PMNs. With viral meningitis, the typical total number of WBCs in the CSF is less than 
500 cells/mm3. CSF glucose and protein are likely normal.

 TABLE 9-17

Normal Cerebrospinal Fluid Indices

Age WBC Count (/mm3) PMNs Glucose (mg/dL) Protein (mg/dL)

Preterm infant 0–25 0%–57% 24–63 65–150

Term infant 0–22 0%–61% 34–119 20–170

Older infant/child 0–5 0 40–80 5–40

WBC, white blood cell; PMN, polymorphonuclear neutrophil.
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Management
All children with suspected bacterial meningitis should have a lumbar puncture and be admitted to the hospital. 
Treatment of acute disease includes antimicrobial therapy and management of sequelae of CNS infection and 
infl ammation. Research eff orts are directed toward therapeutic approaches that decrease the infl ammatory re-
sponse in addition to treatment with antibiotics.

Th e initial empiric choice of antibiotic therapy depends on the age of the child (Table 9-19). Parenteral 
therapy is given for the entire duration of treatment to achieve adequate CSF concentration of drug. Duration 
of therapy depends on the organism and the child’s response (see Table 9-19). CSF concentrations of antibiotics 
commonly used to treat bacterial meningitis are approximately 5% to 15% of serum levels.

Dexamethasone given before the fi rst dose of antibiotic therapy may reduce the infl ammatory response and 
prevent sensorineural hearing loss in H. infl uenzae type b meningitis. Studies have not clearly demonstrated the 
benefi t of this agent in other types of bacterial meningitis in children. Some experts recommend considering its 
use in pneumococcal meningitis after carefully weighing potential benefi ts and possible risks. Children  generally 
remain in the hospital until antibiotic therapy is complete. Seizures, SIADH, stroke, and subdural empyema 
may develop during treatment.

Th e most common sequela of meningitis is sensorineural hearing loss. Other sequelae of bacterial menin-
gitis include seizures, hemiparesis, hydrocephalus, ataxia, behavior disorders, and cognitive abnormalities.

 TABLE 9-18

Infectious and Noninfectious Causes of Aseptic Meningitis

Infectious Noninfectious

Viruses Bacteria Immunologically Mediated 
Diseases/Other

Enterovirusesa Rickettsia spp. (RMSF and typhus) Sarcoidosis
Kawasaki disease

Arboviruses Borrelia burgdorferi Systemic lupus erythematosus

EB virus Brucella Rheumatoid arthritis

HIV Treponema pallidum

LCM Leptospira spp. Neoplasms

Cytomegalovirus Bartonella spp. Leukemia

Adenovirus Mycoplasma pneumoniae Lymphoma

Infl uenza virus Brain tumor

Measles virus Parameningeal focus

Parainfl uenza virus Brain abscess Drugs

VZV Epidural abscess
Mastoiditis

Intravenous immunoglobulin
OKT3

Fungi Sinusitis Isoniazid

Cryptococcus neoformans Ibuprofen

Coccidioides immitis

a Serotypes most likely to cause CNS infection include: coxsackie serotypes B2, B4, B5 and echovirus 4, 6, 7, 11.

EB virus, Epstein-Barr virus; LCM, lymphocytic choriomeningitis virus; VZV, varicella-zoster virus; RMSF, Rocky 

Mountain spotted fever.

770309_Ch_09.indd   189770309_Ch_09.indd   189 5/6/11   12:52:34 PM5/6/11   12:52:34 PM



190   SECTION II ■ PEDIATRIC SUBSPECIALTIES

ENCEPHALITIS
Encephalitis is an acute infl ammatory process of brain tissue. Children and elderly adults are most often aff ected.

More than 100 diff erent viruses are reported to cause encephalitis. HSVs are the leading cause of severe 
encephalitis. Encephalitis caused by either HSV-1 or HSV-2 is seen in infants less than 6 weeks of age, who 
acquire infection around the time of birth or in utero (rare) if the mother has genital lesions. Risk of infection is 
33% to 50% after primary maternal infection as opposed to less than 5% if the mother has a history of recurrent 
HSV infection. Infants can acquire infection after contact with a caregiver with cold sores or herpetic whitlow. 
Older infants and children develop HSV-1 encephalitis after reactivation of latent HSV-1 in the trigeminal 
ganglion or after primary infection.

Arboviruses are RNA viruses that cause either aseptic meningitis or encephalitis. Transmission occurs dur-
ing summer or fall via mosquito or tick bites. Th e number of cases of encephalitis reported each year ranges from 
150 to 3,000. In the United States, the most common types of arboviral encephalitis are St. Louis encephalitis; 
western equine encephalitis; eastern equine encephalitis; California encephalitis (LaCrosse strain); and recently, 
West Nile Virus. Neurologic sequelae are most common after infection with eastern equine encephalitis and 
St. Louis encephalitis. Mortality is highest with eastern equine encephalitis infection.

Enteroviruses typically cause aseptic meningitis but occasionally cause infection with focal neurologic 
signs and obtundation more typical of encephalitis. Th e nonpolio enteroviruses most likely to cause CNS in-
fection include enterovirus 71; coxsackievirus B5; and echoviruses 7, 9, 11, and 30. Infection is most common 
during summer or fall.

Pathophysiology
Initial viral infection occurs at a site distant from the CNS such as the respiratory tract or GI tract; arboviral 
infection involves direct inoculation into skin. Th e virus replicates locally and spreads to regional lymphoid tis-
sue. Distribution throughout the body occurs during the primary viremic phase, with subsequent high-level viral 
replication. Symptoms of fever, malaise, and headache are associated with a secondary viremia. Some viruses 
reach the CNS by bypassing the blood–brain barrier during the secondary viremia. Other viruses such as HSV 
and rabies reach the CNS by retrograde axonal transport from peripheral sites. Direct viral infection of neural 
cells and associated perivascular infl ammation leads to destruction of gray matter. Meningeal infl ammation and 
CSF pleocytosis often accompany encephalitis.

 TABLE 9-19

Empiric Antibiotic Therapy for Bacterial Meningitis
Age Pathogen Empiric Antibiotic 

Th erapy

Duration of Th erapy

0–1 month Streptococcus agalactiae

Escherichia coli

Klebsiella pneumoniae

Enterococcus spp 

Listeria monocytogenes

Ampicillin plus cefotaxime
or ampicillin plus an
aminoglycoside

Escherichia coli, K. pneumo-

niae, L. monocytogenes

and Enterococcus spp.
21 days (minimum)
S. agalactiae 14–21 days

1–23 months S. agalactiae

E. coli

Neisseria meningitidis,  

Streptococcus pneumoniae

(Haemophilus infl uenzae 

type b)

Cefotaxime or ceftriaxone
plus vancomycina

N. meningitidis 7 days
H. infl uenzae type b 7–10 
days
S. pneumoniae 

10–14 days

2–18 years S. pneumoniae 

N. meningitidis

Cefotaxime or ceftriaxone 
plus vancomycina

a Vancomycin is discontinued if culture is positive for N. meningitidis, H. infl uenzae type b, or S. pneumoniae susceptible 

to penicillin or third-generation cephalosporin using the appropriate susceptibility criteria.
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A syndrome of postinfectious encephalomyelitis (acute disseminated encephalomyelitis) may follow infec-
tion with certain viruses or bacteria. It is possible to distinguish this autoimmune process from acute encepha-
litis by the primary pathologic fi nding of demyelination of white matter.

Clinical and Laboratory Evaluation
History

Important historical considerations include history of travel, recent insect bites, other illnesses in the family, and 
possible drug or toxin ingestion. Initial signs and symptoms of encephalitis are nonspecifi c and include fever, 
irritability, lethargy, and anorexia. Rhinorrhea, pharyngitis, cough, diarrhea, vomiting, or rash may be present. 
Several hours to days after the occurrence of these initial symptoms, abnormal neurologic conditions that range 
from mild to severe develop. Th ese include headache, behavioral disturbances, cranial nerve defi cits, hemiparesis, 
dysphagia, seizures, obtundation, and coma.

Physical Examination

A careful neurologic examination is performed to assess level of consciousness, presence of cranial nerve abnor-
malities, hemiparesis, movement disorders, and ataxia. It is necessary to examine skin and mucous membranes 
for signs of enterovirus infection or vesicular lesions consistent with HSV infection.

Laboratory Evaluation

In viral encephalitis, the CSF typically shows a lymphocytic pleocytosis, elevated protein levels, and normal or 
mildly decreased glucose levels. In some cases, the CSF is normal. MRI may detect focal abnormalities consis-
tent with HSV encephalitis, including temporal lobe edema or hemorrhage. MRI fi ndings suggestive of white 
matter demyelination on T2-weighted images assist in diff erentiating acute encephalitis from postinfectious 
encephalomyelitis. Tests used to identify a specifi c virus include culture, PCR, serologic studies, and immuno-
cytochemical studies of brain tissue.

Differential Diagnosis
Noninfectious causes to consider in children with abnormal neurologic fi ndings include intracranial hemor-
rhage, collagen vascular disease, metabolic disease, or exposure to drugs or toxins.

Management
Treatment of HSV encephalitis requires intravenous acyclovir for at least 3 weeks. Treatment of arboviral or 
enteroviral encephalitis is supportive; no antiviral drugs are licensed for therapeutic use in these conditions. 
In cases of suspected postinfectious encephalomyelitis in which acute viral, bacterial, and fungal infections 
have been reasonably excluded, some experts advocate a trial of steroid or immunoglobulin therapy. 

BONE AND JOINT INFECTIONS

INFECTIOUS ARTHRITIS
Infection and infl ammation of the joint is caused by bacteria, fungi, or viruses. Pyogenic (or septic) arthritis is 
the result of bacterial infection of the joint space (Table 9-20). Reactive arthritis is an infl ammatory response in 
the joint space that occurs as the result of infection elsewhere in the body (Table 9-21).

Pyogenic arthritis occurs in all age groups but is most common in children younger than 3 years of age. 
Joints of the lower extremities, including knees, hips, and ankles are involved in more than 75% of cases. 
Usually, a single joint is aff ected. If multiple joints are infected, N. meningitidis, Salmonella spp., or S. aureus 

is suspected. Infection with H. infl uenzae type b and Kingella kingae often follows an upper respiratory tract 
illness.

Pathophysiology
Joint infection in pyogenic arthritis occurs as a result of hematogenous spread of bacteria to the vascular syn-
ovium. An infl ammatory response to bacterial endotoxin occurs within the joint space. Th e release of cytokines, 
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 TABLE 9-21

Infectious Causes of Reactive Arthritis

Organisms that cause both pyogenic arthritis and reactive arthritis

Streptococcus pyogenes

Neisseria meningitidis

Neisseria gonorrhoeae

Salmonella spp.

Organisms that typically cause primary infection elsewhere with associated reactive arthritis

Shigella spp.

Yersinia enterocolitica

Campylobacter spp.

Chlamydia trachomatis

aVancomycin is initiated empirically if local resistance patterns suggest that MRSA is common in the community. Once 

an organism is isolated and susceptibility results are available, change to the appropriate antibiotic with the narrowest 

spectrum of coverage.

aVancomycin is initiated empirically if local resistance patterns suggest that MRSA is common in the community Once

 TABLE 9-20

Bacterial Causes and Treatment of Pyogenic Arthritis and Osteomyelitis

Age Organism Empiric Antibiotic Th erapy

0–3 months Streptococcus agalactiae, gram-negative 
bacteria, Staphylococcus aureus

Vancomycina, clindamycin, or 
nafcillin plus cefotaxime

3 months–5 years S. aureus, Streptococcus pneumoniae, 

Streptococcus pyogenes, Kingella kingae

Vancomycin,a clindamycin, or 
nafcillin plus cefotaxime or 
cefuroxime

5 years and up S. aureus, S. pyogenes, Neisseria 

gonorrhoeae

Vancomycin,a clindamycin, 
nafcillin, or cefazolin. Ceftriax-
one if N. gonorrhoeae suspected

Special circumstances

Child with sickle cell disease Salmonella spp., S. aureus Vancomycin, clindamycin, or 
nafcillin plus cefotaxime

Puncture wound through 
sneaker

Pseudomonas aeruginosa Antipseudomonas antibiotic ± 
S. aureus coverage

Bite wound Eikenella corrodens (human bite) 
Pasteurella multocida (cat, dog) 
S. aureus and oral fl ora including 
anaerobes

Ampicillin–sulbactam
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including tumor necrosis factor and interleukin-1, stimulates production of proteinases by synovial cells. Leu-
kocytes produce neutrophil elastases, which cause destruction of cartilage.

Pyogenic arthritis is less often the result of contiguous spread from adjacent osteomyelitis. Th e joint cap-
sules of the hip and shoulder, which overlie the metaphysis of the femur and the humerus, respectively, allow 
extension of infection from the bone into the joint space. Contiguous spread of infection is more likely in infants 
or young children because of the presence of transphyseal blood vessels. Direct inoculation of organisms into the 
joint space after puncture wound, trauma, or surgical intervention less often leads to pyogenic arthritis.

Clinical and Laboratory Evaluation
History

It is important to focus the history on information that helps distinguish between acute pyogenic arthritis, 
reactive arthritis, and juvenile idiopathic arthritis. It is necessary to question caregivers regarding underlying 
illness (e.g., sickle cell disease, immunodefi ciency), recent travel or exposure history (e.g., tick exposure, pet rats, 
or reptiles), recent illness (e.g., pharyngitis, scarlet fever–like rash, upper respiratory tract infection, diarrhea, 
weight loss, or previous joint pain), and history of trauma. Adolescents should be interviewed regarding their 
sexual history.

Children with pyogenic arthritis typically present with acute pain in the aff ected joint. Initial symptoms in 
very young children or infants include crying with diaper changes, refusal to move the aff ected limb, or refusal 
to bear weight or walk. Fever is usually present.

Physical Examination

A careful musculoskeletal examination reveals the source of infection. Th e aff ected joint is swollen, warm, and 
tender. Range of motion is decreased. It may be diffi  cult to diagnose pyogenic arthritis of the hip, because no 
redness or swelling of the joint is often apparent. Pain may be referred to the knee. Th e child may prefer to hold 
the hip in a fl exed, externally rotated, abducted position. Diff erentiation of pyogenic arthritis of the hip from 
other causes of hip pain (e.g., transient synovitis) is crucial, because treatment of pyogenic arthritis of the hip 
requires immediate joint space drainage and intravenous antibiotic therapy.

Additional important physical examination fi ndings include weight loss (infl ammatory bowel disease), 
presence of skin lesions or rash, heart murmurs (endocarditis), abdominal pain (infl ammatory bowel disease), 
or abnormal eye fi ndings (juvenile idiopathic arthritis or Behçet disease). It is necessary to perform a genital 
examination in adolescents to rule out sexually transmitted disease.

Laboratory Evaluation

Th e ESR, WBC, and CRP are elevated. Blood cultures are positive in 40% of cases. Analysis of joint fl uid cell 
count, Gram stain, and culture is helpful in diff erentiating pyogenic from other causes of joint infl ammation 
(Table 9-22). Gram stain and culture of joint fl uid are diagnostic in 60% to 70% of cases of pyogenic arthritis. 
Isolation of K. kingae is enhanced by direct inoculation of joint fl uid into a blood culture bottle.

Plain radiographs of the aff ected joint reveal soft tissue swelling and widening of the joint space. Ultra-
sound is sometimes used to detect fl uid within the hip joint. MRI is a sensitive method for detecting fl uid within 
the joint space and identifying associated bone or soft tissue involvement; however, it does not diff erentiate 

 TABLE 9-22

Typical Synovial Fluid White Blood Cell Counts Seen with Infectious Arthritis

WBC (cells/mm3) [usual range] Polymorphonuclear Cells (%)

Normal 	150 	25

Pyogenic arthritis 10,000–300,000 (�50,000) �90

Lyme arthritis 180–100,000 (25,000–40,000) �75

Viral arthritis 3000–50,000 (15,000) 	50

WBC, white blood cell.
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between infectious and noninfectious causes of joint space infl ammation. Technetium phosphate radionuclide 
scans are not recommended except in cases where physical examination and plain radiographs cannot localize 
the site of infection (as in infection of the sacroiliac joint).

Differential Diagnosis
Illnesses that present with limb pain or refusal to walk include pelvic osteomyelitis, disk space infection (diski-
tis), vertebral osteomyelitis, primary or metastatic malignancies, trauma, and reactive or autoimmune arthritis.

Management
Hospitalization is appropriate for children with pyogenic arthritis. Management should occur in conjunction 
with an orthopedic surgeon. Goals of therapy include decompression and sterilization of the joint space. Im-
mediate drainage of an infected hip joint is crucial to prevent vascular compromise and subsequent avascular 
necrosis of the femoral head. Aspiration of other joint spaces is recommended to obtain synovial fl uid for cell 
count and culture and to facilitate decompression.

Pediatric Pearl: Immediate drainage of an infected hip joint is crucial to prevent vascular 
compromise and subsequent avascular necrosis of the femoral head.
Pe
co

Empiric intravenous antibiotic therapy is based on age (see Table 9-20). Once culture results are available, 
antibiotic coverage is narrowed to treat the identifi ed organism. Intravenous therapy is continued until fever 
resolves and joint swelling and tenderness improve. Because antibiotics penetrate into the joint space in high 
concentration, oral antibiotic therapy may be used to complete a course of therapy, providing the parents appear 
to be compliant and children take the medicine. Typical duration of antibiotic therapy (intravenous plus oral), 
which depends on the causal pathogen, ranges from 3 to 4 weeks. On appropriate therapy, serum CRP normal-
izes after about 7 days, and children display steady clinical improvement.

OSTEOMYELITIS
Infl ammation of bone is usually the result of bacterial infection, although fungal organisms are occasionally 
responsible.

Pathophysiology
In children, osteomyelitis is usually the result of hematogenous dissemination of bacteria to bones, which are 
growing rapidly and have a rich vascular supply. Organisms deposited in metaphyseal capillaries replicate and 
spread to cortical bone. In some cases, a subperiosteal abscess forms and extension of infection into adjacent 
soft tissue may occur. Osteomyelitis may also occur as a result of contiguous spread of infection after trauma or 
from bite wounds. Anaerobic osteomyelitis of the skull or face is seen with extension of infection from sinuses, 
chronic otitis media, or dental abscess.

Approximately 50% of cases of hematogenous osteomyelitis occur in children less than 5 years of age. 
Males are twice as often aff ected as females. Th e long bones of the lower extremities are more likely aff ected. 
S. aureus (both MSSA and MRSA) is the most common cause of hematogenous osteomyelitis in all age groups. 
Other bacterial causes along with predisposing conditions are listed in Table 9-20.

Clinical and Laboratory Evaluation
History

Systemic symptoms of fever and malaise are usually present. Children may refuse to bear weight, walk, or move 
the aff ected extremity (pseudoparalysis). A past medical history of such underlying conditions as sickle cell dis-
ease or immunodefi ciency is relevant. A history of travel may suggest infection with fungal organisms endemic 
in certain geographic regions (e.g., C. immitis, Histoplasma capsulatum, Blastomyces dermatitides). History of ani-
mal exposure leads to consideration of infection with B. henselae (cats) or Salmonella spp. (reptiles). A history 
of congenital heart disease suggests bacterial endocarditis as a possible source of infection. A recent history of 
pharyngitis or chickenpox leads to consideration of infection with S. pyogenes.
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Physical Examination

Some children with hematogenous osteomyelitis are afebrile and relatively well-appearing, whereas others have 
high fever and are moderately to severely ill. A careful bone and joint examination is required to localize the 
infection. Often swelling, redness, and warmth are evident over the aff ected portion of bone. Palpation of the 
bone reveals the site of maximum tenderness.

In osteomyelitis of the pelvis or lower back, which is diffi  cult to diagnose, gait abnormalities or referred 
pain to the hip or abdomen is present. Rocking the pelvic girdle or direct palpation of the aff ected vertebral body 
elicits pain. Range of motion of the hip is normal. Recent cases of MRSA infection have been associated with 
deep vein thrombosis and pulmonary infection.

Laboratory Evaluation

Th e WBC is either normal or elevated, with a predominance of PMN cells. Th e ESR and CRP are increased in 
more than 90% of cases, and blood cultures are positive in more than 50% of cases. A culture of infected bone 
increases the chance of making the appropriate bacteriologic diagnosis.

Plain radiographs reveal soft tissue swelling around the aff ected bone within the fi rst few days of illness. Bone 
destruction is not noted until approximately 50% of bone is demineralized. Th erefore, osteolytic changes are not seen 
until 10 to 20 days after onset of symptoms. Sclerosis of the bone is evident 1 month or more after onset of infection.

Radionuclide scans using technetium-labeled methylene-diphosphonate isotope are useful in the early
diagnosis of osteomyelitis. Osteoblastic activity in the infected bone enhances uptake of the isotope. Th e sen-
sitivity of the bone scan is 80% to 100%. A positive bone scan is not specifi c for infection because malignancy, 
infarction, trauma, or soft tissue cellulitis overlying the bone may cause increased uptake of the isotope. Th e bone 
scan may be falsely normal in neonates and very early in the course of infection.

MRI detects changes in bone marrow caused by infection. Th e sensitivity for detection of osteomyelitis is 
greater than 90%, but as with radionuclide scanning, similar marrow abnormalities are present with malignancy, 
fracture, or infarction.

Differential Diagnosis
Causes of bone pain other than osteomyelitis include trauma, bone infarction, bone tumors, leukemia, and 
lymphoma.

Management
Hospitalization for intravenous antibiotics and evaluation by an orthopedic surgeon is usually necessary.  Empiric 
antibiotic therapy pending a bacteriologic diagnosis is outlined in Table 9-20. �-Lactam antibiotics, clindamy-
cin, and vancomycin achieve levels in bone that are adequate for treatment of the usual pathogens. In cases of 
osteomyelitis caused by MRSA newer antibiotics such as linezolid have been used successfully. Th eoretically, 
aminoglycosides are not used because of poor activity in an environment of tissue hypoxia and acidosis. Intra-
venous antibiotics are continued until the fever resolves; local fi ndings of pain, warmth, and erythema improve; 
and CRP and ESR return to normal.

Eventually, it is possible to consider a change to oral antibiotic therapy. Factors to consider before initiating 
this change include the ability of children and families to be compliant with medication regimens and to attend 
follow-up appointments. Th e choice of oral antibiotic depends on the organism isolated, and it should have ap-
proximately the same spectrum of coverage as the intravenous antibiotic to which the child responded. Th e dose 
of oral �-lactam antibiotics used is approximately two to three times the usual recommended dose. However, 
because of the excellent bioavailability of antibiotics such as clindamycin and linezolid, it is not necessary to alter 
the recommended dose of the drug. Duration of therapy ranges from 4 to 8 weeks.

Surgical intervention is recommended in the setting of persistent fever, erythema, swelling, and pain. It is 
also recommended with a periosteal or soft tissue abscess, a draining sinus tract, or suspected necrotic bone.

VIRAL EXANTHEMS

Pediatric exanthems (rashes) may be viral or bacterial in origin. Th e classic viral exanthems result from 
infection with measles virus, rubella virus, HHV-6 and HHV-7, parvovirus B19, and VZV. Viral  illnesses 
 associated with exanthems have distinctive microbiologic and clinical characteristics (Tables 9-23 and 9-24). 
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 TABLE 9-23

Viral Exanthems: Microbiologic Characteristics

Virus Disease Transmission Pathogenesis of Infection Incubation 

Period

Measles
Paramyxovirus 
family

Measles Droplet/airborne Replication in respira-
tory tract → lymphatics 
→ viremia → RES → 
secondary viremia → 
dissemination to multiple 
organs, including skin

8–12 days (rash 
may not appear 
until up to 18 
days after 
exposure)

Rubivirus
Togaviridae 
family

Rubella Droplet/contact Same as measles 14–23 days

Varicella-zoster 
virus
Herpesviridae 
family

Chickenpox
Varicella zoster 
(shingles)

Airborne/contact Inoculation of respira-
tory tract → replication in 
lymph nodes → viremia 
→ RES → secondary 
viremia → mononuclear 
cells transport virus to 
skin, replication in 
epidermal cells
Latency established

10–21 days

Human herpes 
viruses 6, 7
Herpesviridae 
family

Roseola Contact Infects mature 
T lymphocytes
Establishes latency

9–10 days

Parvovirus B19
Parvoviridae 
family

Fifth disease Contact/droplet Replicates in respiratory 
tract → viremia → infects 
RBC precursors

4–21 days

Enterovirusesa Hand, foot 
and mouth 
disease

Contact 
(respiratory or 
stool)

Replicates in respiratory 
and GI tract → transient 
viremia → RES → 
secondary viremia to 
target organs (CNS, heart, 
skin)

3–6 days

Herpes simplex 
virus
Herpesviridae 
family

Neonatal 
herpes simplex 
virus
Herpes gingi-
vostomatis
Herpetic 
whitlow

Perinatal 
transmission
Contact

Skin or mucous 
membrane penetration → 
neuronal spread → viremia 
→ organ involvement → 
latency

2–14 days 
(neonatal herpes 
simplex virus 
presents from 
day of life to 
6 weeks)

a Usually coxsackie virus A16, sometimes enterovirus 71 or other strains.

CNS, central nervous system; GI, gastrointestinal; RBC, red blood cell; RES, reticuloendothelial system.
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 TABLE 9-24

Viral Exanthems: Clinical Characteristics

Disease Prodrome Enanthem Exanthem Complications

Measles Cough, coryza, 
conjunctivitis, 
high fever

Koplik spots Red, raised morbilliform 
rash

Otitis media, pneu-
monia, croup diarrhea, 
acute encephalitis, 
death, subacute scle-
rosing panencephalitis

Rubella Malaise, poste-
rior auricular 
nodes, low-
grade fever

Red macules, 
soft palate

Red, raised rash, less 
intense than measles

Congenital rubella 
syndrome, 
polyarthralgia, 
arthritis, 
encephalitis, 
thrombocytopenia

Varicella 
(chicken pox)
Varicella zoster 
(shingles)

Malaise, an-
orexia, Head-
ache (mild)

Vesicles may 
involve mu-
cous mem-
branes

Papules → vesicles → 
crusted lesions appear on 
scalp/face/neck Spread to 
trunk, extremities
Varicella zoster (shingles) 
is characterized by pain 
and rash in a dermatomal 
distribution

Disseminated disease, 
pneumonia, hepatitis, 
coagulopathy, pneu-
monia, encephalitis, 
bacterial superinfec-
tion with Streptococcus 

pyogenes, Staphylococcus 

aureus

Roseola 
(HHV-6, -7)

High fever Red macules 
soft palate

Red maculopapular rash 
on trunk
Rash appears after 
resolution of fever

Seizures, (disseminat-
ed disease in immu-
nosuppressed hosts) 
HHV-7 infection may 
be very mild or 
asymptomatic

Parvovirus 
(fi fth disease)

Low fever, 
malaise

None Slapped cheeks, lacy 
reticular rash trunk and 
extremities

Arthritis/arthralgia, 
transient aplastic ane-
mia in patients with 
hemolytic anemia, 
fetal infection, chronic 
infection in immuno-
suppressed

Enteroviruses Mild upper 
respiratory or 
gastrointesti-
nal symptoms

Small vesicles 
or ulcers in 
posterior 
pharynx

Pustular or vesicular 
lesions on hands and feet, 
maculopapular rash

Aseptic meningitis, 
myocarditis

Neonatal HSV Poor feeding, 
lethargy

Vesicular 
lesions

Grouped vesicles on an 
erythematous base

Disseminated infec-
tion causing hepatitis, 
pneumonia, dissemi-
nated intravascular 
coagulation, death, 
encephalitis
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Th e pathogenesis of the rash varies depending on the inciting organism. Skin eruptions are caused by direct 
infection of the epidermis (measles), dermis (rubella), or vascular endothelium (rickettsial disease); circulat-
ing bacterial toxin (S. pyogenes, S. aureus); host immunologic response (parvovirus B19); or a combination 
of factors.

When assessing children with rashes, it is important to take a complete history regarding the rash. To es-
tablish the diagnosis, information regarding prodromal symptoms; the onset, spread, and evolution of the rash; 
and associated systemic symptoms is necessary. Th e clinician must obtain a history of travel, ill contacts, immu-
nizations, allergies, medications, and insect or tick bites. It is essential to document the following characteristics 
of the rash: color and texture, location, and pattern (e.g., is it symmetrical?); involvement of the hands and feet; 
and manner and extent of spread. In addition, the clinician should also note whether the rash is painful, painless, 
or itchy; whether it blanches; and whether any mucous membranes are involved. Observation of abnormalities, 
such as fever, respiratory symptoms, pharyngitis, lymphadenopathy, heart murmur, and joint abnormalities aid 
in the diagnosis.

MEASLES (SEE TABLE 9-24)
Measles (also known as “hard” measles, rubeola, red measles, and 9-day measles) is highly contagious, with most 
cases occurring in winter or spring. In the United States, the incidence of measles has dropped dramatically 
since the vaccine was licensed in 1963.

Pathophysiology
Skin eruptions result from direct viral infection of the epidermis. Bacterial superinfection may develop, and 
complications may occur. Death due to either respiratory or neurologic complications occurs in 1 to 3 of every 
1,000 cases in the United States. Mortality rates are higher in other countries. Subacute sclerosing panen-
cephalitis, a progressive fatal degenerative CNS disease, occurs after wild-type measles. It is associated with a 
prolonged incubation period (9.8 years on average). Symptoms include progressive changes in behavior, cogni-
tive deterioration, and seizures.

Clinical and Laboratory Evaluation
History

Th e history should focus on immunization status, travel, or contact with other individuals with rash-associated 
illnesses. Children are moderately to seriously ill, with symptoms of high fever, dry cough, coryza, and conjunc-
tivitis with clear discharge. A distinctive rash develops following the prodromal symptoms.

Physical Examination

Measles is distinguished by a pathognomonic enanthem (Koplik spots) characterized by tiny white dots on a 
red base, which appears on the buccal mucosa 1 or 2 days prior to the onset of a rash. Th e mucous membranes 
and pharynx are red. Th e rash appears 3 to 4 days after onset of prodromal symptoms. Th e dark red raised mor-
billiform (measles-like) rash begins at the hairline and spreads to involve the trunk, arms, legs, and eventually 
hands and feet. Individual lesions become confl uent as illness progresses. Lesions initially blanch but progress 
to darker nonblanching lesions as a result of capillary leak. Th e rash fades over 7 to 9 days with subsequent fi ne 
desquamation. Children appear ill and may complain of photophobia.

Laboratory Evaluation

A diagnosis is based on clinical fi ndings, exposure, and immunization history, as well as positive serology. IgM anti-
body against measles is present for approximately 1 month after the onset of symptoms. Paired acute and convales-
cent sera demonstrating a signifi cant rise in measles IgG are diagnostic. It is possible to culture measles virus from 
nasopharyngeal specimens, urine, and blood. It is important to notify the local health department immediately about 
suspected cases of measles to expedite processing of specimens and to identify possible sources and contacts.

Differential Diagnosis
Th e diff erential diagnosis of measles includes other viral and bacterial exanthems, Kawasaki disease, and drug 
allergy.
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Management
Treatment

Supportive treatment is appropriate for most cases of measles. If bacterial superinfection is suspected, antibiotic 
therapy is necessary. Generally, specifi c antiviral therapy is not recommended. Ribavirin, which has in vitro activ-
ity against measles virus, has been used in intravenous or aerosolized form in some cases of severe disease.

Severe measles may occur in children with decreased serum levels of vitamin A. Although vitamin A 
defi ciency is not a major problem in the United States, supplementation is considered in young children (at 
or over 6 months of age) who either have complications of measles, malnutrition, immunodefi ciency, and 
impaired intestinal absorption, or who are recent immigrants from countries with high mortality rates due 
to measles.

Prevention

Eff ective prevention of measles involves vaccination. Th e American Academy of Pediatrics (AAP) recommends 
that children receive two doses of live attenuated measles vaccine—one at 12 to 15 months of age and one at 4 
to 6 years of age (see Figure 2-10). Th e trivalent measles, mumps, and rubella vaccine (MMR) is most commonly 
used in the United States. Th e measles vaccine is a live attenuated vaccine, which means that it is not appropri-
ate for immunosuppressed children and pregnant women, except in the case of HIV-positive children who are 
not severely immunologically impaired. Transmission of measles virus by vaccine does not occur, so there is no 
contraindication to immunization of household contacts. Adverse eff ects of vaccine include fever, rash, and 
thrombocytopenia.

Th e “Red Book” published by the Committee of Infectious Diseases of the AAP contains details about 
the measles vaccine, including guidelines for its use in epidemic circumstances or in susceptible adolescents and 
adults. Immunoglobulin products interfere with the serologic response to measles vaccine. Clinicians should 
consult the AAP recommendations if they have a patient who has received an immunoglobulin product or blood 
transfusion to determine the appropriate interval before a vaccine may be administered.

To prevent the development or to decrease the severity of symptoms of measles in exposed nonvaccinated 
individuals, intramuscular immune globulin is useful. To be eff ective, the agent must be given within 6 days of 
exposure.

RUBELLA (SEE TABLE 9-24)
Rubella (German measles, third disease) is a moderately contagious disease, with most cases seen in late winter 
or early spring. Th e disease is now uncommon in the United States. During 1964, an epidemic of rubella resulted 
in over 12 million cases of rubella and 20,000 cases of congenital rubella syndrome. After rubella vaccine was 
licensed in 1969, the number of cases of the disease declined by 99%. Most rubella infections are seen in unim-
munized Hispanic young adults, and most recent cases of congenital rubella syndrome have occurred in children 
born to unvaccinated women born outside of the United States.

Pediatric Pearl: It is important to recognize and diagnose rubella infection because the
transmission of rubella virus to pregnant nonimmune women often results in severe 
congenital infection.

Pe
tra
co

Pathophysiology
Skin eruptions in rubella result from direct infection of the dermis. Th e most common complications of rubella 
are arthritis and arthralgia. Joint abnormalities are rare in children but occur often in adult women. Fingers, 
wrists, and knees are most frequently aff ected.

Rubella infection during the early part of pregnancy is disastrous, leading to fetal death, premature de-
livery, or multiple congenital anomalies. All fetal organs may be aff ected. Abnormalities seen in congenital 
rubella syndrome include sensorineural hearing loss, cataracts, heart defects (usually patent ductus arteriosus 
[PDA], pulmonic artery stenosis, pulmonic valve stenosis), microcephaly and mental retardation, splenomegaly, 
hepatitis, and thrombocytopenia. Diabetes mellitus and progressive panencephalitis are late complications of 
congenital rubella syndrome.
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Clinical and Laboratory Evaluation
History

It is important to obtain an immunization and contact history about any child who presents with a nonspecifi c 
viral exanthem. Th e prodrome, which does not occur in all cases, consists of low-grade fever, malaise, lymphade-
nopathy, and upper respiratory tract infection.

Physical Examination

Children appear well or mildly ill. Lymphadenopathy involving posterior auricular, suboccipital, and posterior 
cervical nodes may be present; the nodes remain enlarged for several weeks. An often pruritic rash, which occurs 
1 to 5 days after prodromal symptoms, begins on the face and progresses caudally. It is fainter than the rash seen 
with measles and does not coalesce.

Laboratory Evaluation

Diagnosis is diffi  cult because many patients appear to have a nonspecifi c viral illness. Serology is the usual 
method for confi rming a case of rubella. Reliable evidence of acute infection includes the presence of rubella 
IgM or a signifi cant rise in rubella IgG demonstrated on paired acute and convalescent sera. Rubella virus is 
cultured from nasal specimens, throat swabs, blood, urine, and CSF. It is important to alert the laboratory about 
suspected rubella to facilitate appropriate testing. As with measles, it is necessary to notify local health depart-
ments about suspected cases of rubella.

Differential Diagnosis
Th e rash of rubella is diffi  cult to distinguish from other viral rashes such as those seen with enterovirus, parvo-
virus B19, HHV-6, and EB virus infection.

Management
Supportive treatment is appropriate for rubella. Prevention involves vaccination. Rubella vaccine is a live at-
tenuated viral vaccine administered as MMR at 12 to 15 months of age and 4 to 6 years of age (see  Figure 
2-10). All pregnant women have rubella serology as part of routine prenatal screening, and any woman found 
to be rubella nonimmune receives vaccine during the postpartum period. Vaccine is not appropriate for 
pregnant women. Recent administration of immune globulin preparations or blood products interferes with 
antibody response to vaccine. Children with altered immunity should not receive live virus vaccine during the 
time they are immunosuppressed. Adverse eff ects of vaccine include fever, lymphadenopathy, joint pain, and 
thrombocytopenia.

ROSEOLA (SEE TABLE 9-24)
Roseola (exanthem subitum, sixth disease), which results from infection with HHV-6 and occasionally HHV-7 
virus, is an acute febrile illness followed by a rash. Infection with HHV-6 is common, and seroprevalence in 
most countries approaches 100% in children over 2 years of age. HHV-6 has two variants (A or B) based on 
genetic and phenotypic variations; variant B (HHV-6B) causes roseola. HHV-7 infections occur later in child-
hood and may be asymptomatic or mild or be associated with a typical roseala-like illness.

Complications are uncommon. Seizures occur in 10% to 15% of children during the febrile period (see 
Table 9-24). Occasionally, roseola infection in healthy children results in a mononucleosis-like syndrome char-
acterized by lymphadenopathy and hepatitis.

Pathophysiology
Acute primary infection with the human herpes viruses occurs in children 4 to 6 months of age or older. Virus 
is acquired from close contact with infected saliva from parents or siblings. After primary infection, the virus 
remains latent in mononuclear cells and likely persists in other tissue. Replication of virus in salivary glands 
accounts for the salivary route of transmission. Reactivation of virus is rarely associated with symptoms unless 
children are immunosuppressed. Symptoms associated with reactivation include fever, bone marrow suppres-
sion, hepatitis, pneumonia, and encephalitis.
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Clinical and Laboratory Evaluation
History

Parents report a history of few prodromal symptoms and abrupt onset of high fever. Th e fever lasts for 3 to 7 
days. Disease is typically mild. Occasionally respiratory or GI symptoms are present.

Physical Examination

Children have a high fever and are mildly ill or irritable. Except for the high temperature, vital signs are 
normal. Cervical lymphadenopathy or acute otitis media may be present. Skin perfusion is normal. It is nec-
essary to perform a careful examination to exclude SBI. Resolution of fever is followed by development of 
an erythematous maculopapular rash that resolves spontaneously. Th e rash may not appear until 1 to 2 days 
after fever breaks.

Laboratory Evaluation

Diagnosis of roseola is based on clinical fi ndings. Th e CBC, if obtained, shows lymphocytosis and neutropenia. 
Serology is diffi  cult to interpret because a signifi cant increase in HHV-6 IgG is seen after both primary infec-
tion and reactivation of disease. Techniques for culture of virus from peripheral blood mononuclear cells or 
detection of virus by PCR are available in some research laboratories. So far no technique has proved useful in 
diff erentiating primary infection from reactivation. Diagnostic tests for HHV-7 are so far limited to research 
laboratories.

Differential Diagnosis
Conditions to be ruled out include occult bacteremia or another hidden source of bacterial infection such as a 
urinary tract infection.

Management
Supportive treatment, with antipyretic therapy, is appropriate.

PARVOVIRUS B19 (SEE TABLE 9-24)
Infection with parvovirus B19, which is known by a variety of diff erent names, including erythema infectio-
sum, fi fth disease, and slapped cheek disease, causes mild illness. Approximately 20% of infected persons are 
asymptomatic.

By the time they are 15 years of age, about 50% of children have an antibody to parvovirus B19, with 
increasing rates of seroprevalence through adulthood. Th e usual mode of transmission is by contact with respira-
tory secretions. In addition, transmission by percutaneous exposure to blood or by mother-to-fetus also occurs. 
Mother-to-fetus transmission causes fetal hydrops and death; however, risk is low (about 5%).

Pathophysiology
Th e rash associated with parvovirus B19 is the result of an immune-mediated response. Children are most
contagious during the prodromal period before the rash appears. After initial infection of the respiratory tract, 
viremia occurs with subsequent viral attachment to the P antigen on RBC precursors. Appearance of parvovi-
rus-specifi c IgG correlates with protection from disease.

Arthralgia and arthritis may develop in adult women as the result of infection with parvovirus B19. Com-
monly aff ected joints include those of the hands, wrists, and knees. Joint pain and swelling usually resolve after 
1 to 2 weeks, although symptoms may persist for months.

Because parvovirus B19 infects RBC precursors, most infected children experience mild and transient 
anemia. Children with disorders characterized by increased RBC turnover (e.g., sickle cell disease, glucose-6-
phosphate dehydrogenase defi ciency, autoimmune hemolytic anemia) develop transient aplastic crisis. Patients 
with immunodefi ciency are at risk for chronic parvovirus infection and bone marrow failure. Parvovirus B19 
infection is also reported to cause neutropenia and thrombocytopenia and is increasingly identifi ed as a cause 
of acute viral myocarditis.
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Clinical and Laboratory Evaluation
History

Children come to medical attention only after the rash appears. Illness is usually mild. Most children have a 
prodrome of low-grade fever, upper respiratory tract symptoms, and mild malaise.

Physical Examination

Children are well-appearing, with a low-grade fever or sometimes none at all. A red, fl at rash on the cheeks and a 
lacy, reticular, often pruritic, rash on the trunk and extremities is notable. Th e rash becomes more intense if children 
are exposed to warm temperatures (e.g., a bath). Th e duration of the rash is approximately 7 to 10 days.

Examination of the joints for presence of arthralgia or arthritis is warranted. Complications of erythema 
infectiosum are uncommon in healthy children.

Laboratory Evaluation

Diagnoses in healthy children are made by clinical signs and symptoms. Laboratory work reveals mild 
anemia and a low reticulocyte count. Severe anemia is present in aplastic crisis. Serum IgM is more than 
90% sensitive in identifying recently infected individuals, and serum IgG indicates previous infection and 
immunity. Serum DNA PCR is the preferred method of detection of parvovirus B19 infection in immuno-
compromised hosts.

Differential Diagnosis
Th e diff erential diagnosis of parvovirus B19 infection includes rubella, enterovirus infection, and drug reaction. 
If arthritis is present, juvenile idiopathic arthritis or other collagen vascular diseases must be considered.

Management
Treatment is not necessary in most children.

Pediatric Pearl: In patients with parvovirus, when the rash appears, children are not conta-
gious, and it is not necessary to keep them home from school or day-care facilities.
Pe
gio

Isolation for 7 days is necessary for children with transient aplastic crisis, who often have no rash. Hos-
pitalized, immunosuppressed children require isolation for the duration of hospitalization because of risk of 
prolonged viral shedding. Intravenous immune globulin may be eff ective in children with immunodefi ciency or 
transient aplastic crisis. Intrauterine blood transfusion has been useful in the treatment of hydrops fetalis result-
ing from parvovirus B19.

CHICKENPOX (VARICELLA) (SEE TABLE 9-24)
Chickenpox results from primary infection with VZV.

Pathophysiology
Infection is characterized by a generalized pruritic vesicular rash. Children are contagious from 1 to 2 days prior
to the onset of the rash until the lesions have crusted. During primary infection, VZV establishes latency in 
dorsal root ganglia. Reactivation of virus results in herpes zoster (shingles).

Th e most common complication of chickenpox is bacterial superinfection with S. pyogenes or S. aureus. 
Parents of children who suff er from this complication often report that children were improving and afebrile 
with crusting lesions when they developed a new fever late in the course of illness. SBIs include pyogenic arthri-
tis, osteomyelitis, pneumonia, bacteremia, and necrotizing fasciitis. Nonbacterial complications of chickenpox 
include pneumonia, cerebellar ataxia, encephalitis, hepatitis, hemorrhagic varicella, and arthritis. Disseminated 
VZV infection may cause death in immunocompromised patients as well as in healthy patients with a history 
of recent steroid therapy.
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Clinical and Laboratory Evaluation
History

Children with chickenpox have a history of contact with another infected person within the previous 10 to 21 
days. Although mild cases of varicella may occur in children who have been vaccinated against the disease, chil-
dren usually have no history of varicella immunization. Prodromal symptoms include fever and malaise.

Physical Examination

Fever is often present. Th e child appears mildly to moderately ill. In cases of disseminated chickenpox or bacte-
rial superinfection, the child may appear very ill. Th e rash begins on the neck, face, or upper trunk and spreads 
outward over the next 3 to 5 days. Mucous membranes may be involved. Lesions initially appear as small papules 
on an erythematous base. Th e papules evolve into vesicles that eventually form crusts. Th e rash is often intensely 
pruritic. It is important to inspect the rash for signs of hemorrhage or infection.

Lung examination may reveal signs of pneumonia caused by VZV or bacteria. Careful examination of the 
bones and joints may indicate infection caused by S. aureus or S. pyogenes. Neurologic examination may reveal 
cerebellar ataxia.

Laboratory Evaluation

Diagnosis of varicella is based on clinical fi ndings. If the diagnosis is uncertain, it may be necessary to send 
scrapings of the bases of vesicular lesions for direct fl uorescent antibody testing specifi c for VZV. A Tzanck 
smear reveals multinucleated giant cells; however, it is not specifi c for VZV and is less sensitive and accurate 
than direct fl uorescent antibody. It is also possible to culture virus from lesions, but results are not immediately 
available.

Blood culture is warranted if bacterial superinfection is suspected. Chest radiograph, CBC, coagulation 
screen, and liver enzymes may be appropriate in ill-appearing children.

Management
Supportive treatment is appropriate for uncomplicated chickenpox in normal hosts. Acyclovir is useful in 
immunocompromised patients or patients with complications of disease. Antibiotics with activity against S. 

pyogenes and S. aureus may be eff ective in cases of suspected bacterial infection.
Prevention involves varicella vaccine, which is a live attenuated vaccine. Two doses are given, one at 12 

to 15 months of age and the second at 4 to 6 years of age. Th e vaccine is not recommended for use in immu-
nocompromised individuals or pregnant women. VariZIG is used for passive immunoprophylaxis in patients 
exposed to varicella who are at risk for severe disease. VariZIG is a lyophilized purifi ed human immune globulin 
prepared from plasma with high levels of varicella antibody. If VariZIG is not available, administration of in-
travenous immune globulin is recommended. Administration should occur within 96 hours of exposure. Candi-
dates include susceptible pregnant women, newborns whose mothers develop chickenpox shortly before or after 
delivery, premature infants, and immunocompromised children. Chemoprophylaxis with oral acyclovir is also 
used in selected nonimmune patients 7 to 10 days after exposure to prevent serious disease.

BACTERIAL EXANTHEMS

STREPTOCOCCUS PYOGENES (SCARLET FEVER) INFECTION
Th e rash of scarlet fever results from the vascular eff ects of streptococcal pyrogenic exotoxins A, B, and C pro-
duced by S. pyogenes. Th is organism also directly infects skin and soft tissue, causing impetigo, cellulitis, erysip-
elas, and necrotizing fasciitis. Various clinical fi ndings are associated with these conditions (Table 9-25).

Clinical and Laboratory Evaluation
History

Prodromal symptoms of scarlet fever include fever, pharyngitis, chills, and abdominal pain. Th e rash appears 1 
to 2 days after initial symptoms.
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 TABLE 9-25

Skin and Soft Tissue Manifestations of Streptococcus pyogenes and 
Staphylococcus aureus
Organism Disease Clinical Findings

Streptococcus pyogenes Scarlet fever See text

(GABHS) Impetigo Afebrile, honey-crusted pustular superfi cial skin 
lesions

Erysipelas Fever, well-demarcated erythematous advancing 
superfi cial skin infection

Cellulitis Fever, pain, deeper infection of subcutaneous tissue

Necrotizing fasciitis Fever, pain out of proportion to skin fi ndings, 
bullous lesions or erythema, tissue necrosis

STSS Fever, erythematous macular rash, hypotension, 
renal impairment, coagulopathy, liver dysfunction, 
respiratory distress, soft tissue necrosis

Staphylococcus aureus Staphylococcal scarlet 
fever

Same as S. pyogenes scarlet fever except no pharyn-
gitis or enanthem

Impetigo Afebrile, honey-crusted pustules superfi cial skin 
lesions

Folliculitis
Furuncle/carbuncle

Abscess or cellulitis

Infection of hair follicle
Infection of hair follicle(s) and surrounding tissue
Infection of skin/soft tissue 
May appear to look like a spider bite (particularly 
with MRSA infection)

Staphylococcal scalded 
skin syndrome

Fever, tender erythematous skin, bullous lesions, 
positive Nikolsky signa

Toxic shock syndrome Fever, erythroderma (sunburn-like rash), hypoten-
sion, mucous membrane hyperemia, vomiting and 
diarrhea, myalgia, renal and hepatic dysfunction, 
thrombocytopenia, altered level of consciousness

a Nikolsky sign is when the top layer of skin slips away from the lower layers with gentle rubbing.

GABHS, group A �-hemolytic streptococcus; STSS, streptococcal toxic shock syndrome. 

Physical Examination

Most children with scarlet fever are only mildly ill. Th e rash of scarlet fever is erythematous and blanching, with
fi ne, sandpaper-like papules on palpation. It is most prominent in warm, moist areas such as the neck, axillae, 
and groin, and spares the area around the mouth (circumoral pallor). Other skin fi ndings include petechiae and 
areas of hyperpigmentation in skin creases (Pastia lines). Approximately 1 week after the appearance of the rash, 
fi ne desquamation begins on the face and spreads to the trunk and extremities.

Laboratory Evaluation

See Pharyngitis.

Differential Diagnosis
Other causes of a rash resembling scarlet fever may occur after infection with S. aureus or A. haemolyticum. A 
scarlet fever–like rash may also occur in association with streptococcal disease other than pharyngitis (e.g., bone 
or joint infection, pneumonia, streptococcal toxic shock syndrome).
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Management
Parenteral antibiotics administered in the hospital are necessary for treatment of serious infections associated 
with scarlatiniform rash (see Pharyngitis).

STAPHYLOCOCCUS AUREUS INFECTION
Infection with S. aureus causes a variety of skin manifestations (see Table 9-25). Strains of this bacterium pro-
duce an exfoliative toxin that cause bullous impetigo, staphylococcal scalded skin syndrome, or a scarlatiniform 
eruption similar to the rash seen with streptococcal scarlet fever. Skin and soft tissue infections with MRSA 
have become increasingly prevalent. Th ese infections are characterized by skin abscesses, which may appear to 
look like spider bites. Th ey are often recurrent and may also occur in household members or close contacts (e.g., 
sports teams). Cellulitis, which occurs after direct infection of skin and subcutaneous tissues with S. aureus, is 
usually the result of trauma to the skin but occasionally occurs with hematogenous dissemination of bacteria. 
A diff use sunburn-like rash (erythroderma) is seen with staphylococcal toxic shock syndrome (TSS) caused by 
TSS toxin-1–producing strains of S. aureus.

Pathophysiology
Many individuals are asymptomatically colonized with S. aureus in their anterior nares, skin, rectum, or vagina. 
Pathogenesis of infection is either by direct invasion of tissue or by eff ects of toxin-producing organisms distant 
from the site of the skin lesion.

Clinical and Laboratory Evaluation (see Table 9-25)
S. aureus is easily cultured from skin lesions or other sources of infection. If S. aureus is isolated from skin 
abscesses, blood, tissue, or CSF, susceptibility testing to identify possible methicillin resistance is necessary. 
See Table 9-25.

Management
Treatment for impetigo is with either a topical antistaphylococcal ointment such as mupirocin or retapamulin, 
or with an oral antistaphylococcal antibiotic such as dicloxacillin or a fi rst-generation cephalosporin. Skin and 
soft tissue abscesses may be managed with incision and drainage (I and D) alone or I and D plus oral antibiotics. 
If infection with MRSA is likely, trimethoprim/sulfamethoxazole, clindamycin or doxycycline (in children older 
than 7 years) may be eff ective. It is important to note that trimethoprim/sulfamethoxazole is not eff ective in 
treating skin and soft tissue infections caused by S. pyogenes. Treatment for more extensive cellulitis or other seri-
ous staphylococcal infection is intravenous antibiotics. Drugs used include nafcillin, cefazolin, and clindamycin. 
Vancomycin or linezolid is useful for suspected MRSA. Treatment for suspected toxic shock syndrome involves 
admission for supportive care and intravenous antibiotics, with identifi cation and removal of the source of infec-
tion (e.g., tampon, staphylococcal abscess).

ROCKY MOUNTAIN SPOTTED FEVER
Rocky Mountain spotted fever (Rickettsia rickettsii) is rickettsial disease caused by an intracellular, gram-nega-
tive coccobacillary bacteria. Th e infection is associated with a characteristic rash. Despite its name, this disease 
is reported throughout the United States, although it is most commonly seen in Oklahoma, Kansas, Missouri, 
Arkansas, North Carolina, and Tennessee, particularly from late spring through fall.

Pathophysiology
Inoculation of R. rickettsii into the dermis, with subsequent infection of endothelial cells, occurs via a tick 
bite. Th e incubation period is 2 to 14 days. After replication and dissemination of bacteria, vascular infl am-
mation is associated with a petechial or maculopapular rash. Unrecognized and untreated infection results 
in multisystem organ involvement, vascular obstruction, disseminated intravascular coagulation (DIC), and 
occasionally death.
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Clinical and Laboratory Evaluation
History

Children may have a history of tick exposure in an endemic area. Prodromal symptoms are nonspecifi c and 
include headache, fever, and malaise. Nausea, vomiting, abdominal pain, and diarrhea may be present.

Physical Examination

Children are febrile and ill appearing. Th e rash, which appears after the third day of illness, is unique in that it 
begins peripherally on the wrists, ankles, and lower legs and spreads centrally. Th e soles and palms may be in-
volved. Initial lesions are erythematous blanching macules or papules that evolve over several days into petechiae 
or purpura. A small percentage of patients with Rocky Mountain spotted fever do not have a rash.

Laboratory Evaluation

Th is organism does not grow on routine bacterial culture media. A rickettsial group-specifi c serologic test con-
fi rms the diagnosis. PCR testing, if available, can identify the presence of the organism in blood. A skin biopsy 
of petechial lesions detects R. rickettsii antigen. A CBC may reveal thrombocytopenia and leukopenia.

Management
Children with suspected Rocky Mountain spotted fever require admission to the hospital for administration of 
antibiotics, ideally, before day 5 of the illness. Antibiotics used to treat other childhood bacterial infections (e.g., 
penicillins, cephalosporins, macrolides) have no activity against R. rickettsii. Use of tetracyclines, including 
doxycycline, is generally not recommended for children younger than 8 years because of the risk of discoloration 
of tooth enamel. However, with suspected Rocky Mountain spotted fever, the benefi t of using doxycycline out-
weighs the small risk of tooth discoloration.

NEISSERIA MENINGITIDIS INFECTION
N. meningitidis, a small gram-negative diplococcus, causes a spectrum of diseases, including acute bacteremia 
with sepsis, meningitis, localized infection (pneumonia, arthritis), and occasionally chronic bacteremia. Chronic 
meningococcal infection is characterized by recurrent episodes of fever, rash, and arthralgia.

Pathophysiology
N. meningitidis causes disease when bacteria disseminate through the upper respiratory tract into the bloodstream.

Clinical and Laboratory Evaluation
History

Children with acute bacteremia often have a prodrome of fever, pharyngitis, and headache. Th ey may have a 
history of contact with a family member or friend with N. meningitidis infection.

Physical Examination

Children are febrile and appear mildly to severely ill. Hypotension, poor perfusion, and cyanosis may be present. 
Petechial or purpuric skin lesions occur in approximately 70% of children; clinicians have reported fi nding other 
types of rash, including maculopapular and pustular lesions. Signs of meningitis, pneumonia, or joint infection 
may be evident.

Laboratory Evaluation

Diagnosis of meningococcal disease is made by isolating the organism from blood or CSF.

Differential Diagnosis
Diff erential diagnosis of petechial rash includes enteroviral infection, rickettsial infection, idiopathic thrombo-
cytopenic purpura, and leukemia.
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Management
Hospital admission for antibiotics and supportive care is necessary. Penicillin remains the drug of choice for 
treatment for confi rmed meningococcal infection. In the United States, some isolates with decreased suscep-
tibility to penicillin have been reported and resistance is widely reported in other parts of the world. Th ird-
generation cephalosporins are acceptable alternatives for therapy.

It is necessary to notify the local health department immediately about suspected or proven cases of 
meningococcal disease. Close contacts of index cases are at high risk for colonization with N. meningitidis and 
are candidates for prophylaxis. Antibiotics used for prophylaxis include rifampin, ceftriaxone, and ciprofl oxacin. 
In recent years, isolates of N. meningitidis in some parts of the United States are reported resistant to ciprofl oxa-
cin; therefore, knowledge of local susceptibility patterns is imperative.

Vaccination with meningococcal conjugate vaccine provides protection against infection with meninogoc-
cal serotypes A, C, Y and W-135 and two doses are recommended for all adolescents age 11 to 18 years. 
 Children 2 years of age and older who are at higher risk for infection, including those with defi ciencies of 
 terminal complement or properdin, asplenia, or HIV infection may also benefi t from vaccination.

OTHER INFECTIOUS DISEASES

PEDIATRIC HIV INFECTION
Since the beginning of the HIV epidemic, thousands of children in the United States have been infected with 
HIV. AIDS is the severe end of the clinical spectrum of disease caused by HIV. As of 2007, more than 8,000 
cases of AIDS in children have been reported as a result of perinatal transmission of virus. An increasing number 
of adolescents acquire the virus through heterosexual and homosexual contact or intravenous drug use. Trans-
mission of HIV through contaminated blood transfusion or blood products has virtually been eliminated.

Th e number of children with perinatally acquired HIV infection has decreased dramatically since the 
mid-1990s. Th e decline in the transmission of HIV that has occurred over the last 15 years is attributed to 
screening for HIV infection during pregnancy and to the use of zidovudine and other antiretroviral agents in 
pregnant women. Approximately 12% to 40% of infants born to untreated HIV-positive mothers are infected 
with the virus. Appropriate management of the infected mother with highly active antiretroviral therapy during 
pregnancy, prophylaxis during the time of delivery, prophylaxis for the infant after birth and the recommenda-
tion that HIV-positive mothers not breastfeed, has decreased the risk of transmission to less than 2%. In cases 
where HIV infection was acquired later in pregnancy, adherence to antiviral therapy is poor, or maternal viral 
load is high, the risk of transmission is likely higher.

Pathophysiology
HIV is a member of the Retroviridae family in the genus lentivirus. Th ere are two types of HIV (1 and 2) that 
cause disease. Infection with HIV 2 is not common in the United States. Th e initial cellular targets of HIV are 
Langerhans cells in the genital mucosa; infected cells fuse with CD4 lymphocytes and spread to deeper tissues. 
After the virus is internalized in the host cell and uncoated, viral reverse transcriptase facilitates transcription 
of viral RNA into DNA. Th e DNA is transported into the nucleus of the host cell and subsequent synthesis of 
new viral polyprotein occurs. HIV protease must cleave the large polyprotein into several smaller proteins for 
newly synthesized virions to mature and become infectious. Mature HIV virions are released from the host cell 
and reinitiate the life cycle by infecting other CD4� target cells.

Th e virus is detectable in regional lymph nodes within 2 days of infection and in plasma 4 to 11 days after 
infection. An initial rapid rise in plasma viremia occurs with a subsequent marked reduction in plasma viral 
RNA to a “viral set point.” Th e amount of viral RNA (or viral load) is usually higher in infected infants than in 
older children and adults.

Clinical and Laboratory Evaluation
History

It is necessary to obtain a careful social history from the child’s parents to elicit risk factors for disease. However, 
the absence of apparent risk factors does not rule out HIV disease. It is important to discuss previous HIV 
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test results and exposure history (e.g., intravenous drug use, sexual behavior, transfusions) in a sensitive and 
confi dential manner. Partners and extended family members are often unaware of an individual’s risk factors. 
A negative HIV antibody test during pregnancy is reassuring but does not rule out infection after testing was 
performed.

Pediatric Pearl: It is important to offer HIV testing to all pregnant women because appro-
priate antiretroviral therapy during pregnancy and delivery and antiretroviral prophylaxis for 
the infant is proven to prevent perinatally acquired HIV infection.

Pe
pr
th

Signs of primary HIV infection are rare in infants. Adolescents and adults may be asymptomatic or have 
symptoms of an acute illness similar to infectious mononucleosis (Table 9-26). Children with perinatally 
acquired HIV infection are often asymptomatic at birth but develop signs and symptoms of disease as they 
grow older; most have historical and clinical fi ndings of HIV infection by 18 to 24 months of age. A small 
number of infected children come to medical attention within the fi rst 2 or 3 months of life when they develop 
Pneumocystis carinii (jirovecii) pneumonia or disseminated CMV infection. Medical history of the child may 
reveal poor growth, recurrent otitis media or respiratory infections, mild developmental delay, diarrhea, chronic 
thrush, or diaper rash.

Physical Examination

Several abnormalities are apparent on physical examination (Table 9-27).

Laboratory Evaluation

For exposed infants, testing involves the use of the PCR for HIV viral DNA or RNA. Testing is performed with-
in 2 to 3 weeks after birth and repeated at 1 to 2 months and at 4 to 6 months of age. Some experts recommend 
testing within 48 hours of birth in order to diagnose infection acquired in utero. Serologic testing of perinatally 

 TABLE 9-26

Signs and Symptoms of Acute HIV Infection in Adolescents and Adults

Clinical features

 Fever

 Fatigue

 Rash

 Headache

 Lymphadenopathy

 Pharyngitis

 Myalgia or arthralgia

 Nausea/vomiting/diarrhea

Laboratory fi ndings

 Th rombocytopenia

 Leukopenia

 Elevated hepatic enzymes
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exposed infants confi rms exposure but not infection, because a positive test may refl ect transplacentally acquired 
antibody. It is necessary to repeat a positive HIV test to confi rm the diagnosis.

For children over 18 months of age, standard serologic testing is suffi  cient. Serologic tests are negative until 
3 to 4 weeks after acute infection. A positive enzyme-linked immunoassay test is confi rmed by Western blot. For 
adolescents and adults, diagnosis of acute HIV syndrome involves detection of HIV viral RNA in plasma. Viral 
RNA is detectable in plasma 1 to 3 weeks before the antibody test is positive.

After establishing the diagnosis of HIV infection, it is appropriate to determine a child’s immunologic 
status based on the percent of CD4� lymphocytes and clinical symptoms (Table 9-28). Children infected with 

 TABLE 9-27

Abnormalities on Physical Examination Seen in Children with 
Perinatal HIV Infection

General

 Failure to thrive

HEENT examination

 Acute or chronic otitis media

 Eye abnormalities (cytomegalovirus retinitis)

 Th rush, aphthous stomatitis

 Chronic parotid gland enlargement

 Diff use cervical lymphadenopathy

Lungs

 Chronic cough

 Adventitial sounds on auscultation including wheezes, rhonchi

Heart

 Tachycardia

 Irregular rhythm

Abdomen

 Hepatomegaly

 Splenomegaly

Neurologic examination

 Spasticity

 Developmental delay

Skin

 Diaper rash

 Seborrhea

 Eczema

 Papillomavirus (warts)

 Molluscum contagiosum

HEENT, head, eye, ear, nose, and throat.
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HIV typically have a decrease in the number of CD4� lymphocytes and an increase in the number of CD8+ 
lymphocytes, which results in an inverted CD4�:CD8� ratio (usually less than 1.0). Th e normal number of 
CD4� and CD8� lymphocytes varies with age, with higher numbers seen in infants.

Routine laboratory tests are appropriate. A CBC may reveal mild leukopenia, anemia, or thrombocytope-
nia. Transaminases may be mildly elevated.

Management
Although there is no cure for HIV infection, the use of highly active antiretroviral therapy is successful in sup-
pressing viral load and preventing destruction of CD4+ lymphocytes. Th ree classes of antiretroviral drugs are 
currently used most often in children.

Th e nucleoside analog reverse transcriptase inhibitors (NRTIs) prevent transcription of viral RNA into 
DNA. Th ey compete with cellular deoxynucleoside triphosphates, and after being incorporated into the grow-
ing DNA strand, they cause premature termination of the HIV DNA intermediate. Th e nonnucleoside analog 
reverse transcriptase inhibitors (NNRTIs) prevent transcription of viral RNA into DNA by noncompetitive 
binding of viral reverse transcriptase. Th e protease inhibitors, which bind to specifi c cleavage sites on the HIV 
polyprotein, prevent viral protease from cleaving the larger polypeptide into smaller mature virions.

Recommendations for initial therapy should take into account the child’s age, immunologic status, viral 
load, and ability and willingness to comply with medication regimen. Poor compliance contributes to the de-
velopment of a resistant virus. In HIV-1 infected children, initial antiretroviral treatment typically includes two 
NRTIs plus either a protease inhibitor or an NNRTI. In infants born to HIV-positive women, prophylaxis with 
azidothymidine (AZT) is essential, and babies should receive oral AZT, 2 mg/kg/dose four times a day for 6 
weeks. HIV virus is present in breastmilk; therefore, breastfeeding is not recommended. Treatment recommen-
dations for antiretroviral therapy are constantly evolving. Children with HIV infection or exposure should be 
managed by a specialist in pediatric HIV medicine.

After the initiation of therapy, it is necessary to monitor children monthly for immunologic and virologic 
response and for adverse drug eff ects. During the fi rst 3 to 6 months of treatment, the clinician may expect to 
see an increase in CD4+ lymphocyte count and signifi cant decrease in viral load (often to undetectable levels). 
Adverse eff ects of antiretroviral therapy include anemia, elevated transaminases, pancreatitis, and hyperlipi-
demia. Th e most common complication of AZT prophylaxis in infants is anemia.

 TABLE 9-28

Clinical and Immunologic Categories of Pediatric HIV Infection

Clinical Classifi cation

  N- No signs of symptoms of illness

  A- Mild signs and symptoms

  B- Moderate signs and symptoms

  C- Severe signs and symptoms

Immunologic Category

CD4� Count (�L) by Age (% lymphocytes)

	12 months 1–5 years 6–12 years

No evidence of suppression 
1500 (
25) 
1000 (
25) 
500 (
25)

Moderate suppression 750–1499 (15–24) 500–999 (15–24) 200–499 (15–24)

Severe suppression 	750 (	15) 	500 (	15) 	200 (	15)
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Children with HIV infection are at risk for opportunistic infections caused by pathogens such as Pneu-

mocystis jirovecii (PCP), Mycobacterium avium-intracellulare, Cryptococcus neoformans, cytomegalovirus, and Toxo-

plasma gondii. Infants exposed to HIV at birth receive prophylaxis for P. jirovecii beginning at 4 to 6 weeks of 
age unless the child is presumed negative for HIV infection (based on specifi c diagnostic criteria). If the child 
is infected, prophylaxis is continued until 12 months of age. After 12 months of age, the decision to give PCP 
prophylaxis is based on the CD4� lymphocyte count. (For specifi c recommendations concerning prophylaxis, 
see Suggested Readings.)

TUBERCULOSIS
M. tuberculosis infects approximately one-third of the world’s population and is responsible for 2 million deaths 
annually. In the United States, there were more than 14,000 reported cases of tuberculosis and more than 100 
deaths in children from 1993 to 2006. Th e incidence of tuberculosis is highest in nonwhite racial and ethnic 
groups, particularly in low socioeconomic populations or urban areas. Tuberculosis in young children diff ers 
from that of adolescents and adults. Children are at increased risk of extrapulmonary disease due to lympho-
hematogenous spread of bacteria. Th e risk of disseminated disease (miliary and CNS) is greatest in children 
younger than 4 years of age.

Pediatric Pearl: The diagnosis of tuberculosis infection or disease in a child is a sentinel 
event signaling the presence of other cases in the household or community.
Pe
ev

Th e source of infection in children is usually a household contact. Casual contact such as in school or a 
day-care center is less frequently the source of transmission. Children younger than 12 years of age are unlikely 
to transmit infection because they rarely have cavitary lesions with large numbers of organisms, and they usually 
do not cough or produce sputum. It is worth noting that an individual whose sputum smear is positive for acid 
fast bacilli (AFB) is more contagious than one who has a positive culture but a negative sputum smear. Myco-

bacterium bovis also causes tuberculosis disease, frequently involving the GI tract. It is acquired from ingesting 
unpasteurized milk and dairy products.

By defi nition, children who have recently been in contact with a person who has contagious pulmonary 
tuberculosis have been exposed to the disease. Latent tuberculosis infection (LTBI) is defi ned as infection in 
a person with a positive tuberculin skin test (TST) or interferon-gamma release assay (IGRA), no  symptoms, 
and a CXR that is either normal or shows only evidence of “old” or healed disease (e.g., calcifi cation in 
the lung or lymph nodes). Individuals with tuberculosis disease have a positive TST or IGRA, symptoms, 
 abnormal fi ndings on physical examination, and an abnormal chest radiograph or evidence of extrapulmonary 
disease. Many clinical forms of tuberculosis exist (Table 9-29).

Pathophysiology
Tuberculosis is transmitted when a contagious person coughs and releases infected droplets of mucus into 
the air. Infection begins when the infected droplet nucleus reaches a pulmonary alveolus. A pulmonary mac-
rophage or neutrophil ingests the bacteria, which begins to multiply. Within a few weeks, the pathogen 
spreads through regional lymphatics to the lymph nodes in the hilum. A few bacilli enter the bloodstream 
and are spread throughout the body. Approximately 3 to 12 weeks after infection, a T lymphocyte–mediated 
infl ammatory response facilitates enhanced phagocytosis and killing of intracellular organisms. Th e infl am-
matory response corresponds to the time the TST becomes positive. At this time, a primary complex may be 
visible on the chest radiograph, consisting of a focus of infection in the subpleural area, hilar adenopathy, or 
a localized pleural eff usion.

Clinical and Laboratory Evaluation
History

History focuses on travel and exposure to ill family members or friends. Recent immigrants, homeless children, 
or individuals who have been exposed to intravenous drug users or HIV-positive persons are at increased risk 
for tuberculosis.
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 TABLE 9-29

Selected Forms of Tuberculosis

Clinical Form Characteristics

Pulmonary tuberculosis

 Primary Asymptomatic, or cough, fever, weight loss
Chest radiograph looks worse than patient
Signs of partial bronchial obstruction such as atelectasis may be present

 Progressive primary May occur in immunosuppressed child
Enlargement of primary complex, caseation, and cavitation
Chest radiograph consistent with bronchopneumonia

  Endobronchial 
 tuberculosis

Partial or complete obstruction of bronchus
Segmental collapse and consolidation

 Reactivation Classic “adult” form: results from growth of previously dormant bacilli in lung
Upper lobe disease with cavity

 Pleural Less common in young children
Occurs 6 months after primary infection
Fever, chest pain
Chest radiograph shows pleural eff usion and primary parenchymal lesion

 Pericardial Pericardial eff usion

Lymphadenitis Diffi  cult to diff erentiate from infection with nontuberculous mycobacteria
Excision of node confi rms diagnosis and cures nontuberculous mycobacte-
ria (incisional biopsy may result in chronic drainage; some success with fi ne 
needle aspiration)
Antituberculous therapy required

Miliary tuberculosis Occurs early after primary infection
Young children or immunocompromised patients
Fever, hepatosplenomegaly, lymphadenopathy
TST sometimes negative
Chest radiograph reveals multiple small lesions
Must exclude meningitis
Good prognosis with therapy

Meningitis Occurs early after primary infection
Diagnosis diffi  cult (40% of children with negative TST; 25% of children with 
normal chest radiograph)
Cerebrospinal fl uid
• Initial polymorphonuclear cell response, usually 50–500 cells/�L
• Initial diagnosis is often partially treated bacterial meningitis
• As illness progresses, mononuclear cells increase, glucose decreases, 

protein increases

TST, tuberculin skin test.
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Th e clinical manifestations of the disease are diverse and subtle. A history of cough, weight loss, night 
sweats, or chills may be elicited. Multiple foci of infection are sometimes present in children. M. tuberculosis may 
infect the eyes, ears, skin, bone (particularly vertebral bodies), genitourinary tract, and cause intra-abdominal 
infection. Mothers with untreated tuberculosis during pregnancy transmit infection to the fetus.

Physical Examination

Pertinent fi ndings include weight loss, fever, lymphadenitis, hepatosplenomegaly, abnormalities on neurologic 
examination, and skin lesions (rare). Lung fi ndings with pulmonary tuberculosis may include cough, decreased 
breath sounds, and dullness to percussion over the aff ected areas of the lung. Some infants and children with 
tuberculosis disease may appear relatively well early in the course of illness.

Tuberculous lymphadenitis (scrofula) is the most common extrapulmonary manifestation. Large, non-
tender, rubbery, matted anterior cervical, or submandibular lymph nodes are evident. Bilateral lymphadenopathy 
may be present. Signs of acute infl ammation such as redness, warmth, erythema, and tenderness are absent. Over 
time, infected lymph nodes become fl uctuant (softer) as nodes become necrotic. Spontaneous drainage and 
development of a sinus tract may occur.

Children with miliary tuberculosis often appear mildly to moderately ill. Fever is present, and hepatosple-
nomegaly with diff use lymphadenopathy is apparent.

Diagnosis of tuberculous meningitis is often delayed because initial symptoms, including fever, irritability, 
and poor appetite, are nonspecifi c (stage I). As infection progresses, children develop vomiting, drowsiness, and 
cranial nerve palsies (stage II). Infants may have a bulging fontanel, and stiff  neck is present in one-third of pa-
tients. Severe changes in mental status, seizures, focal neurologic defi cits, and involuntary movements eventually 
develop (stage III). M. tuberculosis meningitis often involves the base of the brain and brainstem.

Laboratory Evaluation

Diagnosis of tuberculosis depends on clinical, radiographic, and laboratory fi ndings. Two types of tests are avail-
able for determining whether an individual has been infected with tuberculosis. Th e fi rst is the PPD TST. Th e 
second type of test is an interferon gamma release assay (IGRA).

A positive TST is indicative of tuberculosis infection. A positive test does not diff erentiate LTBI from tubercu-
losis disease. It is important to measure the area of induration (not erythema) in millimeters around the injection site 
48 to 72 hours after intradermal injection of 5 tuberculin units of PPD and note it in the medical record. Th e defi ni-
tion of a positive TST depends on the age of the child, immune status, and risk factors for exposure (Table 9-30). Th e 
TST may be negative in infants and in children with miliary disease and immunosuppression.

 TABLE 9-30

Defi nition of Positive Mantoux Tuberculin Skin Testa

Size of Induration (mm) Interpretation


15 Positive at any age


10 Positive if:
Underlying disease including lymphoma, diabetes mellitus, renal 
failure, malnutrition, children (	4 years of age)
Increased risk of exposure through travel, birth in a country where 
disease is common, exposure to adults who are migrant farm workers, 
homelessness, HIV infection, incarceration, or use of intravenous drugs


5 Positive if:
Close contacts of known or suspected contagious cases
Children receiving immunosuppressive therapy or with immunosupp-
ressive diseases
Children with clinical or chest radiograph evidence suspicious for 
 tuberculosis

a Five tuberculin units of purifi ed protein derivative (PPD). Induration is measured 48 to 72 hours after placement of TST.
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 TABLE 9-31

Selected Nontuberculous Mycobacteria

Organism Site of Infection

Slow growers (�7 days for growth)

  Mycobacterium avium complex 

(includes M. avium and M. 

intracellulare)

Bronchopulmonary, lymphadenitis, disseminated (HIV-positive)

 M. kansasii Bronchopulmonary, skeletal, skin and soft tissue, disseminated (HIV-
positive)

 M. szulgai Bronchopulmonary

 M. scrofulaceum Bronchopulmonary, lymphadenitis, skeletal

 M. haemophilum Skeletal, skin and soft tissue

Intermediate growers (7–10 days of incubation)

 M. marinum Skin and soft tissue, less often disseminated disease

Rapid growers (� 7 days for growth on agar)

 M. fortuitum Skin, soft tissue, disseminated, intravascular device

 M. chelonae Skin, soft tissue, disseminated, intravascular device

 M. abscessus Skin, soft tissue, skeletal, disseminated, bronchopulmonary, catheter

IGRAs are blood tests that measure ex vivo lymphocyte production of interferon-� to specifi c antigens 
of M. tuberculosis complex. Recommendations for use of the test are similar to those for use of the TST. Th ere 
is little data regarding performance of the test in children younger than 4 years, and therefore it should only 
generally be considered for use in children 5 years or older. Th e sensitivity of the IGRAs appears similar to the 
TST in older children. Because IGRAs measure the interferon-� response to specifi c antigens of M. tuberculosis 

complex, they are useful in individuals who have received BCG vaccine in diff erentiating whether a positive skin 
test is due to BCG vaccine antigen versus M. tuberculosis infection.

It is necessary to obtain specimens of sputum for AFB smear and culture. In children unable to produce 
a good sputum sample, specimens of gastric acid are indicated. Gastric aspirates obtained early in the morning 
before respiratory secretions swallowed during the night pass out of the stomach are suffi  cient. Samples are col-
lected as children awaken, before they are allowed to eat. Th ree specimens are obtained on 3 successive days.

Gastric aspirates are more sensitive than bronchial alveolar lavage for isolation of M. tuberculosis; the 
 organism can also be isolated from urine, tissue, pleural fl uid, and CSF (large volumes of CSF are required). 
Rapid diagnostic tests, including PCR amplifi cation, are currently useful for rapid identifi cation and susceptibil-
ity testing of the organism after it is isolated in culture.

Differential Diagnosis
Diff erential diagnosis of pulmonary tuberculosis includes bacterial or fungal causes of pneumonia such as 
Streptococcus pneumoniae, Staphylococcus aureus, M. pneumoniae, and C. immitis. Children with pulmonary tuber-
culosis typically have less respiratory distress than children with bacterial pneumonia.

Nontuberculous lymphadenitis is similar in presentation to tuberculous lymphadenitis (Table 9-31). Bacte-
rial lymphadenitis is more likely associated with warmth, erythema, and tenderness of the aff ected node.

Th e diff erential diagnosis of tuberculous meningitis includes infection with fungal organisms such as 
C. immitis or partially treated bacterial meningitis.
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Management
If tuberculosis infection or disease is suspected based on exposure, clinical examination, TST or IGRA results, 
or chest radiograph, therapy is initiated pending culture results. M. tuberculosis grows slowly. Time to isolation 
and identifi cation ranges from 2 to 10 weeks. Treatment involves the use of medications.

Natural resistance to currently available antituberculous drugs occurs at a fi xed rate. Patients with large num-
bers of bacteria (e.g., with cavitary disease) are more likely to have organisms resistant to at least one antitubercu-
lous medication. For this reason, a combination of antituberculous medications must be used to eff ect a cure.

Current recommendations for initial treatment of pulmonary disease and lymphadenitis include three or 
four antituberculous medications (Table 9-32). With extrapulmonary disease, including meningitis, miliary, or 
bone and joint disease, treatment involves four drugs at fi rst. In the case of suspected drug resistance, it is always 
necessary to add a fourth drug until results of susceptibility testing are known. Drug resistance is considered if 
the contact source is from Asia, Africa, Latin America, or resides in an urban area with a documented high rate 
of resistance. Previous treatment for tuberculosis and a history of homelessness are additional risk factors for 
drug-resistant tuberculosis. A specialist in infectious disease should be consulted to assist in management of all 
children suspected of having tuberculosis disease.

Duration of therapy depends on whether the disease is pulmonary or extrapulmonary. Pulmonary disease 
is typically treated with an intensive short-course therapy for 6 months. If only hilar adenopathy is present, a 
9-month regimen with two drugs (isoniazid and rifampin) is acceptable. Treatment of extrapulmonary tubercu-
losis continues for 9 to 12 months.

 TABLE 9-32

Drugs Commonly Used for Treatment of Childhood Tuberculosisa

Name Dose Side Eff ects

Isoniazid (INH) 10–15 mg/kg/day 
(max 300 mg q day)

Elevated transaminases, hepatitis, periph-
eral neuritis, rash, nausea/diarrhea

Rifampin (RIF) 10–20 mg/kg/day 
(max 600 mg q day)

Orange urine and secretions, hepatitis, 
decreased platelets, vomiting

Pyrazinamide (PZA) 30–40 mg/kg/day 
(max 2 g q day)

Hepatotoxic, hyperuricemia

Streptomycin (SM) 20–40 mg/kg/day IM 
(max 1 g q day)

Nephrotoxic, rash, vestibular toxicity

Ethambutol (EMB) 20 mg/kg/day 
(max 2.5 g q day)

Optic neuritis, decreased red/green color 
discrimination, nausea/diarrhea, rash

Treatment Regimens for Drug-Susceptible Tuberculosisb

Pulmonary tuberculosis/Cervical lymphadenopathy

  Th ree to four drugs (INH/RIF/PZA plus consider SM or EMB) for 2 months, then INH/RIFc for 
4 months (total duration of therapy is 6 months)

  For hilar adenopathy only: (INH/RIF) [total duration of therapy � 6 months]

  Meningitis/Miliary Disease/Bone or Joint Disease

  Four drugs (INH/RIF/PZA plus SM or EMB) for 2 months, then INH/RIF for 7–10 months (total 
duration of therapy is 9–12 months)

a Directly observed therapy (DOT) is recommended for treatment of tuberculosis in the United States.
b If infection with drug-resistant M. tuberculosis is a concern, initial therapy with four drugs is given pending susceptibility testing 

of the organism.
c After the initial 2 months of therapy, twice weekly therapy may be appropriate. Th e dose of drug may be altered if twice weekly 

dosing is used; refer to recommendations in the AAP: “Report of the Committee on Infectious Diseases” (“Red Book”).
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Isoniazid (for drug susceptible M. tuberculosis) is indicated for children with a positive TST and no 
clinical or chest radiographic evidence of disease. Treatment with one drug is adequate because of the small 
number of tubercle bacilli present. For most infants and children, isoniazid therapy for 9 months prevents 
subsequent disease.

Children exposed to an infected household member must have a TST placed. If the TST is negative, isoni-
azid is indicated for 3 months until a repeat TST is placed. Isoniazid is discontinued if the second TST remains 
negative. If the initial TST is positive, it is necessary to perform a complete physical examination and obtain a 
chest radiograph to look for evidence of disease.

Th e only vaccine currently available for prevention of tuberculosis is bacille Calmette-Guérin (BCG) vac-
cine, which is prepared from live attenuated strains of M. bovis. Th e vaccine is given worldwide to infants to 
protect them from miliary or CNS tuberculosis; it has an estimated effi  cacy of 80%. BCG vaccine is less eff ective 
in the prevention of pulmonary tuberculosis. Use of BCG in the United States is not recommended, except in 
specifi c circumstances in which infants are at high risk for unavoidable exposure. Children who have received 
BCG immunization have a characteristic scar at the injection site, and their TST is often positive. It is not pos-
sible to distinguish positivity caused by BCG vaccination from true infection with M. tuberculosis in very young 
children with a positive TST and in whom an IGRA results may not be reliable. For that reason, it is necessary 
to evaluate all children with a positive TST for presence of disease using chest radiography and consider isoni-
azid prophylaxis.

LYME DISEASE
Th e cause of Lyme disease is infection with the spirochete Borrelia burgdorferi, which is carried by the disease-
transmitting ticks Ixodes scapularis (deer tick) in the eastern United States and Ixodes pacifi cus (western black-
legged tick) in the western United States. Over 90% of reported cases of Lyme disease occur in 13 states along 
the mid-Atlantic seaboard and the upper north-central region of the United States.

Principal risk factors for acquiring disease are residence in areas overgrown with tick-infested brush as well 
as occupational or recreational exposure. Th e estimated risk of B. burgdorferi infection after a tick bite in highly 
endemic areas is 1.4%.

Transmission
Ixodid ticks, which undergo three stages of development (larva, nymph, adult) in a 2-year period, become infected 
after feeding on small mammals such as the white-footed mouse. Ticks in all stages are capable of causing infec-
tion; however, nymphs are most likely to infect humans because they are present in relatively large numbers; are 
small in size, which allows them to escape detection; and have peak feeding activity coinciding with increased 
human outdoor activity (spring/summer). Transmission of B. burgdorferi requires prolonged tick attachment (over 
36 to 48 hours). Coinfection with human granulocytic anaplasmosis or babesiosis may occur in same cases.

Clinical and Laboratory Evaluation
History and Physical Examination

Clinical manifestations of Lyme disease are divided into three stages: early localized, early disseminated, and 
late disease (Table 9-33). Th e hallmark of early localized disease is a rash called erythema chronicum migrans 
(ECM). Th e rash begins as a papule that increases in size over days to weeks to form a large lesion (greater than 
5 cm in diameter), usually with some central clearing. Approximately 60% to 80% of infected individuals have 
ECM. Constitutional symptoms such as fever, headache, malaise, and lymphadenopathy are sometimes present 
during the fi rst stage.

Symptoms in the second stage occur as a result of dissemination of the spirochete to multiple organs. Con-
stitutional symptoms, including arthralgia, may persist or recur. Signs and symptoms of meningitis, cranial nerve 
abnormalities (especially cranial nerve VII), and, rarely, pseudotumor cerebri may be present. Cardiac abnormali-
ties, including varying degrees of heart block, myopericarditis, and left ventricular failure, occur in 10% of cases.

Pauciarticular arthritis aff ecting large joints is the most common sign of late disease. Chronic arthritis is 
more likely among patients with human leukocyte antigen (HLA) types DR-2, DR-3, or DR-4. Late complica-
tions of CNS disease are rare in children but include encephalopathy and polyradiculoneuropathy (infl amma-
tion of multiple nerves) in adults.
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Laboratory Evaluation

It is possible to diagnose Lyme disease clinically if a rash typical of ECM is present. Serologic tests are used as 
an adjunct to clinical fi ndings. Testing for antibodies should take place in a reliable reference laboratory. Initial 
testing should include a reliable enzyme immunoassay (EIA) or immunofl uorescent assay (IFA) test. Western 
immunoblotting is used to confi rm positive or equivocal test results. Serology is not recommended for children 
with only nonspecifi c symptoms (e.g., fatigue); false-positive results are likely. In addition, such testing is not 
advisable after tick removal in asymptomatic children.

Management
Treatment of childhood Lyme disease depends on disease stage, nature of symptoms, and extent of organ system 
involvement. Children who receive appropriate therapy are unlikely to develop late complications. Antibiotics 
used include amoxicillin, doxycycline, penicillin, and ceftriaxone.

Prevention of Lyme disease and other tick-transmitted infections involves avoiding exposure to tick-in-
fested areas. If this not possible, clothing that covers arms and legs should be worn, with pants tucked into socks. 
Clothing, not skin, may be sprayed with permethrin. Diethyltoluamide-containing insect repellent is eff ective 
when applied to skin, avoiding the face, hands, and abraded areas. It is essential to inspect children daily after 
possible tick exposure, with particular attention to the head and neck.

FEVER OF UNKNOWN ORIGIN
Th e diagnosis of fever of unknown origin (FUO) is made when a child presents with a history of fever (higher 
than or equal to 38.3° C) [100.9° F] for 2 weeks or more. Fever without localizing signs for less than 1 week 
usually results from a self-limited viral infection. Th e etiology of FUO is variable. Infections are the most com-
mon cause in children (30% to 40%), with autoimmune disease (7% to 10%), malignancy (2% to 5%), and other 
(e.g., factitious fever, drug fever, sarcoid, Kawasaki disease) causes in 2% of cases. Th e cause is never determined 
in nearly 50% of cases. In most of these, fever resolves spontaneously with no long-term sequelae. Causes may be 
infectious or noninfectious (Table 9-34).

 TABLE 9-33

Clinical Manifestations of Lyme Disease

Symptoms

Stage of 

Disease

Time after 

Tick Bite Skin Constitutional

Musculo-

skeletal CNS Heart

Early 
localized

3 days–
4 weeks

ECM Fever, malaise, 
headache, lymph-
adenopathy

Myalgia/
arthralgia

Early dis-
seminated

3–10 weeks Multiple
ECM

Fever, malaise, 
headache, lymph-
adenopathy

Arthralgia Cranial nerve 
palsies
Meningitis
Pseudotumor 
cerebri

Carditis

Late 2–12 
months

Fatigue Recurrent 
arthritis

Subacute en-
cephalopathy
Polyradicu-
loneuropathy

CNS, central nervous system; ECM, erythema chronicum migrans.
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Clinical and Laboratory Evaluation
History

Th e diagnosis of FUO is often made by obtaining a thorough history. Important aspects of the history include 
questions regarding present and past medical history, a complete review of systems, family history of recurrent 
illness or infection, social history, medications, immunizations, allergies, travel, and animal, insect, and food 
exposure. Several animal and vector-borne infections may be the cause of the FUO (Tables 9-35 and 9-36). 
Changes in social behavior and school attendance should be noted.

Physical Examination

Pediatric Pearl: The cause of FUO often becomes apparent as symptoms of disease and 
signs on physical examination evolve over several days.
Pe
sig

First, it is necessary to document the existence of fever either in the physician’s offi  ce or at home, where 
a parent keeps a daily temperature record. Th e clinician should educate parents about the proper way to take a 
temperature. Sometimes hospitalization is necessary to document presence of fever. Second, it is important to 
note the child’s general well-being. Weight loss and poor growth are signs of the existence of a signifi cant medi-
cal problem. Th ird, a complete physical examination is necessary. Th e clinician should repeat it until the cause of 
the FUO becomes apparent or the fever resolves.

 TABLE 9-34

Infectious and Noninfectious Causes of Fever of Unknown Origin

Infectious Diseases Noninfectious Diseases

Endocarditis Juvenile idiopathic arthritis

Liver abscess Systemic lupus erythematosus

Pyelonephritis Kawasaki disease

Sinusitis Malignancy

Pelvic abscess Familial Mediterranean fever

Salmonella spp. Infl ammatory bowel disease

Brucella spp. Drug fever

Mycobacterium tuberculosis Factitious fever

Bartonella henselae (catscratch disease) Sarcoidosis

Coxiella burnetii (Q fever)

Rickettsia rickettsii

Epstein–Barr virus (infectious mononucleosis)

Cytomegalovirus

Malaria

Toxoplasmosis
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 TABLE 9-35

Insect Vectors of Infectious Diseases

Organism Vector Clinical Syndrome Diagnosis

Bacteria

 Spirochetes

  Borrelia 

burgdorferi

Tick Lyme disease Screening enzyme immunoassay
Confi rmatory Western blot

 Borrelia hermsii Tick Relapsing fever Visualization of spirochete on 
Wright-, Giemsa-, or acridine 
orange–stained blood smear
Serum antibody test

  Gram-negative 
bacteria

  Francisella 

tularensis

Tick, deerfl y, 
horsefl y

Tularemia Serology
Fluorescent antibody on infected 
material
Culturea

 Yersinia pestis Flea Plague Serology
Culturea

 Rickettsia

  Rickettsia 

rickettsii

Tick Rocky Mountain spotted 
fever

Serology, PCR, immunofl uorescent 
stain of skin biopsy

  Other intracel-
lular bacteria

  Ehrlichia 

chaff eensis

Tick Monocytic ehrlichiosis Serology
PCR
Detection of intraleukocytic morulae 
(less sensitive)

  Anaplasma 

phagocytophilum

Tick Granulocytic 
anaplasmosis

Serology
PCR 
Detection of intraleukocytic morulae 
(less sensitive)

Viruses

 Coltivirus Tick Colorado tick fever Serology
Viral isolation from blood

    Arboviruses Mosquito Encephalitisb Serology

Protozoa

 Babesia microti Tick Babesiosis Visualization of organism on 
 Giemsa- or Wright-stained smear

 Plasmodium spp. Mosquito Malaria Th ick and thin blood smears
PCR

a Notifi y laboratory that tularemia or plague is suspected so precautions can be taken to avoid infection of laboratory personnel.
b  Eastern equine encephalitis, Western equine encephalitis, St. Louis encephalitis, California encephalitis, West Nile Virus encephalitis.

PCR, polymerase chain reaction.
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 TABLE 9-36

Infectious Diseases Associated with Pet Exposure
Animal Organism Disease Clinical Manifestations

Cats Bartonella henselae Catscratch fever Fever

Lymphadenitis

Microabscesses in liver and spleen

Bone infection

Toxoplasma gondii Toxoplasmosis Asymptomatic

Mononucleosis-like syndrome

Congenital toxoplasmosis

Reptiles Salmonella spp. Salmonellosis Diarrhea

Bacteremia

Local infection (e.g., bone, joint)

Birds Chlamydophila 

psittaci

Psittacosis Interstitial pneumonia

Dogs Toxocara canis

Bordetella 

bronchiseptica

Visceral larval migrans 
(immunocompromised)

Lung, liver, eye infection
Pneumonia, septicemia, sinusitis

Leptospira spp. Leptospirosis Infl uenza-like illness or jaundice

Microsporum canis Tinea capitis/tinea 
corporis

Superfi cial infection of skin or hair 
shaft

Rats Streptobacillus 

moniliformis

Rat-bite fever Fever, arthritis, arthralgia, rash, 
endocarditis

Findings on physical examination may be subtle but may guide the diagnostic evaluation. For example, 
joint pain or swelling suggests infectious or reactive arthritis, collagen vascular disease, or malignancy. A heart 
murmur leads to the consideration of bacterial endocarditis or acute rheumatic fever. Palpation of a spleen tip 
is consistent with EB virus infection, endocarditis, or malignancy. A good neurologic examination can reveal 
abnormalities consistent with a CNS malignancy or brain abscess. Rectal examination may point to a previ-
ously unsuspected perirectal abscess or ruptured appendiceal abscess. Findings of eczema or seborrhea suggest 
immune defi ciency or histiocytosis. Careful palpation of bony structures may reveal tenderness consistent with 
infection or malignancy. Th e presence of adenopathy, rash, conjunctivits, erythema and cracking of the lips, 
strawberry tongue, erythema and edema of the hands and feet, and less commonly symptoms of aseptic menin-
gitis or GI symptoms suggests Kawasaki disease (see Chapter 14).

Laboratory Evaluation

Th e tempo of the diagnostic evaluation for FUO matches the clinical appearance of the child. A child who ap-
pears well or mildly ill may benefi t from a limited initial evaluation and observation. Th e ill-appearing child with 
progressive worsening of symptoms may require hospitalization and multiple diagnostic tests.

Tests ordered are based on fi ndings from the history and physical examination. Useful screening labora-
tory tests include a CBC, ESR, CRP, urinalysis and culture, and serum chemistries, including liver function 
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studies. An elevated platelet count, although present in many infections, may be an indication of Kawasaki 
disease. Chest radiography is useful for showing changes consistent with acute or chronic pulmonary disease, 
hilar lymphadenopathy, or abnormal heart size or shape. Abdominal ultrasound may reveal an intra-abdominal 
tumor, appendiceal abscess, liver abscess, or liver and spleen lesions consistent with catscratch disease or abnor-
malities of the kidneys. Further outpatient evaluation may include a TST, Monospot, and serology for EB virus, 
serology for B. henselae, an HIV antibody test or HIV DNA or RNA PCR, blood culture, stool for bacterial 
culture and ova and parasites, serum for antinuclear antibody and rheumatoid factor, or thick and thin blood 
smears if the travel history is suggestive for malaria.

Diagnostic tests considered include lumbar puncture, CT of the sinuses, repeat blood cultures, echocardio-
gram, ophthalmologic examination, and bone marrow aspiration. Serologic tests for unusual infections are help-
ful only if acute and convalescent serum is obtained or if IgM for a specifi c infectious agent is positive. Nuclear 
medicine scans are not usually diagnostic unless a probable focus of infection has been identifi ed by history or 
physical examination.

Management
Empiric oral or parenteral antibiotic therapy is not used in nonimmunocompromised children with FUO unless 
patients have a strong likelihood of bacterial infection or appear very ill. In these circumstances, it is reasonable 
to begin broad-spectrum antibiotic therapy but only after appropriate cultures have been performed. A trial of 
nonsteroidal anti-infl ammatory drugs (NSAIDs) is recommended if juvenile idiopathic arthritis is likely. Em-
piric use of steroids is never appropriate.

If fever persists and the outpatient evaluation is not diagnostic, hospitalization is recommended. Observa-
tion should document the presence and pattern of fever and any changes in physical fi ndings. Further diagnostic 
workup may include evaluation by specialists in infectious disease, rheumatology, or hematology/oncology.
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PERINATAL AND NEONATAL ASSESSMENT

General Considerations
Neonatology is the subspecialty of pediatrics concerned with sick newborns, and neonatologists strive to un-
derstand how fetal development and pathology lead to illness in infants at birth. Perinatology is the area of 
obstetrics concerned with pregnant women and their fetuses, and perinatologists care about the well-being of 
infants after birth. Use of a common terminology by all practitioners concerned with the care of young infants 
facilitates eff ective evaluation and understanding of high-risk fetuses and newborn infants. Gestational age is 
the number of weeks of a pregnancy from the fi rst day of the mother’s last menstrual period to the date of birth. 
Prematurity is birth before 37 weeks’ gestation; postmaturity is any birth after 42 weeks’ gestation. Th e neonatal 
period is 0 to 28 days after birth.

Pregnancies may be classifi ed as high risk on the basis of two groups of factors: underlying maternal condi-
tions and fetal or obstetric complications.

• Maternal conditions: extremes of age; extremes of weight or weight gain; medical disorders, especially 
diabetes mellitus, hypertension, and congenital heart disease (CHD); use of tobacco, illicit drugs, and ex-
cessive alcohol; multiple gestation; history of multiple fetal losses; and delay or avoidance of obstetric care

• Fetal or obstetric conditions: premature labor, prolonged rupture of chorionic membranes (over 
24 hours), intrauterine growth retardation (IUGR), polyhydramnios (excessive amniotic fl uid) or oli-
gohydramnios (decreased amniotic fl uid), abnormal fetal position, maternal vaginal bleeding, infection 
(e.g., chorioamnionitis), and meconium staining of amniotic fl uid

Antepartum Testing
Several methods are used to assess fetal health. Clinical markers of fetal well-being include fundal height and 
fetal movement. Other antepartum tests are also available (Table 10-1).

Neonatal Evaluation and Resuscitation
High-risk infants sometimes need assistance in making the transition from fetal to neonatal physiology at the 
time of delivery. Whenever possible, high-risk deliveries should occur in an environment in which the necessary 
equipment and appropriately trained personnel are readily available if resuscitation becomes necessary. Prepara-
tion is crucial for successful neonatal resuscitation, and communication between the neonatal care team and 
their colleagues in obstetrics is often the fi rst step in this preparation.

Th e Apgar scoring system ensures proper evaluation of neonates at the time of delivery (see Table 1-1). 
Scores are obtained at 1 and 5 minutes after birth. If the score at 5 minutes is less than 7, scores are obtained 
every 5 minutes thereafter (for 20 minutes after birth) until two scores of greater than 7 are obtained. Skin 
color (including perfusion) is usually the fi rst factor to be reduced in depressed neonates, followed by respira-
tions, tone, refl exes, and pulse. 
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Th e Apgar score provides a guideline for the magnitude and duration of cardiopulmonary resus-
citation (CPR), if necessary. However, it was not designed to predict neurologic outcome. In fact, most 
 children with abnormal neurologic development have a “good” 5-minute Apgar score of greater than 7, 
and most children with a 5-minute score of less than 7 have normal neurologic outcomes. On the con-
trary, prolonged depression of Apgar scores (less than 4 over 10 minutes) does indicate high risk (greater 
than 50%) for death or abnormal neurologic development. Additional markers of potential illness at birth 
include prematurity and extremes of size—whether small-for-gestational age (SGA) or large-for-gesta-
tional age (LGA).

Initiation of neonatal resuscitation begins with the ABCs of CPR: airway, breathing, and circulation.
Airway management may be initiated by proper head positioning and bag-mask ventilation. Mask or nasal 
continuous positive airway pressure (NCPAP) may be used in premature infants to stabilize the lung’s func-
tional residual capacity and to help overcome the physiologic impairments associated with lung immaturity. If 
additional oxygenation and ventilation are required, endotracheal intubation may be necessary. If meconium 
staining of the amniotic fl uid is present and the infant is nonvigorous at birth, suctioning via an endotracheal 
tube is used to help clear the airways and prevent meconium aspiration syndrome (MAS). However, intubation 
should be reserved only for patients requiring this as part of the usual ABCs. Intubation is not indicated solely 
for the purpose of diagnosing or treating meconium in the airwary. Rescue breathing for neonates requires 30 to 
60 breaths/min with adequate pressure, which is demonstrated by good air entry on auscultation or by adequate 
chest excursion. Circulation is assessed by auscultation of heart rate and/or palpation of the pulse at the brachial 
artery, in the axilla, or even at the umbilical stump.

In addition to these ABCs, newborns have several unique resuscitation needs. Th ey often need stimulation,
which induces sympathoadrenal-mediated increases in respiratory and cardiac performance; suctioning, which 
removes amniotic fl uid from the nasal and oral pharynx; and drying and warming, which reduce the oxygen re-
quirements for maintenance of thermoneutrality. Umbilical vessel cannulation can provide: (1) arterial access for 
blood pressure monitoring and arterial blood gas (ABG) sampling, and (2) venous access for cardiopressor drip 
administration and estimation of central venous pressure. Noninvasive oxygen saturation monitoring should be 
used in the delivery room to guide the titration of oxygen therapy.

 TABLE 10-1

Antepartum Tests Used to Assess Fetal Health

Test Use

Ultrasound studies Fetal growth, anatomy, and physiologic function; 
the latter is scored as part of a biophysical profi le 
that includes fetal tone, movement, breathing, 
heart rate, and amniotic fl uid volume; Doppler 
studies of cord blood fl ow

Amniocentesis (sampling of amniotic fl uid) Detection of chromosomal abnormalities; estimate 
of lung maturity

Chorionic villus sampling (fi rst trimester) Earlier screening for chromosomal or other 
genetic/metabolic analysis

Percutaneous umbilical blood sampling 
(ultrasound-guided)

Both diagnostic and therapeutic interventions 
(e.g., hematocrit measurement, fetal transfusion)

Fetal heart rate monitoring, either at time of 
 delivery or during later part of third trimester:
• In absence of contractions (nonstress test) OR
• With induction of contractions by oxytocin 

(stress test)

Fetal well-being

Fetal scalp blood sampling Measurement of blood gases; determines acidosis 
during labor
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Neonates who are considered ill and in need of further evaluation and therapy should be transferred to a neonatal 
intensive care unit (NICU). Management of ill newborns includes knowledge of resources available at the treating facil-
ity. In the United States, virtually all nurseries participate in a hierarchical referral and education network. Level 1 nurser-
ies provide basic neonatal care, which may include parenteral antibiotics. Level 2 nurseries off er more intensive care such 
as gavage feeds and ventilatory assistance of limited form or duration. Level 3 nurseries provide the broadest range of 
neonatal care, including consultation from pediatric subspecialists, advanced respiratory support, and neonatal surgery.

FLUIDS, ELECTROLYTES, AND NUTRITION

Pathophysiology
Th e maintenance of normal fl uid and electrolyte balance may have a positive eff ect on the outcome of many 
underlying disease processes. Th e problems involved in establishing proper fl uid and electrolyte administration 
are commonly encountered in the neonatal period.

Several signifi cant developmental diff erences in physiology must be taken into account when considering 
fl uid and electrolyte management in the neonatal period. Total body water is 85% of birth weight in the third 
trimester and decreases to 78% at term, compared with 65% in older children; more than 50% of the water in 
term infants is extracellular (Figure 10-1). With growth, there are signifi cant alterations in the balance between 
extracellular fl uid (ECF) and intracellular fl uid. During the fi rst 7 to 10 days of life, most infants experience a 
physiologic 5% to 12% reduction in body weight due to loss of body water, primarily ECF. Th is reduction in ECF 
is accompanied by a maturation of renal function. If fl uid or electrolyte loading occurs in the fi rst week of life, the 
ECF compartment may remain expanded, which may result in pulmonary edema or symptomatic left-to-right 
shunting through a patent ductus arteriosus (PDA).

Th e initial goal of fl uid and electrolyte therapy is the maintenance of zero balance for fl uids and electro-
lytes, assuming no preexisting defi cits or excesses. Th e formulation of a reasonable management plan for intake 
of fl uids and electrolytes requires an adequate determination of output in neonates. Th e four normal sources 
of fl uid loss are insensible water loss (IWL), urine output, sweat, and fecal water loss. IWL, the loss of water 
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FIGURE 10-1. Changes in body fl uid during fetal and neonatal life. From OH W: 
Fluid and electrolyte management. In Neonatology: Pathophysiology and Management 
of the Newborn. Edited by Avery GB. Philadelphia, JB Lippincott, 1987, p 776.
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through the lungs during respiration and through the skin from evaporation, is greatest in infants of low birth 
weight and low gestational age because of increased skin permeability, larger body surface area per unit weight, 
and greater skin blood fl ow relative to metabolic rate. Other factors that aff ect IWL are respiratory distress, 
activity level, and environmental factors (e.g., open radiant warmers, phototherapy).

In neonates, who can maximally dilute their urine only to 50 mOsm/L and can concentrate it only to 800 
mOsm/L, the intake of water and solutes primarily determines urine volume and osmolality. Sweat losses are 
almost nonexistent and fecal losses are low in newborns, which makes IWL and urine output the major sources 
of water loss, except for pathologic losses. Controlling the neonatal environment, including the use of radiant 
warmers, incubators, and ambient humiditiy, can help limit IWL.

Clinical and Laboratory Evaluation
History

Important historical factors include birth weight and gestational age, disease (e.g., respiratory distress, con-
gestive heart failure, hyperbilirubinemia, meningitis, renal failure, gastroschisis), medications (e.g., furosemide, 
theophylline, indomethacin), fl uid and solute therapy, and environmental infl uences (e.g., phototherapy, open 
radiant warmers).

Physical Examination

Important physical signs of hydration status include weight increase or decrease and skin turgor. Edema is a sign 
of overhydration, whereas a sunken fontanelle and loose skin indicate dehydration.

Laboratory Evaluation

Th e rate of weight gain should be checked regularly and related to a gestational-age normalized growth curve. 
In addition, electrolyte levels, urine output, and urine specifi c gravity should be assessed regularly. Normal urine 
output should average 1 to 3 mL/kg/h. Hypernatremia, a sign of dehydration, is not infrequent in infants who 
weigh less than 1,000 g because of their high skin permeability and increased IWL. Hyponatremia in the fi rst 
few days of life more often refl ects free water excess rather than inadequate sodium intake. 

Differential Diagnosis
Th e diff erential diagnosis of fl uid and electrolyte abnormalities should always include iatrogenic problems (in-
appropriate fl uid or electrolyte therapy or medication side eff ect). Depending on the specifi c electrolyte im-
balance, other diagnoses may be entertained, such as hyponatremia (syndrome of inappropriate secretion of 
antidiuretic hormone [SIADH], heart failure, hyperglycemia), hyperkalemia (congenital adrenal hyperplasia), 
hypochloremia (Bartter syndrome, cystic fi brosis), and hyperchloremia (dehydration).

Management
Th e goal of therapy is to restore fl uid and electrolyte losses and to maintain a normal balance by calculating an 
appropriate maintenance intake. General treatment principles are similar to those used in older children (see 
Chapter 4). Decisions regarding fl uid and electrolyte therapy should be made with the specifi c disease state in 
mind (e.g., the need for fl uid restriction in heart failure or SIADH).

A weight loss of 5% to 12% is expected in the fi rst week after birth and, if not present, suggests probable 
fl uid overload. Fluid management is often more complex in infants who weigh less than 1,000 g at birth; weight 
measurements and serum electrolyte levels usually need to be obtained frequently during the fi rst few days of 
life. Th ese small, premature infants may have hypernatremic dehydration as the result of inadequate fl uid admin-
istration or a symptomatic ductus arteriosus due to fl uid overload.

Enteral feedings are usually attempted in newborns as soon as feasible. Maternal breast milk is the best 
choice for infants of all gestational ages; additional supplements provide needed increased calories, electrolytes, 
and minerals for premature infants. If breast milk is unavailable or contraindicated, special formulas designed 
for premature infants are generally appropriate for newborns who weigh less than 1,800 g; these formulas pro-
vide higher levels of calories, protein, and minerals. Donor milk banks are also available to provide pasteurized, 
voluntarily donated human milk for use in premature infants, generally those less than 1,500 g.

Newborns less than 34 weeks’ gestational age lack a well-developed suck-and-swallow refl ex, thereby ne-
cessitating gavage feedings. Newborns who weigh less than 1,000 g may require gavage feedings as often as 
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every 2 hours or by continuous nasogastric drip. Feeding volumes are generally advanced slowly to avoid feeding 
intolerance and necrotizing enterocolitis (NEC) (see Necrotizing Enterocolitis). Th e fi nal goal is approximately 
120 kcal/kg/day in premature infants and 100 kcal/kg/day in full-term infants.

Infants who do not tolerate optimal nutrition via enteral feedings within several days require hy-
peralimentation. A gradual daily increase in intravenous dextrose concentration of 1 to 2 mg/kg/min is 
necessary. Infants who weigh less than 1,000 g may not tolerate glucose in excess of 6 mg/kg/min, whereas 
full-term infants usually tolerate 8 to 10 mg/kg/min without developing hyperglycemia. Th e goal is to ad-
vance intravenous caloric intake to a level suffi  cient for growth (80 to 100 kcal/kg/day) to match intrauterine 
growth at a comparable gestational age. It is important to provide adequate protein intake early, especially 
in premature infants less than 1,500 g at birth, in order to prevent protein catabolism and a defi cit. Th e goal 
is generally to achieve 3 to 4 mg/kg/day of amino acids as soon as possible in order to match intrauterine 
protein infl ux.

RESPIRATORY DISORDERS

RESPIRATORY DISTRESS SYNDROME

Pathophysiology
During fetal development, the lungs pass through a pseudoglandular stage (7 to 17 weeks) and canalicular 
stage (16 to 25 weeks) and, at about 25 weeks’ gestation, enter the terminal sac stage that lasts until term. 
 Alveolarization occurs mostly postnatally, with some alveoli present beginning at 28 weeks. During alveolariz-
tion, two major processes take place. First, pulmonary capillaries grow in closer approximation to the epithelium 
and a much larger gas-exchange surface is created. Second, the epithelial cells diff erentiate into type I and type 
II cells. It is the type II cells that produce surfactant. One of the major problems in infants with respiratory 
distress syndrome (RDS) (hyaline membrane disease) is surfactant defi ciency, which markedly decreases lung 
compliance. Diff use atelectasis results, accompanied by severe ventilation–perfusion (V

.
 & Q) mismatch and 

increased work of breathing. Despite advances in understanding the pathophysiology of RDS, specifi cally the 
role of surfactant, RDS remains the problem that most frequently aff ects premature infants.

Clinical and Laboratory Evaluation
History

Th e prevalence of RDS is inversely correlated with gestational age. Cases of RDS are uncommon at 37 weeks’ 
gestation and beyond, whereas more than 70% of infants between 28 and 30 weeks’ gestation have RDS. Th e 
critical risk factor is the stage of lung maturity at delivery, not the precise gestational age. Among the numerous 
factors that may delay lung maturity are maternal diabetes, male sex, second born of twins, and Caucasian race. 
Several conditions may accelerate lung maturity such as IUGR, severe pregnancy-induced hypertension, and 
maternal glucocorticoid administration.

Physical Examination

Within 6 hours of birth, infants with RDS typically exhibit the following clinical signs: tachypnea, retrac-
tions, nasal fl aring, grunting, and cyanosis. Th e prominent retractions result from the compliant rib cage in 
newborns and the generation of high intrathoracic pressures that are needed to expand the poorly com-
pliant lungs. Th e typical expiratory grunt, an early feature, is thought to result from partial closure of the 
glottis  during expiration in an attempt to trap air and maintain functional residual capacity. Infants who 
weigh less than 1,000 g at birth may exhibit fewer of these signs if they are intubated immediately in the 
 delivery room.

Pediatric Pearl: Visual inspection of the abdomen is necessary in infants with signifi cant 
respiratory distress after birth. If the abdomen is scaphoid, the diagnosis is most likely con-
genital diaphragmatic hernia.

Pe
res
ge
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Laboratory Evaluation

Th e classic fi ndings of RDS on chest radiograph are low-
volume lungs with a reticulogranular (“ground glass”) 
pattern and air bronchograms (Figure 10-2). It is impor-
tant to note that RDS cannot be reliably diff erentiated 
from neonatal pneumonia by radiographic studies alone.

Differential Diagnosis
Th e diff erential diagnosis of respiratory distress in the 
newborn period includes pneumonia and transient tac-
hypnea of the newborn (TTN); for a complete diff eren-
tial diagnosis of neonatal respiratory distress, see Table 
10-2. Th e lungs are the most common site of infection in 
neonates; infection may be acquired during the prenatal 
period, at the time of birth, or early in the neonatal period. 
In neonatal pneumonia, chest radiographs may vary in ap-
pearance; unilateral infi ltrates or a diff use pattern with air 
bronchograms may be seen. Furthermore, infection can 
lead to premature birth, and there can be both pneumo-
nia/sepsis and RDS simultaneously. Th e diffi  culty in dif-
ferentiating neonatal pneumonia from RDS has led to the 
frequent use of antibiotics in infants with RDS.

TTN, which tends to occur in term infants, is the de-
layed reabsorption of fetal lung fl uid. It occurs more com-
monly after a cesarean section because the infant’s thorax is 
not subjected to the same pressures as in a vaginal delivery. 
Th e symptoms, which usually last between 12 and 72 hours, consist of tachypnea, grunting, nasal fl aring, and 
cyanosis. Because TTN has many overlapping features with RDS and pneumonia, it often presents a diagnostic 
dilemma. Chest radiography may be helpful diagnostically because fi lms in TTN can show prominent perihilar 
streaking and fl uid in the interlobar fi ssures (Figure 10-3).

Management
Th e central goal of management of RDS is the maintenance of adequate gas exchange to allow for normal tissue 
function and avoidance of the consequences of hypoxemia and hypercapnia. Routinely used therapies include 
the following:

• Oxygen supplementation with monitoring of blood gases
• CPAP
• Mechanical ventilation
• Exogenous surfactant replacement

Treatment must be provided in such a way as to minimize potential adverse consequences such as pneu-
mothorax, pneumomediastinum, pulmonary interstitial emphysema (PIE), and lung injury with subsequent 
development of chronic lung disease (CLD).

MECONIUM ASPIRATION SYNDROME

Pathophysiology
MAS is characterized by staining of the amniotic fl uid with meconium in association with respiratory distress. 
Meconium staining complicates 8% to 20% of all deliveries but is seen in up to 44% of postdates or other 
 high-risk pregnancies. A leading theory of MAS contends that acute and chronic fetal distress lead to meco-
nium passage in utero and then gasping by the fetus or newborn results in aspiration of meconium-stained am-
niotic fl uid into the airway. Th e exact relationship between meconium staining and fetal distress is still unclear.

Th e pulmonary problems seen in MAS result from a mixture of complete and partial airway obstruc-
tion by the meconium. Th e completely obstructed areas become atelectatic, whereas the partially obstructed 

FIGURE 10-2. Chest radiograph of an infant with 
respiratory distress syndrome. Courtesy of Richard 
Barth, M.D., Division of Pediatric Radiology, Stanford 
University.
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 TABLE 10-2

Neonatal Respiratory Distress

Airway/Pulmonary Anomalies

 Nasal/nasopharyngeal Choanal atresia

 Oral Macroglossia (Beckwith–Wiedemann syndrome)
Micrognathia (Pierre Robin syndrome)

 Neck Congenital goiter
Cystic hygroma

 Larynx Laryngomalacia
Subglottic stenosis
Vocal cord paralysis
Laryngeal web

 Trachea Vascular ring
Tracheoesophageal fi stula
Bronchial stenosis/atresia
Tracheomalacia
Tracheal stenosis/agenesis

 Lungs Pulmonary hypoplasia
Congenital diaphragmatic hernia
Congenital lobar emphysema
Pulmonary sequestration
Pulmonary lymphangiectasia

Lung Disease

  Acute Respiratory distress syndrome
Transient tachypnea of the newborn
Pneumonia
Aspiration syndromes (e.g., meconium, blood, amniotic fl uid)

 Chronic Bronchopulmonary dysplasia
Wilson–Mikity syndrome

 Complications Atelectasis
Air leak syndrome (e.g., pneumothorax, pneumomediastinum, pneu-
mopericardium, pneumoperitoneum)
Pulmonary interstitial emphysema
Pulmonary hemorrhage

Nonpulmonary Disease

 Persistent pulmonary hypertension of the newborn (PPHN)

 Metabolic abnormalities (e.g., acidosis, hypothermia)

 Congestive heart failure

 Central nervous system anomalies
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airways develop a ball-valve eff ect, leading to air trapping 
with overexpansion. Air leaks, including pneumothorax, 
pneumomediastinum, pneumopericardium, and pneu-
moperitoneum, are often complications of MAS. Th e 
presence of meconium in the lungs is also thought to 
 inactivate surfactant, further complicating the airway 
 obstruction with decreased lung compliance. Other 
possible complications include persistent pulmonary 
 hypertension of the newborn (PPHN) (see Persistent 
Pulmonary Hypertension of the Newborn), particularly 
in postdates  babies.

Clinical and Laboratory Evaluation
History

MAS is most common in infants with a history of post-
maturity, fetal distress, and/or meconium staining.

Physical Examination

Common features of MAS are meconium staining of the 
skin and nails, peeling skin, grunting, nasal fl aring, retrac-
tions, marked tachypnea, and varying degrees of cyanosis.

Laboratory Evaluation

A chest radiograph should be obtained. Coarse, fl uff y infi ltrates with alternating areas of lucency are commonly 
visible (Figure 10-4). Air leak phenomena, such as pneumothorax or pneumomediastinum, and hyperinfl ation 
with fl attening of the diaphragm are also frequently seen. ABGs identify hypoxemia and hypercarbia.

Differential Diagnosis
Conditions to be considered included blood or amniotic fl uid aspiration and pneumonia.

Management
Intubation and suctioning of the trachea after delivery is indicated if the infant is depressed. Despite suctioning, 
most cases of MAS may not be preventable because of in utero aspiration.

Infants with MAS are at risk for increasing re-
spiratory distress with hypoxemia and hypercarbia, 
which may also be further complicated by PPHN. Th e 
 following modes of therapy are used to treat infants 
with MAS:

• Chest physiotherapy and suctioning
• Transcutaneous oxygen saturation monitoring 

with use of supplemental oxygen to prevent hy-
poxemia and hypoxic pulmonary vasoconstric-
tion, which may result in PPHN

• ABG monitoring for prompt recognition and 
treatment of acidosis, hypoxemia, and hypercarbia

• CPAP or mechanical ventilation to maintain 
normal oxygenation and ventilation

• Sedation or neuromuscular paralysis for infants 
on high ventilator settings

• Routine administration of antibiotics due to pos-
sible secondary bacterial pneumonia

• Exogenous surfactant administration

FIGURE 10-4. Chest radiograph of an infant with 
meconium aspiration syndrome. Courtesy of Richard 
Barth, M.D., Division of Pediatric Radiology, Stanford 
University.

FIGURE 10-3. Chest radiograph of an infant with 
transient tachypnea of the newborn. Courtesy of 
Richard Barth, M.D., Division of Pediatric Radiology, 
Stanford University.
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PERSISTENT PULMONARY HYPERTENSION OF THE NEWBORN

Pathophysiology
PPHN, also historically known as persistent fetal circulation, is the combination of pulmonary hypertension 
and right-to-left shunting of desaturated blood through fetal pathways (a patent foramen ovale [PFO] or a 
PDA) in a structurally normal heart. Th is pathologic process is due to a sustained elevation in pulmonary vas-
cular resistance (PVR) after birth. Normally, the PVR falls rapidly after birth with the fi rst breath. In contrast, 
the systemic vascular resistance (SVR) increases rapidly with cord clamping. Th ese events result in functional 
closure of the PFO and constriction of the PDA with separation of the pulmonary and systemic circulations 
(see Chapter 13). When PVR exceeds SVR, right-to-left shunting can occur at the PFO or PDA, resulting in 
systemic hypoxemia. Th e elevation in PVR may be idiopathic or secondary to MAS, congenital diaphragmatic 
hernia, hyperviscosity, sepsis, or other causes. Acute hypoxia and acidosis at birth may cause pulmonary vaso-
constriction and an elevation of pulmonary artery pressure.

A morphologic abnormality has also been identifi ed in many infants who die of PPHN. Key features are 
an increase in the thickness of the media of muscularized arteries and extension of smooth muscle distally into 
normally nonmuscularized intra-acinar arteries. Th is abnormality results in a decrease in the cross-sectional area 
of the pulmonary vascular bed and an increased resistance to pulmonary blood fl ow. Experts have speculated 
that chronic hypoxia in utero may cause these vascular changes.

Clinical and Laboratory Evaluation
History

Th e occurrence of any condition associated with the various secondary causes of PPHN (MAS, sepsis, con-
genital diaphragmatic hernia, RDS, hyperviscosity) is relevant to formation of a diagnosis. In utero exposure to 
prostaglandin synthetase inhibitors (aspirin, indomethacin) may cause premature constriction of the PDA and 
secondary PPHN.

Physical Examination

No pathognomonic fi ndings are encountered in infants with PPHN other than cyanosis, which may vary in severity.

Laboratory Evaluation

Preductal (right arm) and postductal (umbilical artery or leg) ABGs demonstrate a diff erence in PaO
2
 of more 

than 10 mm Hg when there is right-to-left ductal (PDA) shunting, but this diff erence is not present when 
shunting occurs only at the level of the PFO. Two-dimensional echocardiography with color fl ow Doppler can 
demonstrate the right-to-left shunting pattern and rule out any structural heart defects (Figure 10-5).

Differential Diagnosis
Pulmonary processes such as RDS, MAS, congenital diaphragmatic hernia, and pneumonia should be consid-
ered. Cyanotic CHD (see Chapter 13) should also be ruled out.

Management
Th e management of PPHN has changed dramatically with recent medical advances. Modes of treatment in-
clude the following:

• Prompt correction of hypoxia and acidosis (both potent pulmonary vasoconstrictors) to reverse pulmo-
nary vasospasm

• Supplemental oxygen administered by nasal cannula, hood, or NCPAP
• Intubation and mechanical ventilation if hypoxemia persists
• High-frequency ventilation (often used in term infants with PPHN)
• Volume expansion and/or administration of inotropic agents, such as dopamine, to ensure adequate car-

diac output and to raise systemic pressure to counteract right-to-left shunting

For infants who do not respond to these therapies, additional treatment may be necessary. Clinical trials have 
found that infants with PPHN benefi t from surfactant replacement therapy, probably because the initial lung 
injury has resulted in an inactivation of surfactant. Two large randomized clinical trials demonstrated the effi  cacy 
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of inhaled nitric oxide in term infants with hypoxic respiratory failure, and, in 1999, the Food and Drug Admin-
istration approved this agent for such use. If infants fail to improve with surfactant replacement and inhaled nitric 
oxide, extracorporeal membrane oxygenation, a modifi ed form of heart–lung bypass, continues to be successful in 
most cases. Intentional hyperventilation to induce marked respiratory alkalosis is no longer warranted, given the 
risk of lung injury as well as the strong association between this treatment and long-term hearing loss. 

BRONCHOPULMONARY DYSPLASIA
Premature infants are diagnosed with bronchopulmonary dysplasia (BPD) (also referred to as CLD) if they contin-
ue to require oxygen or positive pressure support at 36 weeks gestational age. Th e incidence of BPD or CLD, which 
varies among institutions, is approximately 20% to 40% in infants who weigh less than 1,500 g at birth. Although 
artifi cial surfactant has reduced the mortality associated with RDS, it has not decreased the incidence of BPD.

Pathophysiology
Th e pathogenesis of BPD involves multiple etiologic factors, such as immature alveoli, barotrauma resulting 
from prolonged mechanical ventilation, oxygen toxicity with oxygen radical formation, infection, chronic aspira-
tion caused by gastroesophageal refl ux, pulmonary edema resulting from volume overload, and PDA.

Clinical and Laboratory Evaluation
History

Infants commonly have a history that includes prematurity, prolonged mechanical ventilation, the need for high 
inspired oxygen concentration, infection, and/or PDA.

Physical Examination

Physical fi ndings include tachypnea, retractions, and failure to thrive.

Ductus
arteriosus

Foramen 
ovale

RA

LV

RV

LV

FIGURE 10-5. Right-to-left shunting patterns seen in infants with persistent pulmonary hyper-
tension of the newborn. A shunt at the patent foramen ovale or patent ductus arteriosus may be 
present. LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.
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Laboratory Evaluation

In BPD, ABGs commonly indicate mild-to-moderate 
hypoxemia and hypercarbia. Pulmonary function tests 
usually denote increased airway resistance and decreased 
dynamic lung compliance. Abnormalities apparent on 
chest radiography vary with the stage of BPD: stage I 
is indistinguishable from early RDS; stage II shows in-
creased  opacifi cation; stage III shows bubbly lucencies, 
streaky densities, and mild hyperinfl ation; and stage IV 
is a nonhomogeneous pattern of hyperinfl ation mixed 
with dense streaky areas of atelectasis and collapse 
( Figure 10-6). Th e severe forms of BPD have been seen 
less commonly in recent years, and a typical progression 
is no longer evident.

Differential Diagnosis
Diagnosis of BPD is made on the basis of clinical history 
and a typical radiographic appearance. Similar radiographic 
features can be seen with chronic pulmonary  insuffi  ciency 
of prematurity, Wilson–Mikity syndrome, PIE, CHD, and 
recurrent aspiration pneumonia (Figure 10-7).

Management
Just as the etiology of BPD is multifactorial, its treatment is multifaceted. Restriction of fl uid intake is necessary 
until respiratory status has stabilized, although it is important to provide the calories necessary for adequate 
growth. Growth problems are common in infants with BPD, and intensive nutritional support is critical. Once 
infants are extubated, supplemental oxygen keeps the PaO

2
 between 50 and 80 mm Hg during sleep, feeding, 

and other activities to avoid pulmonary hypertension and to provide adequate tissue oxygenation. Ventilator 
adjustments optimize blood gases and minimize the damaging eff ects of barotrauma and oxygen toxicity.

Pharmacologic management of BPD includes diuretics (e.g., furosemide or chlorothiazide and spironolac-
tone) to treat excessive interstitial lung fl uid; bronchodilators (e.g., nebulized albuterol) to reduce airway resistance; 
electrolyte supplements (e.g., sodium chloride, potassium chloride, ammonium chloride) to treat losses secondary 
to diuretic therapy; and antioxidants (e.g., vitamin A). Infants with BPD have lower plasma levels of vitamin A, 
and supplementation has been shown to reduce the inci-
dence and severity of the disease. Corticosteroids have been 
shown to improve lung function in patients with BPD; 
however, they also have been associated with neurodevel-
opmental impairment, so their use should be limited to life-
threatening, severe BPD with parental informed consent.

APNEA

Pathophysiology
Apnea, defi ned as the cessation of respiration for more 
than 10 seconds, occurs frequently in premature infants; 
the incidence decreases with increasing gestational age. 
Apnea aff ects approximately 25% of infants who weigh 
less than 2,500 g at birth and 84% of newborns who 
weigh less than 1,000 g. Experts believe that immaturity 
of central respiratory control is a key factor in the etiology 
of apnea in prematurity. Carbon dioxide responsiveness 
refl ective of central chemoreceptor activity is not as devel-
oped in premature infants. In addition, hypoxia can result 

FIGURE 10-6. Chest radiograph of an infant with stage 
IV bronchopulmonary dysplasia. Courtesy of Richard 
Barth, M.D., Division of Pediatric Radiology, Stanford 
University.

FIGURE 10-7. Chest radiograph of an infant with 
pulmonary interstitial emphysema. Courtesy of Richard 
Barth, M.D., Division of Pediatric Radiology, Stanford 
University.
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in transient hyperventilation, followed by hypoventilation and apnea. Apnea is more frequent during rapid eye 
movement  and transitional sleep when the respiratory pattern is irregular.

Th e presence or absence of upper airway obstruction distinguishes the three types of apnea. Central apnea 
(10% to 25% of cases) is characterized by no inspiratory eff ort; obstructive apnea (10% to 20% of cases) by 
airway obstruction with no nasal airfl ow; and mixed apnea (50% to 70% of cases) by elements of both types. In 
contrast, periodic breathing is defi ned as recurrent sequences of cessation of breathing of 5 to 10 seconds fol-
lowed by 10 to 15 seconds of hyperventilation. Th is breathing pattern is normal in premature infants.

Clinical and Laboratory Evaluation
History

In infants born at more than 34 weeks’ gestation, it is important to search for an underlying cause other than 
prematurity. History of feeding intolerance, vomiting, lethargy, temperature instability, seizures, and maternal 
history of infection or drug use may indicate an alternate cause of apnea (Figure 10-8).

Physical Examination

Bradycardia and, on occasion, cyanosis frequently accompany apnea. Other features that may be present include 
tachypnea, respiratory distress, congenital anomalies, or neurologic abnormalities such as lethargy, hypotonia, 
or jitteriness.

Laboratory Evaluation

Various blood studies (e.g., CBC, electrolytes, calcium, magnesium, glucose, drug toxicology screen) may be use-
ful. Additional tests that may help determine the cause of the apnea include head ultrasound, head computed 
tomography (CT), genetic consultation, barium swallow or pH probe, and ABG analysis.

Differential Diagnosis
Several conditions may lead to apnea (see Figure 10-8).

Management
Identifi cation of a potential cause of apnea such as hypoxemia, infection, or anemia warrants treatment of the 
causal condition. Exclusion of other etiologies leads to a diagnosis of idiopathic apnea of prematurity. Methylx-
anthines (e.g., theophylline and caff eine), the pharmacologic agents most widely used to treat apnea, act on the 
brainstem, producing central stimulation of respiratory drive. Serum levels of theophylline of 8 to 10 μg/mL and 
caff eine of 10 to 20 μg/mL are usually therapeutic. Side eff ects, which are seen with higher levels of theophyl-
line, include tachycardia, irritability, vomiting and other gastrointestinal (GI) signs, and seizures. Apnea that is 
unresponsive to other therapies may require CPAP or mechanical ventilation.

PREMATURITY

Infection

Impaired
oxygenation

Metabolic
disorders

Thermal
instability

Gastroesophageal
reflux

Intracranial
pathology

Drugs

APNEA

FIGURE 10-8. Specifi c contributory causes of apnea. From Martin RJ, Miller MJ, Carlo WA: 
Pathogenesis of apnea in preterm infants. J Pediatr 109:733, 1986.
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NEONATAL INFECTIONS

CONGENITAL INFECTIONS

Pathophysiology
Congenital infections may occur any time during pregnancy, labor, and delivery. Transmission may occur through 
the placenta or may ascend into the amniotic fl uid through the vaginal canal. First-trimester infections may 
 aff ect virtually any of the developing organ systems and often lead to signifi cant IUGR. Th e acronym TORCH 
(toxoplasmosis, rubella, cytomegalovirus [CMV], and herpes simplex) describes only some of the major causes 
of intrauterine infection; others include HIV, enterovirus, parvovirus, varicella, and syphilis. Some of these 
infections, as well as viral hepatitis, may arise from postpartum exposure through skin contact or via breast milk. 
Th e risk of peripartum transmission of herpes simplex is greatest with vaginal delivery in a mother with primary, 
not recurrent, genital herpes.

Clinical and Laboratory Evaluation
History

It is important to review maternal history carefully. Many severe congenital infections occur unexpectedly; they 
are often associated with mild, nonspecifi c illness in the pregnant woman. It is routine to screen most pregnant 
women for antibody titers against rubella and hepatitis B and occasionally for toxoplasmosis. Consumption of 
raw meat or, less commonly, exposure to cat feces increases the risk of toxoplasmosis. Risk of other congenital 
infections may have to be inferred. For example, intravenous drug use or history of sexually transmitted diseases 
increases the risk of viral hepatitis and HIV.

Physical Examination

Th e eff ects of congenital infection vary depending on the causative organism and the maternal and fetal hosts. 
Many aff ected fetuses are asymptomatic at birth. Th e most commonly shared sequelae include:

• Growth retardation
• Premature delivery
• Central nervous system (CNS) abnormalities, including microcephaly, intracranial calcifi cations, and 

chorioretinitis
• Hepatosplenomegaly, often with accompanying jaundice
• Bruising or petechiae that may accompany thrombocytopenia
• Skin lesions

Infants with congenital viral infections may also present with acute symptomatology such as interstitial 
pneumonitis, myocarditis, or encephalitis. Clinical fi ndings specifi c for certain conditions are:

• Congenital rubella syndrome: cataracts, hearing loss, heart lesions, blueberry-muffi  n spots (palpable skin 
lesions associated with extramedullary hematopoiesis)

• Congenital herpes simplex: skin, eye, or mouth lesions; more severe systemic symptoms, including 
seizures or multiorgan system failure, usually occur after the fi rst week of life

• Parvovirus B19: possible fetal marrow suppression associated with hydrops fetalis

Pediatric Pearl: Infants with hepatosplenomegaly and thrombocytopenia should be evalu-
ated for congenital viral infection.
Pe
ate

Laboratory Evaluation

Th e combination of careful review of maternal history with clinical evaluation of the aff ected newborn is the best 
guide to the selection of necessary diagnostic studies. Serologic testing is most helpful for rubella, toxoplasmosis, 
and herpes infections. However, repeat testing may be necessary because increased levels of immunoglobulin G 
(IgG) may result from passive transfer of maternal IgG or from neonatal production. IgM, which cannot pass 
through the placenta from mother to fetus, is often a more reliable indicator of true neonatal infection. Urine 
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cultures are best for demonstrating active CMV infection. Blood, cerebrospinal fl uid (CSF), and skin lesion 
cultures or viral polymerase chain reaction testing are usually diagnostic for herpes and enteroviral infections. 
Specifi c electroencephalographic (EEG) changes, often accompanied by characteristic neuroradiographic fi nd-
ings on CT scan or magnetic resonance imaging (MRI), result from herpes encephalitis.

Differential Diagnosis
Th e diff erential diagnosis depends on the signs and symptoms at presentation. Growth retardation and multio-
rgan dysfunction may also signify a genetic syndrome or metabolic disease (see Chapter 11).

Management

Unfortunately, management of congenital infection is usually only supportive (e.g., provision of cardiopulmo-
nary assistance or correction of coagulopathy). However, the following modes of treatment may be useful in 
specifi c conditions:

• Neonatal herpes infection: antiviral agents acyclovir and vidarabine to reduce mortality and morbidity
• Toxoplasmosis: a regimen of pyrimethamine, sulfadiazine, and folinic acid (neonates) or spiramycin 

(infected pregnant women)
• HIV infection: use of zidovudine in prophylactic treatment of HIV-exposed newborns (see Chapter 9)

BACTERIAL INFECTIONS

Pathophysiology
Bacterial infections may be blood-borne, crossing the placenta, or may ascend the vaginal canal, especially after 
prolonged rupture of membranes. Th e specifi c pathogen involved depends on maternal colonization. Th e agents 
that cause the most common neonatal bacterial infections are group B streptococcus, which colonizes the vagina 
or cervix of 15% to 25% of pregnant women; Escherichia coli; Staphylococcus aureus; and Listeria monocytogenes. 
Attack rates vary considerably over time and by geographic area. Other bacterial pathogens (e.g., coagulase-
negative staphylococcus, Klebsiella, and Serratia) are more often associated with nosocomial (hospital-derived) 
infection, for which premature infants, with their relatively impaired immune function, are at higher risk.

Clinical and Laboratory Evaluation
History

It is important to obtain a complete obstetric history; maternal risk factors for neonatal bacterial sepsis in-
clude GBS colonization, prolonged or premature rupture of membranes associated with labor, chorioamnionitis, 
and urinary tract infection. Intrapartum evidence of infection includes otherwise unexplained fetal tachycardia, 
meconium staining of the amniotic fl uid, maternal fever, and perinatal depression. Risk of nosocomial infec-
tion increases with extreme prematurity, hyperalimentation administration, prolonged intravascular access, and 
surgical procedures.

Physical Examination

Septic neonates may initially be asymptomatic, may present later with subtle fi ndings, or may rapidly progress 
to cardiopulmonary shock. Early fi ndings associated with bacterial infection include temperature instability 
(more often hypothermia than hyperthermia), tachypnea, labored respirations, and feeding intolerance. Physical 
fi ndings may include lethargy or irritability, rales if there is an accompanying pneumonia, jaundice, or decreased 
perfusion. Other dermatologic fi ndings such as petechiae or purpura occur rarely. Because respiratory symptoms 
are the most common presenting sign of neonatal sepsis, evaluation and treatment for this is imperative for 
neonates with respiratory distress even with other potential explanations, for example, prematurity and MAS.

Laboratory Evaluation

Th e approach to laboratory evaluation for potential bacterial sepsis is not standardized, and interpretation of 
laboratory data may depend on clinical evaluation. A positive blood culture confi rms the diagnosis, but a nega-
tive blood culture does not rule it out. Small sample volume, the degree of bacteremia, or the inhibition of bacte-
rial growth by antepartum maternal antibiotic administration may cause a negative culture result. White blood 
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cell counts may be either lowered or elevated in infected infants, with an increase in the percentage of immature 
lymphocytes, thrombocytopenia, or abnormal inclusion bodies.

Other tests may prove useful. Chest radiography may show evidence of an accompanying pneumonia. 
Lumbar puncture evaluates for meningitis. Urinalysis and culture are usually reserved for the evaluation of sepsis 
that occurs several days after birth because urinary tract infections soon after birth are usually hematogenous 
in origin and not necessarily a refl ection of abnormal urinary structure or function. Antigen detection tests of 
serum, urine, and CSF lack the sensitivity and specifi city to diagnosis neonatal sepsis accurately. Measurement 
of acute-phase reactants such as C-reactive protein may be useful in both ruling out neonatal sepsis and in help-
ing determine the duration of antibiotic therapy.

Differential Diagnosis
Th e signs and symptoms of bacterial infection are relatively nonspecifi c. Viral or fungal infection (most com-
monly Candida), often accompanied by cardiovascular instability, may also occur in neonates. In addition, car-
diorespiratory or metabolic disease may manifest with systemic signs similar to infection.

Management
Often, a high degree of suspicion of infection is suffi  cient to lead to initiation of empiric antibiotic administra-
tion without a confi rmatory positive blood culture. Th erapy is usually started with two drugs: ampicillin (for 
possible Listeria) and an aminoglycoside (e.g., gentamicin) or a cephalosporin. In cases of nosocomial infec-
tion, broader spectrum coverage (vancomycin and a cephalosporin) against more resistant organisms, including 
coagulase-negative staphylococcus, may be needed. Results of culture and sensitivity tests may later alter the 
antibiotic choice.

Septic neonates may require signifi cant intensive care support, including intravenous fl uid therapy, respira-
tory support with supplemental oxygen and mechanical ventilation, and cardiovascular support with intravas-
cular colloid volume or cardiopressor drugs such as dopamine. Transfusions of granulocytes, colony stimulating 
factor, or intravenous immunoglobin have not been proven to reduce mortality or morbidity in neonatal sepsis. 

Pediatric Pearl: Infants diagnosed with E. coli sepsis should also be evaluated for 
galactosemia.
Pe
ga

HYPERBILIRUBINEMIA

Pathophysiology
Approximately 50% of neonates have visible jaundice. It is necessary to understand bilirubin metabolism to 
distinguish “physiologic” from “pathologic” jaundice. Bilirubin is a degradation product of hemoglobin and, 
to a lesser extent, of myoglobin and other “non-heme” proteins. In newborns, the hemoglobin concentration 
is relatively high (15 to 18 g/100 mL), and any bruising from birth trauma or other sites of hemorrhage may 
exacerbate the expected baseline level of hemolysis. Markedly increased erythrocyte destruction leading to el-
evated bilirubin production may result from Rh or ABO isoimmunization, structural (e.g., hereditary sphero-
cytosis) or metabolic (e.g., glucose-6-phosphate dehydrogenase [G6PD] defi ciency) erythrocyte  defects, or 
infection.

Bilirubin occurs in two forms: unconjugated or indirect, most of which is bound to serum albumin; and 
conjugated or direct, which usually has one or two glucuronides. Th e enzyme glucuronyl transferase catalyzes 
bilirubin conjugation in the liver. Glucuronyl transferase activity is low at birth and increases to adult levels in 
the ensuing days to weeks; prematurity delays this maturation. Conjugated bilirubin is more soluble and excre-
table in the bile and urine. Bilirubin may also be reabsorbed from the intestines in a process known as entero-
hepatic recirculation. Critically ill newborns often have decreased intestinal motility or may not be receiving 
enteral feeds, which leads to higher levels of serum bilirubin via increased enterohepatic recirculation, which can 
be exacerbated by inadequate breastfeeding.

Excessive serum unconjugated bilirubin may lead to bilirubin encephalopathy or kernicterus. In this con-
dition, yellow staining of the pons, basal ganglia, and other cerebellar structures is associated with permanent 
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neurologic injury. Conjugated bilirubin does not cross the blood–brain barrier and is therefore not associated 
with neurologic injury.

Clinical and Laboratory Evaluation
History

Historical factors may be important in the diagnosis and treatment of hyperbilirubinemia. Th is condition may 
be associated with prematurity, sepsis, ethnicity (more prevalent in Asian and Native American populations), 
poor enteral intake, dehydration, and inadequate breastfeeding.

Physical Examination

Serum bilirubin levels need be only 3 to 5 mg/dL to cause visible jaundice. Th e extent of jaundice roughly cor-
relates with the severity of hyperbilirubinemia, with mild hyperbilirubinemia most noticeable in the face and 
sclerae, and with severe hyperbilirubinemia causing a deeper yellow hue throughout the body. Phototherapy 
removes bilirubin from the skin and thus impairs the ability to estimate serum bilirubin levels by exam. 

Initial signs and symptoms of kernicterus include altered cry, seizures, obtundation, and opisthotonic 
(arched back) posturing. Th e long-term eff ects of kernicterus include the choreoathetoid form of cerebral palsy, 
mental retardation, high-tone hearing loss, and gaze palsy.

Laboratory Evaluation

Th e benchmark measures of hyperbilirubinemia are serum levels of total and direct bilirubin. When direct bili-
rubin is greater than 1.5 mg/dL and more than 10% of the total bilirubin, a patient is said to have conjugated 
hyperbilirubinemia. End-tidal carbon monoxide (CO) monitors have been used to measure exhaled CO, which 
correlates with the degree of hemolysis because hemoglobin degrades into bilirubin and CO on an equimolar ba-
sis. Transcuteanous bilirubinometers are being used more frequently to screen a wider population of newborns.

At any given level of hyperbilirubinemia, ABG analysis for acidosis and serum albumin measurement may 
help identify neonates at higher risk of brain injury. MRI of the brains of kernicteric patients may demonstrate 
characteristic changes in the basal ganglia and hippocampus.

A possible hemolytic etiology of hyperbilirubinemia is evaluated by comparing maternal and infant blood 
and Rh types, Coombs test, and reticulocyte count. Additional laboratory studies may be indicated to rule out 
other etiologies, including sepsis, hepatic disorders, and metabolic diseases (e.g., G6PD defi ciency).

Differential Diagnosis
Th e diff erential diagnosis of unconjugated hyperbilirubinemia is extensive (Table 10-3). Several other diseases 
may cause conjugated hyperbilirubinemia, including extrahepatic biliary obstruction and intrahepatic cholesta-
sis associated with infections, metabolic disorders, or hyperalimentation.

Management
Controversy exists about when to initiate therapeutic measures to lower serum bilirubin because permanent 
neurologic injury depends on more than serum bilirubin level alone. Serum bilirubin levels of greater than 
20 mg/dL in conjunction with signifi cant hemolysis have been found to be associated with kernicterus. Recent 
data suggest that otherwise healthy term infants may tolerate bilirubin levels up to 25 mg/dL with little, if any, 
risk of permanent neurologic injury.

Phototherapy, which induces isomerization of bilirubin to a more soluble form that is excreted in the 
urine, has been the mainstay of treatment. Double-volume exchange transfusion is reserved for higher levels 
of bilirubin, because of the attendant risks of catheter placement such as infection and embolic phenomena. 
 Nomograms of normative bilirubin values over time are available for term and near-term newborns to help 
predict which patients may reach levels that might require phototherapy or exchange transfusion. For premature 
infants, phototherapy and/or exchange transfusion are generally undertaken at lower levels. 

Other modes of therapy may be eff ective. Phenobarbital is sometimes used because it enhances bilirubin 
excretion from the liver, although it takes several days to induce the enzyme system. Recently, trials of metal-
loporphyrins have demonstrated that these agents decrease bilirubin production by competition for heme oxy-
genase, which catalyzes the fi rst step in the breakdown of hemoglobin into bilirubin.
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HEMATOLOGIC DISORDERS

ANEMIA (SEE CHAPTER 16)

Pathophysiology
Several changes in red blood cell (RBC) mass occur during the neonatal period. Fetal hemoglobin, which 
makes up 70% to 90% of hemoglobin at birth, binds oxygen more tightly, resulting in a shift of the hemoglobin–
oxygen dissociation curve to the left in Figure 10-9. Th is shift benefi ts the fetus in utero by facilitating oxygen 
exchange from maternal to fetal RBCs. However, this feature proves disadvantageous to newborns because 
release to the tissues is impaired. In utero fetal oxygen saturation is approximately 65%, resulting in high levels 
of erythropoietin, reticulocyte counts of 3% to 7%, and steadily rising hemoglobin levels that reach a mean of 
17.5 g/dL at term. After birth, with oxygen saturation in excess of 95%, erythropoietin levels and reticulocyte 
counts fall dramatically. Th e hemoglobin level increases slightly after birth as the result of hemoconcentration, 
usually returning to birth levels at 1 week and then progressively falling. Th e postnatal decline is due to the sup-
pression of erythropoietin and expansion of the blood volume.

Th e usual physiologic anemia of infancy occurs in full-term infants at 2 to 3 months with hemoglobin levels 
of approximately 9 g/dL. In premature infants, the nadir occurs earlier (at 4 to 7 weeks) and is lower (7 to 8 g/dL). 
Th is anemia of prematurity is an exaggeration of the normal physiologic anemia resulting from a smaller RBC mass 
at birth, shortened RBC survival, more signifi cant blood volume increase caused by growth, and, often, frequent 
phlebotomy for laboratory analysis. Consumption of iron stores during this period is rapid, and without supplemen-
tation, iron defi ciency anemia will result.

Clinical and Laboratory Evaluation
History

It is necessary to obtain a complete obstetric history (e.g., for abruptio placentae or cord rupture), a family his-
tory (e.g., for anemia, jaundice, gallstones, splenectomy), as well as consider a history of blood loss, hemolysis, 
or frequent phlebotomy.

 TABLE 10-3

Differential Diagnosis of Unconjugated Hyperbilirubinemia
Physiologic jaundice

Breast milk jaundice

Hemolytic anemia

• Congenital: hereditary spherocytosis, G6PD defi ciency, pyruvate kinase defi ciency, galactosemia, 
hemoglobinopathies

• Acquired: Rh or ABO incompatibility, infection, drugs (e.g., vitamin K)

Polycythemia: chronic fetal hypoxia, maternal–fetal or twin–twin transfusion, delayed cord clamping, 
maternal diabetes mellitus

Hematoma or hemorrhage: birth trauma, pulmonary hemorrhage, intraventricular hemorrhage

Glucuronyl transferase defect

• Congenital: type I (Crigler-Najjar syndrome), type II defi ciency, Gilbert syndrome
• Acquired: drugs (e.g., novobiocin), Lucey-Driscoll syndrome

Metabolic disorders: galactosemia, hypothyroidism, maternal diabetes mellitus

Increased enterohepatic circulation: intestinal obstruction, ileus, swallowed blood

Alterations of bilirubin-albumin binding: aspirin, sulfonamides, acidosis

G6PD, glucose-6-phosphate dehydrogenase.
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Physical Examination

Physical fi ndings include pallor, tachycardia, tachypnea, hepatosplenomegaly, hypotension, and poor perfusion.

Laboratory Evaluation

A CBC, reticulocyte count, blood smear, Coombs test, bilirubin, Apt test, and Kleihauer-Betke test may be 
 useful. In addition, ultrasound of the abdomen and head may identify sources of blood loss.

Differential Diagnosis
Th e causes of anemia include blood loss, hemolysis, and reductions in production of blood cells (Table 10-4).

Management
Specifi c indications for RBC transfusion depend on assessment of an infant’s current physiologic status. Replace-
ment of blood lost acutely is generally necessary, whereas replacement of blood drawn for laboratory evaluations 
is not required. Transfusions consisting of packed RBCs with a hematocrit of 60% to 70% are given in aliquots; 
10 to 20 mL/kg is generally tolerated without symptoms of cardiovascular overload. Packed RBC transfusion 
may be necessary for infants with signifi cant cardiorespiratory compromise, who may need higher hematocrits 
to optimize oxygen delivery. Promotion of more restrictive transfusion practices for premature infants reduces 
blood product exposure without any demonstrated evidence of compromising clinical outcomes.

POLYCYTHEMIA

Pathophysiology
Polycythemia is defi ned as a venous hemoglobin exceeding 20 g/dL or a hematocrit of over 65%. As the cen-
tral hematocrit rises above 65%, blood viscosity increases exponentially, and capillary blood fl ow is reduced. 
Infarction and thrombosis may occur in the brain, lungs, intestines, or other organs. Th e causes of polycythemia 
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FIGURE 10-9. Th e oxygen dissociation curve of hemoglobin, which refl ects the affi  nity of hemoglobin for oxygen. With 
a shift to the left, the affi  nity for oxygen increases, and less oxygen is released to the tissues. With a shift to the right, the 
opposite eff ect occurs. DPG, diphosphoglycerate; Hb, hemoglobin.
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include increased erythropoietin in response to tissue hypoxia (e.g., asphyxia) and increased blood volume (e.g., 
twin–twin transfusion).

Clinical and Laboratory Evaluation
History

Historical factors are important in the diagnosis and treatment of polycythemia. Infants at risk for polycythemia 
include infants of diabetic mothers, SGA infants, recipients of in utero twin–twin transfusions, and infants with 

 TABLE 10-4

Differential Diagnosis of Anemia

Blood Loss

• Obstetric causes

 Abruptio placentae or placenta previa
 Cord rupture or hematoma
 Fetomaternal or fetoplacental bleeding
 Twin–twin transfusion
 Anomalous vessels (e.g., vasa previa, velamentous insertion)

• Neonatal causes

 Iatrogenic (e.g., phlebotomy, surgical bleeding)
 Intracranial bleeding
 Cephalohematoma
 Gastrointestinal hemorrhage
 Rupture of liver or spleen

Hemolysis

• Immune

 Rh, ABO, or minor blood group incompatibility
 Maternal autoimmune disease
 Drug-induced hemolysis

• Nonimmune

 Hereditary RBC disorders
 RBC membrane defects (e.g., spherocytosis, elliptocytosis)
 Metabolic defects (e.g., G6PD, pyruvate kinase)
 Hemoglobinopathies

 Infection
 Disseminated intravascular coagulation
 Vitamin E defi ciency
 Microangiopathic hemolytic anemia (e.g., cavernous hemangioma)

Diminished Production of RBCs

 Anemia of prematurity

 Diamond–Blackfan syndrome

 Congenital leukemia

 Viral infections

 Osteopetrosis

G6PD, glucose-6-phosphate dehydrogenase; RBC, red blood cell.
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delayed cord clamping. Polycythemia may result in feeding problems, NEC, hypoglycemia, seizures, renal vein 
thrombosis, and cerebral infarcts.

Physical Examination

Most infants with polycythemia are asymptomatic. However, tachypnea, congestive heart failure, cyanosis, 
plethora, jitteriness, hypotonia, lethargy, or jaundice are sometimes evident.

Laboratory Evaluation

A central venous hematocrit greater than 65% or hemoglobin greater than 20 g/dL is indicative of polycythemia.

Management
A partial exchange transfusion is performed to replace blood with crystalloid or colloid. Th e treatment is simple, 
but the timing of implementation is controversial. In general, treatment is performed in symptomatic infants 
with hematocrits greater than 65% and in asymptomatic infants with hematocrits greater than 70%. Intravenous 
hydration may be given to asymptomatic infants with hematocrits between 60% and 70%.

THROMBOCYTOPENIA

Pathophysiology
Th rombocytopenia is defi ned as a platelet count of less than 150,000/mm3. Th e steady-state level of platelets in 
the blood refl ects a balance between production and destruction. Platelet production can be evaluated by look-
ing at the megakaryocytes in the bone marrow, whereas platelet destruction is studied by isotope labeling or by 
following the platelet count over time. Large platelets seen in the peripheral smear are indicative of increased 
destruction with young, larger platelets coming from the bone marrow.

Clinical and Laboratory Evaluation
History

Maternal history may be useful. A history of maternal thrombocytopenia, splenectomy, autoimmune disease, 
drug use, or infection may explain the neonatal thrombocytopenia.

Physical Examination

Physical fi ndings may include petechiae, bruises, hepatosplenomegaly, jaundice, and congenital anomalies.

Laboratory Evaluation

Th e maternal platelet count should be checked. A low maternal platelet count suggests autoimmune thrombo-
cytopenia or idiopathic thrombocytopenic purpura. If normal, platelet typing of the parents is indicated to diag-
nose neonatal alloimmune thrombocytopenia. A CBC, platelet count, prothrombin time, partial thromboplastin 
time, fi brinogen, and d-dimer are warranted in the infant.

Differential Diagnosis
Th e diff erential diagnosis of thrombocytopenia involves decreased platelet production, increased platelet de-
struction, and disorders of platelet function (Table 10-5).

Management
In general, platelet transfusions are appropriate for clinical bleeding and for infants at risk for complications 
such as intraventricular hemorrhage (IVH). Th e exact platelet count at which prophylactic platelet transfu-
sions are given is controversial and depends on several clinical variables (e.g., gestation age, severity of illness). 
 Intravenous gammaglobulin may be used to mitigate immune-mediated thrombocytopenia.  Treatment also 
depends on the specifi c cause of the thrombocytopenia.
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NEUROLOGIC DISORDERS

INTRAVENTRICULAR HEMORRHAGE

Pathophysiology
IVH usually starts in the subependymal germinal matrix. Bleeding may then extend within the ventricles to the 
posterior fossa, which may lead to obliterative arachnoiditis and obstructive hydrocephalus.

Autopsies of neonates as well as animal models have served as the basis of the neuropathology of IVH. 
About 15% of patients with IVH have a parenchymal lesion (i.e., hemorrhagic necrosis in periventricular white 
matter). Two-thirds of IVHs are unilateral; most of the remainder are asymmetric when they are bilateral. 

 TABLE 10-5

Differential Diagnosis of Thrombocytopenia

Decreased Platelet Production

Absent radii syndrome

Congenital cytomegalovirus and rubella

Trisomy 13 and 18

Methylmalonic aciduria, isovaleric acidemia, ketotic hyperglycinemia

Bone marrow infi ltration (osteopetrosis, leukemia, histiocytosis, tumors)

Megaloblastic anemia (folate or vitamin B12 defi ciency)

Wiskott–Aldrich syndrome

Increased Platelet Destruction

• Immune

Autoimmune (induction of platelet antibodies by maternal platelets)
Maternal idiopathic thrombocytopenic purpura
Maternal autoimmune disease
Drug-induced (digoxin, chlorothiazide, quinidine)

• Isoimmune (induction of platelet antibodies, usually against platelet antigen PIA1)

• Nonimmune

Incidental maternal thrombocytopenia
Peripheral consumption
 Disseminated intravascular coagulation
 Kasabach-Merritt syndrome
 Sepsis
 Drug injury (e.g., thiazides, hydralazine, aspirin)
 Hypersplenism (congenital hepatitis, congenital viral infection)

Disorders of Platelet Function

Bernard-Soulier syndrome

Gray platelet syndrome

May-Hegglin anomaly

Other Conditions

Th rombocytopenia after exchange transfusion or multiple transfusions
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IVH is classifi ed using the Papile system as follows: grade 1, 
subependymal/germinal matrix bleed; grade 2, intraventricular 
bleed; grade 3, intraventricular bleed with ventriculomegaly; and 
grade 4, parenchymal hemorrhage.

Th e etiology of IVH is complex. Experts believe that IVH is 
not an extension of subependymal hemorrhage but rather a sub-
sequent hemorrhagic venous infarction. Other possible etiologies 
or exacerbating factors include local  potassium concentration, in-
creased intraventricular pressure, and lactic acidosis. Intravascular 
factors implicated in the development of IVH include fl uctuating 
cerebral blood fl ow, increased  cerebral venous pressure, and platelet 
and coagulation factors (probably not very signifi cant in most cases 
of IVH, although they may exacerbate any bleeding that is present). 
Vascular factors associated with IVH include tenuous capillary 
 integrity and vulnerability to hypoxic-ischemic injury. Extravas-
cular factors that aff ect IVH include defi cient vascular support, 
fi brinolytic activity, and postnatal decrease in tissue pressure.

Long-term morbidity associated with IVH is quite variable. 
Minimal, if any, handicap is usually found with grade 1 and 2 bleeds. Grade 3 and 4 hemorrhages are associated 
with a 50% to 100% incidence of motor and mental defi cits, including hydrocephalus, cerebral palsy, retardation, and 
seizure disorders. Neonates with severe IVH involving parenchymal hemorrhage often do not survive. In one study, 
40% of infants with localized grade 4 IVH died, and 80% with extensive grade 4 bleeds succumbed. Bilateral lesions 
generally have a worse prognosis than unilateral. 

Clinical and Laboratory Evaluation
History

IVH correlates most signifi cantly with prematurity. In premature infants whose birth weight is less than 1,500 g, the 
incidence of all types of IVH is approximately 25%. Grade 3 and grade 4 diseases occur in about 10% of patients. 
Cardiorespiratory instability and, to a lesser extent, coagulopathy are also associated with a higher risk of IVH.

Physical Examination

Physical fi ndings include cardiorespiratory instability, metabolic acidosis, hematocrit decline, a tense anterior 
fontanelle, and a change in neurologic status. Because these fi ndings are neither very specifi c nor sensitive indi-
cators of IVH, diagnosis requires neuroradiographic confi rmation.

Laboratory Evaluation

Cranial ultrasonography is the most widely used neuroradiographic study for the detection of IVH (Figure 10-10). 
Descriptors of the laterality and magnitude of the IVH are also useful. Head CT and MRI can also be used diag-
nostically.

Differential Diagnosis
Other neuropathologies that occur in premature infants may accompany IVH or may develop independently. 
Th ese include periventricular leukomalacia, a symmetric, nonhemorrhagic, ischemic white matter injury with 
a predilection for periventricular arterial border zones, as well as pontine neuronal necrosis, which is seen in as 
many as 50% of patients with IVH and is also associated with hypoxic-ischemic insult.

Pediatric Pearl: Newborn infants with seizures should be evaluated with a head CT or MRI 
to rule out congenital anomalies, hemorrhage, or infarct.
Pe
to

Management
Prevention of premature birth is the prenatal intervention most likely to decrease the incidence of IVH. 
 Maternal transport to a center equipped for high-risk obstetrics and neonatology prior to premature delivery 

FIGURE 10-10. Head ultrasound showing 
a grade 3 intraventricular hemorrhage. Th e 
arrow indicates the location of the hemorrhage 
within a dilated left lateral ventricle. Courtesy 
of Richard Barth, M.D., Division of Pediatric 
Radiology, Stanford University.
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may also  decrease the likelihood of IVH by provision of optimal labor, delivery, and resuscitation. Recently, 
studies have found that administration of antenatal steroids to mothers delivering prematurely reduces the in-
cidence and severity of IVH. Other drugs that have been studied to prevent development of IVH in premature 
at-risk neonates include phenobarbital, indomethacin, ethamsylate (a prostaglandin synthesis inhibitor), and 
vitamin E. Indomethacin has been used prophylactically to decrease IVH, but has not been shown to improve 
long-term outcome.

HYPOXIC-ISCHEMIC INJURY

Pathophysiology
Inadequate blood fl ow or oxygen delivery to the brain may cause hypoxic-ischemic encephalopathy (HIE), a 
clinical term preferable to the less specifi c “perinatal asphyxia.” Prenatal origins of this hypoxia/ischemia may 
be maternal, placental, or fetal (Table 10-6). Hypoxic-ischemic injury may also develop any time after birth; for 
example, it may result from the cardiorespiratory insuffi  ciency that may be seen in severe lung immaturity or 
with sepsis.

Th e extent and permanence of brain injury depend on the magnitude and duration of hypoxia and isch-
emia, as well as host factors such as the degree of prematurity. Partial asphyxia can lead to brain swelling and 
edema; necrosis of the cerebral cortex, basal ganglia, and thalamus; and alteration of the blood-brain barrier. To-
tal asphyxia is more typically associated with damage to the brainstem and thalamic nuclei. Th e diff erentiation 
between these two modes of injury is not as well-defi ned clinically as it is in animal models. 

Cerebral blood fl ow is normally autoregulated, with an increase in fl ow seen with elevation of PCO
2
, 

with acidosis, or with decreased PO
2
. Loss of cerebral blood fl ow autoregulation may lead to concomitant 

IVH. Recently, studies have found that extracellular glutamate is elevated after hypoxia and is associated 
with neuronal toxicity that can be ameliorated by specifi c chemical blockers to the membrane channels 
leading to glutamate release. Usually only a minority of the injury occurs immediately secondary to acute 

 TABLE 10-6

Causes of Hypoxic-Ischemic Encephalopathy

Maternal Causes

• Decreased maternal PO
2
 (from heart or lung disease)

• Decreased uteroplacental blood fl ow (seen in hypotension)

• Hypertensive disease with vasospasm

• Uterine abnormalities

Placental Abnormalities

• Placenta previa

• Vasa previa

• Abruptio placentae

• Cord abnormalities
 Prolapse
 Compression
 Knot formation (may deprive fetus of adequate blood and oxygen)

Fetal Origins

• Hemolysis (e.g., from Rh incompatibility)

• Fetal–maternal transfusion

• Twin–twin transfusion
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necrosis. Th e bulk of the CNS injury usually begins with reperfusion and is secondary to apoptotic changes 
(programmed cell death) over days to weeks; metabolic changes are detectable by magnetic resonance spec-
troscopy for weeks to months.

Clinical and Laboratory Evaluation
History

Review of the obstetrical history, particularly potential causes of IUGR, helps identify maternal or placental 
risk factors for hypoxia and ischemia. Cord pH and fetal heart tracings may also refl ect the acidosis that can 
accompany hypoxia and ischemia.

Physical Examination

Th ree stages of HIE in neonates have been described: stage 1, mild irritability and hypertonia, usually associated 
with good outcome; stage 2, hypotonia and sometimes seizures, associated with variable long-term neurologic 
defi cits; and stage 3, prolonged stupor and coma, usually leading to severe permanent neurologic injury. Clas-
sifi cation of all HIE-aff ected newborns is not always straightforward because of individual variation in response 
to hypoxia and ischemia.

Th e neurologic examination may be limited or altered by other neonatal diseases or their treatment. Other 
organ systems are also frequently aff ected by hypoxic-ischemic insults:

• Th e kidneys, resulting in oliguria, proteinuria, and hematuria;
• Th e heart, resulting in tricuspid regurgitation and ventricular dysfunction;
• Th e lungs, resulting in pulmonary hypertension and impairment of function;
• Th e intestines, resulting in ileus or disruption of the brush border enzymes; and 
• Th e bone marrow, resulting in thrombocytopenia.

Laboratory Evaluation

Several laboratory studies may provide useful information. A lumbar puncture and CSF analysis should rule out 
an infectious neurologic insult; bloody CSF may suggest an intracranial hemorrhage. Cranial ultrasound may 
show decreased ventricular size that may accompany the cerebral edema following an acute insult and can rule 
out associated IVH. In HIE, CT scanning and MRI imaging yield more information; cerebral edema, changes 
in gray-white diff erentiation, hemorrhage, and infarcts refl ect acute changes. Focal or global atrophy are signs 
of the more chronic sequelae of HIE. EEG is quite useful in following patients with the disease. Abnormalities 
range from decreased amplitude with excessive sharp waves, to frank seizures, and fi nally to the most ominous 
patterns of burst-suppression or a fl at, isoelectric tracing. Cerebral function monitoring utilizing continuous 
compressed and fi ltered EEG, known as amplitude-integrated EEG, has been increasingly used in neonates to 
assess neurologic injury.

Differential Diagnosis
Other neonatal neurologic insults may arise from congenital or neonatal infections, vascular accidents (e.g., 
subarachnoid hemorrhage), chromosomal or other genetic syndromes, maternal or neonatal drug exposure, and 
metabolic diseases.

Management
Th e best management strategy for HIE is prevention of hypoxic and ischemic stresses whenever possible. 
General supportive care ensures good cardiopulmonary function, glucose and electrolyte balance, and ad-
equate renal function. Anticonvulsant therapy may begin prophylactically or after appreciation of seizures; 
phenobarbital, benzodiazepines, and fosphenytoin are the drugs of choice. Postinsult strategies once thought 
to decrease cerebral edema such as head elevation, hyperventilation, fl uid restriction, and mannitol or other 
diuretic use have no proven benefi t. Hypothermia, either systemic or localized with a head cooling device, 
has been shown in prospective, randomized, controlled trials to ameliorate CNS injury and improve prog-
nosis. Other experimental therapies under consideration include erythropoietin, calcium channel block-
ers, N-methyl-D-aspartate antagonists (e.g., dextromethorphan), iron chelators (e.g., deferoxamine), and 
 inhaled xenon.
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DRUG EXPOSURE

Pathophysiology
Maternal drug exposure may lead to neurologic insult by any of several mechanisms. Drugs such as alcohol may 
have a direct teratogenic eff ect as seen in fetal alcohol spectrum disorder (FASD), in which subtle interruption 
of facial development can occur, especially in the fi rst trimester. Cocaine directly aff ects the fetus through inter-
ference with dopamine and norepinephrine uptake at the postsynaptic junction. Th is neurologic toxicity may not 
be reversible by cessation of cocaine use. Cocaine may also indirectly infl uence the fetus through uteroplacental 
and fetal vasoconstriction and hypoxia; these eff ects include premature birth, growth retardation, microcephaly, 
and neurologic insults from infarcts during development. Opiates (e.g., heroin, methadone) presumably alter 
opiate receptors associated with endorphin and enkephalin production. Any of these insults may be complicated 
by the socioeconomic and lifestyle problems that accompany drug abuse and that increase the likelihood of 
malnutrition, poor fetal growth, and sexually transmitted infections.

Pediatric Pearl: Infants born after a placental abruption should be evaluated for intrauter-
ine drug exposure. Cocaine is a known cause of uterine vascular changes that increase the 
risk of abruptio placentae.

Pe
ine
ris

Clinical and Laboratory Evaluation
History

Maternal history is quite unreliable as a measure of recreational drug use. However, a nonthreatening manner on the 
part of the physician encourages self-reporting. Th e clinician may infer suspicion of drug use from behavior such as 
delayed or absent prenatal care. Unexplained placental abruption may raise the possibility of maternal cocaine use.

Physical Examination

Prematurity or SGA status may be the only sign of maternal drug use. Craniofacial anomalies, including hyp-
oplastic philtrum, thin upper lip, decreased nose-to-midface length ratio, short palpebral fi ssures, and a fl attened 
maxillary region, are primarily associated with FASD, although these fi ndings may be less obvious in the neona-
tal period. Cardiac, renal, GI, and limb anomalies may also be linked to this condition. Mild facial dysmorphism 
or microcephaly, as well as limb reduction defects and urinary tract anomalies, may result from cocaine use.

Laboratory Evaluation

Maternal and neonatal drug screening off ers insight into only relatively recent maternal drug abuse. Unfortu-
nately, permanent injury from drugs may have occurred months before cessation of the drug habit. Toxicology 
studies from meconium or hair samples are more likely to demonstrate the presence of drugs even several weeks 
after last use.

Repeated observation by health care providers using an objective, quantifi able scoring system is the best 
method for the diagnosis of neonatal abstinence or withdrawal syndrome. Common signs and symptoms 
of withdrawal may be neurologic, including irritability or seizures; GI, including poor feeding, vomiting, and 
diarrhea; respiratory; and autonomic, such as altered cry, sneezing, and sweating.

Differential Diagnosis
Th e signs and symptoms of drug exposure or withdrawal are nonspecifi c. Neurologic symptoms such as jitteri-
ness or seizures may arise from infectious or metabolic disease. GI symptoms that mimic narcotic withdrawal 
may also result from anatomic or infectious causes.

Management
Supportive care is appropriate for symptomatic drug-exposed neonates. Severe narcotic withdrawal may ne-
cessitate pharmacologic intervention, usually with an opiate such as morphine or methadone, which must be 
tapered slowly over several weeks. Long-term follow-up, together with parental behavioral modifi cation and 
support classes, may be of help in achieving optimal developmental potential in drug-exposed infants.
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OTHER DISORDERS AND ISSUES

NECROTIZING ENTEROCOLITIS

Pathophysiology
NEC, the most common serious GI tract disorder seen in the NICU, occurs in 1% to 5% of all NICU admis-
sions and has an overall mortality of 20% to 40%. Its pathogenesis is unclear but appears to be multifactorial. 
Characterized by acute intestinal necrosis, NEC may be the fi nal common response of the immature GI tract to 
multiple damaging insults such as ischemia, infectious agents, enteral feedings, and medications.

Clinical and Laboratory Evaluation
History

History is important in the diagnosis of NEC. Prematurity is the greatest risk factor, although 7% to 10% of 
cases occur in term infants. Suggested risks include perinatal asphyxia, IUGR, polycythemia, exchange transfu-
sion, PDA, and rapid feeding practices. Over 90% of infants who develop NEC have received enteral feedings. 
Infants present with a history of feeding intolerance, vomiting, and heme-positive or grossly bloody stools.

Th e mean age of onset of NEC is 10 days. Th e clinical course of disease varies from a fulminant one with 
rapidly progressive signs of intestinal necrosis, sepsis, and shock to a more indolent one with gradual onset of 
abdominal distention, ileus, tenderness, and heme-positive stools. Th e potential long-term sequelae of NEC in 
survivors include strictures, short bowel syndrome, and failure to thrive.

Physical Examination

Abdominal examination may reveal progressive abdominal distention, tenderness, guarding, and/or abdominal 
wall erythema. Systemic signs of NEC include lethargy, apnea and bradycardia, irritability, temperature instabil-
ity, and hypotension/hypoperfusion. In fulminant NEC, metabolic acidosis, respiratory failure, and disseminated 
intravascular coagulation can be seen.

Laboratory Evaluation

Stool, urine, blood, and CSF cultures are part of the work up for NEC. Laboratory fi ndings in NEC may include 
hyponatremia, neutropenia, or leukocytosis with a left shift, thrombocytopenia, abnormal coagulation studies, and 
positive blood or CSF cultures. Other fi ndings consistent 
with the disease are an abnormal bowel gas pattern sugges-
tive of ileus, bowel wall edema, and a fi xed loop. A careful 
review of serial radiographs is  often necessary. Pneumatosis 
intestinalis, which indicates gas within the subserosal bowel 
wall, is pathognomonic ( Figure 10-11). Portal or hepatic ve-
nous gas, associated with an increased mortality rate, can be 
visible in fulminant NEC. A left lateral decubitus or a cross-
table lateral fi lm is of help in determining whether intestinal 
perforation with pneumoperitoneum has occurred.

Differential Diagnosis
Th e diff erential diagnosis of NEC includes sepsis or pneu-
monia with a resultant ileus, focal intestinal perforation, 
and other causes of a surgical abdomen such as malro-
tation, volvulus, perforation, and infectious enterocolitis. 
Early diagnosis is an important factor in the outcome, and 
it is important to maintain a high index of suspicion in a 
susceptible population.

Management
Treatment should be initiated promptly when signs and 
symptoms suggestive of NEC are present. Because the 

FIGURE 10-11. Abdominal radiograph of a patient 
with necrotizing enterocolitis. Courtesy of Richard 
Barth, M.D., Division of Pediatric Radiology, Stanford 
University.
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condition varies in severity from a mild GI disturbance to a fulminant disease, specifi c treatment should be 
based on the severity of the clinical manifestations. Commonly, treatment for NEC includes:

• Bowel rest with a nasogastric tube.
• Intravenous fl uid resuscitation to replace “third-space” losses and maintain adequate urine output (gener-

ally more than 2 mL/kg/hr).
• Hyperalimentation to maintain adequate nutrition.
• Administration of broad-spectrum antibiotics following the culturing of stool, urine, blood, and CSF, 

usually for a minumum of 7 to 14 days.
• Intubation, mechanical ventilation, and ABG monitoring, when respiratory distress and shock accom-

pany NEC.
• Ongoing blood pressure support may necessitate volume boluses or inotropic agents such as dopamine.
• Correction of metabolic acidosis and coagulopathy due to necrotic bowel.
• Surgical intervention. (Th e only absolute indication for surgical intervention is pneumoperitoneum. 

However, pneumoperitoneum is underrecognized radiographically, leading many surgeons to operate 
when a progressive clinical deterioration occurs despite medical therapy.)

FOLLOW-UP OF THE NURSERY GRADUATE
As smaller and sicker infants survive as a result of advances in obstetric and neonatal care, the risk of chronic sequelae 
rises. Follow-up studies of infants born in the modern era of NICU care in the 1960s document a signifi cant decrease 
in adverse neurodevelopmental outcomes. More recent studies show a continued decrease in mortality. However, the 
incidence of adverse neurodevelopmental outcome has remained unchanged, resulting in an increase in the absolute 
number of impaired survivors. Most NICU survivors are without severe handicaps but require substantial interven-
tion to achieve an optimal outcome. Th e evidence that educational enrichment during infancy and early childhood 
might improve the outcome of high-risk infants, especially those from disadvantaged groups, is increasing.

Management of the postdischarge care of NICU graduates may be beyond the skill and expertise of some 
primary care providers. Th us, a neonatal follow-up program is an important part of every modern NICU, which 
provides an extension of the specialized care provided in the NICU and eases the transition to the home envi-
ronment. Th e areas targeted for monitoring and intervention are growth and nutrition, neurologic development, 
psychomotor development, and vision and hearing. Th e central focus is enhancement of the functioning of 
newborns and families. Some issues that are commonly encountered at and following discharge include growth, 
CLD, neurodevelopmental assessment, retinopathy of prematurity (ROP), and hearing screening.

Growth Restriction
Extra-uterine growth restriction (EUGR) occurs in as many as 50% of very low birth weight (VLBW), or birth 
weight less than 1,500 grams infants and is also common in infants with NEC, and cardiac disease. NICU gradu-
ates may be diffi  cult to feed because of tiring, have problems with regulation of state of arousal, or require the ad-
ministration of multiple medications. Prolonged inadequate nutrition has a signifi cant eff ect on brain growth and 
neurodevelopmental outcome. To promote growth, neonatal nutrition must be optimized. High-calorie formulas, 
 particularly with increased protein content, are necessary for infants with obvious growth delays. Registered dieticians 
with NICU experience frequently review feeding practices and make recommendations to physicians and parents.

Catch-up growth normally occurs in the fi rst 2 to 3 years of life. When plotting growth percentiles on 
standardized charts, correction for gestational age should be made during the fi rst 2 years of life.

Chronic Lung Disease
After discharge, infants with CLD require close monitoring of respiratory status, including visits for drug and 
electrolyte levels, pulse oximetry, and blood gases. Approximately 50% of infants with CLD require rehospi-
talization during the fi rst year of life. CLD usually improves by 2 years of age, although more subtle long-term 
changes in pulmonary function persist for longer.

Neurodevelopmental Delay
Infants most at risk for neurodevelopmental problems are those with severe asphyxia, periventricular hemor-
rhage (grades 3 and 4), meningitis, neonatal seizures, IUGR, EUGR, CLD, multiple congenital anomalies, 
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and VLBW. Many of these infants have transient neurologic abnormalities such as hypotonia or hypertonia. 
Identifi cation of major neurologic problems is usually possible in the latter half of the fi rst year of life—earlier if 
they are severe. Major neurodevelopmental handicaps are generally classifi ed as cerebral palsy (spastic diplegia, 
spastic quadriplegia, spastic hemiplegia, or paresis), hydrocephalus, blindness, seizures, or deafness.

To assess the severity of neurodevelopmental problems, the Bayley Scales of Infant Development, the 
most common psychomotor evaluation used in high-risk children, is helpful. Usually, the reported percentage of 
premature infants with abnormal scores is 5% to 20%, but recent studies have found abnormal scores at 2 years 
of age in 37% of infants with birth weights of less than 1,000 g. Th ese children have more neurologic dysfunc-
tion, lower intelligence quotients, and more behavioral diffi  culties than other NICU graduates. Even in VLBW 
children with normal intelligence, subtle neuroperceptual abnormalities that may result in school problems have 
been documented.

Retinopathy of Prematurity
ROP, a developmental problem of the incompletely vascularized retina that occurs in premature infants, may 
result in a range of outcomes varying from normal vision to blindness. Th e normal development of the retina is 
interrupted. Beginning at 15 to 18 weeks’ gestation, the retinal vessels normally grow outward from the ora ser-
rata. An injury such as hyperoxia or asphyxia may arrest this development. After the initial injury, proliferation 
of vessel growth in an abnormal fashion may form a ridge of tissue, which may either regress or worsen with the 
growth of fi brovascular tissue into the vitreous. With contraction of the neovascular tissue, the retina becomes 
distorted, forming a scar that may result in retinal detachment. Th is type of retinal detachment was formerly 
known as retrolental fi broplasia (RLF). 

Which infants will experience regression or progression of the retinopathy is unclear, but some investiga-
tors have suggested that chronic hypoxia is a risk factor. Recent data analyses suggest that keeping the SpO

2
 

greater than 95% for infants with early ROP may prevent the need for laser surgery. Regular retinal examination 
beginning at 4 weeks of age, or 31 weeks PMA (whichever comes later) is necessary for all infants born before 
completing 30 weeks’ gestation, and for select infants 30 to 34 weeks’ gestation who were exposed to oxygen. At 
that time, information is recorded on the location, extent, and severity of retinal changes. Even infants with mild 
disease have a higher incidence of myopia, strabismus, and amblyopia.

Th e strongest predictors of ROP have always been gestational age and birth weight. Studies have found 
that ROP occurs in 66% of all premature infants with birth weights of less than 1,250 g, with 6% requiring 
laser photocoagulation to prevent retinal detachment. Laser retinal ablation is proven to reduce the incidence 
of poor visual outcome. Blindness due to ROP occurs in approximately 1% to 2% for infants with birth weights 
of less than 1,000 g.

Sensorineural Hearing Loss
NICU graduates have a substantial risk of sensorineural hearing loss. Th e numerous risk factors for hearing loss 
include gestational age less than 35 weeks, hyperbilirubinemia requiring exchange transfusion, ototoxic drugs, 
congenital viral infections, hyperventilatory alkalosis, and neurologic injury (e.g., intracranial hemorrhage, 
seizures, meningitis, or asphyxia). Generally, at-risk infants undergo a screening auditory brainstem–evoked 
 response test prior to discharge, and periodic hearing examinations during the fi rst 2 years of life. Th e incidence 
of hearing impairment is approximately 10% in infants with birth weights of less than 1,000 g.
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Clinical genetics, a pediatric subspecialty, poses unique challenges. Because of the generalized nature of most 
genetic diseases, which aff ect many organ systems, the clinical geneticist must fi rst be a generalist and then a 
subspecialist. In addition, contact with children with genetic diseases and congenital malformations can be a 
daunting experience for students. Individuals with genetic disorders are often very sick and may be disfi gured in 
appearance. Finally, because these disorders often occur in infants born to parents who are about the same age 
as the medical student, dealing with these families may be psychologically diffi  cult.

Congenital malformations are defi ned as clinically signifi cant abnormalities in either form or function. 
Malformations result from a localized error in morphogenesis, an event that usually occurs early in the fi rst 
trimester of pregnancy. Malformations diff er from deformations; in deformations, early morphogenesis has 
progressed normally, but environmental factors, often external to the fetus, disturb the normally developing 
tissue. Th us, the presence of a malformation such as a cleft palate implies an abnormality that occurred during 
embryonic life, whereas a deformation such as congenital dislocation of the hip results from disturbances dur-
ing the second or third trimester or, in some cases (e.g., dolichocephalic head shape in premature infants), even 
during early postnatal life. It is important to distinguish between these two conditions for prognostic reasons. 
Malformations often require aggressive surgical or medical management, whereas deformations often resolve on 
their own once the disturbing environmental force has been removed.

A malformation sequence occurs when a single malformation leads to other structural changes as a result 
of later, related developmental consequences. One example of such a disorder is the Pierre Robin malformation 
sequence, in which a single primary malformation, the failure of growth of the mandible during the fi rst few 
weeks of gestation (micrognathia), results secondarily in a U-shaped cleft palate and glossoptosis (the presence 
of a posteriorly displaced tongue that falls backwards and obstructs the airway).

A malformation syndrome, which is defi ned as a recognizable pattern of anomalies that results from a single 
identifi able underlying cause, may involve a series of malformations, malformation sequences, and deformations. For 
example, in infants with Down syndrome, malformations of the central nervous system (CNS), craniofacies, heart, 
and limbs all result from the presence of an extra copy of chromosome 21 in every nucleated cell of the body.

An association diff ers from a syndrome because, although recognizable patterns of malformations appear 
repetitively, no common unifying cause of the pattern is yet known. For example, although certain features such 
as vertebral anomalies, anal atresia, cardiac defects, tracheoesophageal fi stula, renal anomalies, and limb anoma-
lies (VACTERL) occur more commonly together than would be expected by chance, no single causative agent 
has been identifi ed.

Only about 50% of all infants in whom multiple congenital anomalies are present ultimately receive a diag-
nosis of an identifi able etiology or a particular malformation syndrome. Confi rmation of a syndromic diagnosis 
is important for three reasons.

1. Identifi cation of a diagnosis guides the physician during the remainder of the child’s evaluation. Knowl-
edge that specifi c internal malformations may be associated with the identifi ed disorder, as well as infor-
mation concerning the natural history of the entity, allows the physician to anticipate problems before 
they become evident.

2. Confi rmation of a diagnosis improves communication between the physician and the family. It allows 
the parents, through a better understanding of the natural history of their child’s disorder, to make in-
formed decisions.
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3. Confi rmation of a diagnosis allows for proper genetic counseling, off ering the parents an accurate recur-
rence risk and the potential for prenatal diagnosis in future pregnancies.

APPROACH TO THE CHILD WITH CONGENITAL MALFORMATIONS
Unfortunately, congenital malformations are not rare in children. Approximately 3% of all infants born in the 
United States each year have one or more birth defects that are discovered during the neonatal period. Th is fi g-
ure is closer to 7% to 8% in a population of 1-year-old children, because some malformations such as congenital 
heart and renal anomalies remain clinically silent during the newborn period, only to manifest themselves later 
in the fi rst year of life. Finally, it has been estimated that as many as 40% to 50% of all admissions to pediatric 
services are for children with congenital malformations. Th is section will provide a framework for evaluating 
children with one or more congenital malformations.

Clinical and Laboratory Evaluation
History

Infants do not begin their life histories at the time of birth. During the 38 weeks of intrauterine life, they have 
been growing and developing, and a great deal of information can be obtained about their health through careful 
questioning of the mother about her pregnancy (Table 11-1).

 TABLE 11-1

Approach to the Dysmorphic Child: History

Questions about the Parents

How old are they?
  How many previous pregnancies did the mother have? Did she have any spontaneous abortions? Was 

there neonatal demise?
 Did the mother work outside the home during the pregnancy? Was she exposed to toxic chemicals?
 Does the mother have any underlying medical conditions (e.g., diabetes mellitus, seizure disorder)?

Did the mother take any medications during the pregnancy?

Did the mother smoke cigarettes or use alcohol or other drugs during the pregnancy?

How much weight did the mother gain during the pregnancy?

Questions about the Pregnancy

When did quickening occur? Was the pregnancy conceived naturally?

Were fetal movements active (as compared with previous pregnancies)?

Was any special testing performed (e.g., amniocentesis, chorionic villus sampling, sonography)?

Did mother have illnesses (e.g., infections, fever)?

Questions about Delivery

Was the infant full term, premature, or postmature?

Was the infant’s size normal, large, or small (for gestational age)?

Were there any complications in the delivery room or nursery?

Questions about Family History

Does a complete pedigree contain any evidence of past congenital malformations, similar or dissimilar 
anomalies, neonatal demise, or pregnancy loss?
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Physical Examination

While examining the child, the examiner should note all features, both those that appear normal and those that 
appear abnormal. Th is review highlights those features in which clues for the diagnosis of congenital malforma-
tion syndromes are most likely to be found.
general appearance. First, the clinician should carefully measure height and weight and plot the values on 
appropriate growth curves. Th is information helps categorize the underlying problem. Growth that is appropri-
ate for age is consistent with the presence of a single gene disorder, a multifactorially inherited condition, or, 
most commonly, no genetic disease. Growth restriction, whether beginning pre- or postnatally, may result from 
a chromosomal abnormality or exposure to toxic, teratogenic agents. Finally, a larger-than-expected size suggests 
an overgrowth syndrome (e.g., Sotos cerebral gigantism or Beckwith-Wiedemann syndrome), or, in the new-
born, a diabetic mother. Th e practitioner should also assess the child’s body habitus. Is the child proportionate? 
If not, are the arms and legs too short for the head and trunk, implying the presence of a short-limbed bone 
dysplasia such as achondroplasia? Are the trunk and head too short for the extremities, suggesting a disorder 
aff ecting the vertebrae, such as spondyloepiphyseal dysplasia?
craniofacies. Careful examination of the craniofacial region is of crucial importance in the diagnosis of many 
congenital malformation syndromes. Th e head circumference should be carefully measured and plotted on an 
appropriate growth curve. It is also important to describe the overall shape of the skull. Is the child normo-
cephalic? Is the head long and thin (dolichocephalic) or short and wide (brachycephalic)? Is the head lopsided 
(plagiocephalic)?

Pediatric Pearl: It is never helpful to describe a child’s face as “funny-looking.” The clini-
cian should attempt to carefully describe what makes the facial features unusual.
Pe
cia

Next, the examiner should concentrate on the face. An assessment of facial symmetry is essential. Asym-
metry may be due to either a deforming process related to the intrauterine position of the fetus or malformations 
of one side of the face. For purposes of examination, the clinician may divide the infant’s face into four regions 
and evaluate each region separately (Figure 11-1). Assessment of the forehead for both overt prominence (as is 
the case in achondroplasia) and defi ciency (described as a sloping appearance, as occurs in children with prima-
ry microcephaly) is necessary. Examination of the midface, the region extending from the eyebrows to the upper 
lip and from the outer canthi of the eyes to the commissures of the mouth, is especially important.  Assessment 

Forehead

Malar

Midface

Mandible

FIGURE 11-1. Th e four regions of the face.
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of the distance between the eyes (inner canthal distance and interpupillary distance) confi rms the presence of 
hypotelorism (eyes that are too close together, suggestive of an associated defect in midline brain formation) 
or hypertelorism (eyes that are too far apart). Measurement of the length of the palpebral fi ssures (measured 
from inner canthus to outer canthus) determines whether these structures are short (as in fetal alcohol spectrum 
disorder) or excessively long (as in the Kabuki syndrome).

Th e obliquity (or slant) of the eyes in either an upward (Down syndrome) or a downward (Treacher  Collins 
syndrome) direction; the presence of epicanthal folds (Down syndrome or fetal alcohol spectrum  disorder); the 
height of the nasal bridge (fl at in Down, fetal alcohol, and other syndromes, and raised in velocardiofacial 
 syndrome); the length of the philtrum (which should have a central depression surrounded by two pillars); and 
the upper vermilion border (the pink part of the lip) should be noted and recorded.

Th e third portion of the face to be examined, the malar region, extends bilaterally from the ear into the 
midface. It is essential to evaluate the ears; the clinician should measure their maximal length and plot the 
values on a growth curve. It is also necessary to examine the position of the ears; so-called “low-set” ears end 
below a line extended laterally from the outer canthus of the eye. Ears may be low set because they are microtic 
(unusually small) or because of anomalies of the mandibular region of the face. Description and notation of the 
architecture of each ear is essential.

Th e fi nal portion of the face that warrants evaluation is the mandibular region, the area contained between 
the lower portion of both ears, including the mouth. Th e mandible should normally be slightly retruded in 
newborns; when viewed in profi le, it should end slightly behind the level of the philtrum and upper lip. If this 
retrusion is exaggerated, the infant might be aff ected with micrognathia, a feature of the Pierre Robin malfor-
mation sequence.
extremities. Anomalies of the extremities are common features of a vast number of congenital malformation 
syndromes. Th e pediatrician should conduct a brief examination of all joints. Th e presence of single or multiple 
contractures suggests either intrinsic neuromuscular dysfunction, as in the case of some forms of muscular dys-
trophy, or external deforming forces. Inability to pronate and supinate the elbow suggests radioulnar synostosis, 
an anomaly that occurs in fetal alcohol syndrome and in some of the X chromosome aneuploidy syndromes.

Close examination of the hands is extremely important. Polydactyly (extra digits) most often occurs as an 
isolated but fairly common autosomal dominant trait, but it can also be a prominent feature of a syndrome such as 
trisomy 13. In contrast, oligodactyly, a defi ciency in the number of fi ngers or toes, is a less common fi nding. It may 
be part of a more severe limb reduction defi ciency disorder, as occurs in patients with Fanconi syndrome, or may be 
secondary to an intrauterine amputation, as is the case in the amniotic band disruption sequence. Another disorder 
of the extremities, syndactyly (a joining of two or more digits) is fairly common in a number of syndromes.
genitalia. When examining the male genitalia, the clinician should briefl y observe the penis and scrotum. If 
the penis appears short, measurement of penile length is necessary, and the practitioner should plot it on an 
appropriate growth curve. Ambiguity of the genitalia should suggest the presence of either an endocrinologic 
disorder such as congenital adrenal hyperplasia, a chromosomal disorder such as 45,X/46,XY mosaicism, or an 
inherited syndrome.

Hypospadias is a common congenital malformation, occurring in approximately 1 in 300 newborn males. 
Th is is most often an isolated malformation, but if it occurs in the presence of other anomalies, the possibility 
that the child is aff ected with a syndrome warrants consideration.

Laboratory Evaluation

In most children with multiple congenital anomalies, only a limited number of laboratory tests are necessary.

Pediatric Pearl: Karyotype analysis is warranted in any child who has three or more detected 
abnormalities.
Pe
ab

Chromosome analyses are not indicated in the infant with an isolated cleft lip or palate unless other mal-
formations are present. Chromosome analysis can be performed using three types of cells:

1. Peripheral blood lymphocytes stimulated to divide by use of mitogenic agents. Because this requires 2 
to 3 days in culture, results are not available for at least 72 hours.

2. Skin fi broblasts. Results from fi broblast cultures usually require 2 to 3 weeks.
3. Bone marrow cells, which, because they are already rapidly dividing, can be analyzed immediately and 

yield results within 1 day.
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Th e urgency of the situation dictates the type of cells used. When it is necessary to make critical manage-
ment decisions, as in a child with features of trisomy 13 or 18, a bone marrow sample may be indicated. In the 
child with features of trisomy 21 or in whom no clear diagnosis is evident, peripheral blood lymphocytes are 
usually studied.

Any child with evident multiple external malformations should also have a careful evaluation to rule out the 
presence of associated internal malformations. Ultrasound evaluations of the head and abdomen are warranted; 
a chest radiograph, electrocardiogram, and echocardiogram are indicated in any child with anomalies who has 
an audible heart murmur or syndrome with a known risk for cardiac anomalies (e.g., Down syndrome).

In addition, specialized testing such as fl uorescent in situ hybridization or direct DNA testing is neces-
sary in the child suspected of having a syndrome known to be associated with a specifi c chromosome deletion 
(e.g., Prader-Willi syndrome, which is associated with deletion of chromosome 15q11.2) or a known single 
gene defect (e.g., fragile X syndrome, which is associated with a failure to express the FMR1 gene on the 
X chromosome).

Th e use of DNA-based microarray technology is quickly becoming the standard of care in the evalua-
tion of children with multiple congenital anomalies, developmental delay, and/or autism. Th is test, known as 
chromosomal microarray analysis or array comparative genomic hybridization (aCGH), is used to compare 
the amount of DNA at thousands of loci throughout the genome between a patient and a control subject, and 
can thereby diagnose chromosomal microdeletions and microduplications too small to be seen on a standard 
karyotype. In this way, many known deletion/duplication syndromes such as Prader-Willi syndrome can be di-
agnosed, in addition to novel copy number changes anywhere throughout the genome. However, balanced chro-
mosomal translocations will not be detected by this test, which relies on changes in copy number, and therefore 
performing a karyotype in addition to aCGH is still recommended.

Diagnosis
Although the presence of characteristic fi ndings may sometimes make the defi nitive diagnosis of a malforma-
tion syndrome simple, in the majority of cases no specifi c diagnosis is immediately evident. Some constellations 
of fi ndings are rare, and fi nding a “match” may prove diffi  cult. In many cases, all laboratory tests are normal, and 
confi rmation relies on subjective fi ndings. Clinical geneticists have attempted to resolve this problem by the de-
velopment of scoring systems, cross-referenced tables of anomalies that allow the development of a diff erential 
diagnosis, and computerized diagnostic programs.

Making an accurate diagnosis is important for three reasons. One, it off ers an explanation for why the child 
was born with specifi c problems. Often, before a diagnosis is made, parents feel that in some way they were 
directly responsible for their child’s problem. Providing a diagnosis often allays this guilt. Two, a correct diag-
nosis allows the physician to provide anticipatory guidance. Because the natural history of so many disorders is 
known, the health care provider can perform screening to check for problems known to occur in that condition, 
and at the same time, often reassure the parent about other complications that have not been reported previously. 
Th ree, an accurate diagnosis allows the pediatrician to provide genetic counseling concerning future progeny, 
when available. In addition, referral for prenatal testing may occur early in subsequent pregnancies.

Once a diagnosis is made, the clinician can provide the family with a wealth of educational material. Th e 
World Wide Web has become an important source of such information (Table 11-2). However, because the 
Web is not subject to editorial control, some of the information is inaccurate or inappropriate. Th erefore, it is 
essential that the clinician screen the sites before encouraging a family to seek Web-based information. A good 
screening tool is the Web site of the National Organization for Rare Disorders. Because the fi eld of medical ge-
netics is expanding so rapidly, it is also diffi  cult to remain current regarding the availability of testing for specifi c 
conditions. Th e GeneTests Web site, which provides constantly updated information regarding such testing, has 
become indispensable.

CHARACTERISTICS OF SOME GENETIC AND CONGENITAL MALFORMATION 
SYNDROMES
Congenital malformations can be classifi ed into fi ve categories (Table 11-3):

1. Chromosomal disorders, which account for 7% of all anomalies
2. Single gene disorders, which demonstrate Mendelian inheritance patterns and account for another 7% 

of the total
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 TABLE 11-2

Web Sites with Information About Common Genetic Disorders

General Sites

• Online Mendelian Inheritance in Man (OMIM)
http://www.ncbi.nlm.nih.gov/omim/searchomim.html
 Maintained by McKusick–Nathans Institute for Genetic Medicine at Johns Hopkins University. Each 
entry contains a bibliography of all articles published in the medical literature about a given condition.

• Gene tests
http://www.genetests.org
Provides updated information on testing for specifi c genetic diseases

Patient Resources

• National Organization for Rare Disorders (NORD)
http://www.rarediseases.org
 A clearinghouse for information about genetic conditions, which allows clinicians to search its database 
and fi nd appropriate disease-specifi c Web sites. It provides links to support groups for specifi c conditions.

• Online Genetic Support Groups Directory
http://www.mostgene.org
Provides alphabetical list of genetic disorders

Common Genetic Conditions and their Web Sites

• Achondroplasia and other bone dysplasias
Little People of America (LPA): http://www.lpaonline.org

• Spina bifi da and other neural tube defects (information on latex allergy)
Spina Bifi da Association of America (SBAA): http://www.sbaa.org

• Cystic fi brosis
Cystic Fibrosis Foundation (CFF): http://www.cff .org

• Down syndrome
http://www.nas.org
(Th ere are several good sites, but this is a good place to start.)

• Cleft lip, cleft palate, and other craniofacial disorders
Wide Smiles: http://www.widesmiles.org

• Fragile X syndrome
FRAXA Research Foundation: http://www.fraxa.org

• Marfan syndrome
National Marfan Foundation: http://www.marfan.org

• Duchenne muscular dystrophy and other forms of muscular dystrophy
Muscular Dystrophy Association (MDA) USA: http://www.mdausa.org

• Neurofi bromatosis
National Neurofi bromatosis Organization: http://www.nf.org
(Although most of the information listed is about neurofi bromatosis type 1, there are mention of other 
forms as well.)

• Prader-Willi syndrome
Prader-Willi Syndrome Association (PWSA): http://www.pwsausa.org

• Velocardiofacial syndrome (DiGeorge syndrome)
Velocardiofacial Syndrome (VCFS) Education Foundation: http://www.vcfsef.org

(Continued)
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 TABLE 11-2

Web Sites with Information About Common Genetic Disorders (Continued)
• Williams syndrome

Williams Syndrome Association: http://www.williams-syndrome.org

• Organic/Amino acidemias
Organic Acidemia Association (OAA): http://www.oaanews.org

• Mucopolysaccharidoses, including Hunter, Hurler, Morquio, and other mucopolysaccharidoses
National Mucopolysaccharidosis (MPS) Society: http://www.mpssociety.org

3. Multifactorially inherited disorders, which result from an interplay of genetic and environmental factors, 
and account for 20% of all congenital anomalies

4. Teratogenically induced disorders, caused by exposure of the conceptus to a toxic environmental agent, 
accounting for 7%

5. Unknown causes, which presently account for 50% of all malformations

Because so many genetic disorders exist, only a handful of representative conditions will be discussed.

Chromosomal Disorders
Normal cells of humans contain 46 chromosomes. Th e chromosomes may be divided into two major types: the 
44 autosomes and the 2 sex chromosomes. Occurring in pairs and numbered from 1 (the largest) to 22 (the 
smallest), autosomes are indistinguishable in males and females, who are genetically distinguished on the basis 
of their complement of sex chromosomes. Males have an X and a Y chromosome, and females have two X 
chromosomes.

Autosomal Aberrations

Th e impression that a chromosomal defect is present is strengthened by the presence of a group of cardinal 
features that are frequently found in such individuals, including

• Growth retardation, which may begin in utero
• Developmental retardation, which is often profound
• Structural defects of the craniofacies, CNS, and cardiovascular system, as well as other internal organ 

systems

For each of the common autosomal chromosomal aberration syndromes, a defi nite pattern of malforma-
tions is known to occur. However, although the karyotype may be the same from individual to individual, strik-
ing variability in expression may exist.

 TABLE 11-3

Classifi cation of Congenital Malformationsa

Causes Number (%)

Single gene mutations 8,400 (7.5%)

Chromosomal abnormalities 6,720 (6.0%)

Multifactorially inherited conditions 22,400 (20.0%)

Teratogenically induced conditions 7,200 (6.5%)

Unknown causes 67,200 (60.0%)

a Total number of births in 1987 was 3,600,000, of which there were 112,000 (3%) infants with malformations.

770309_Ch_11.indd   257770309_Ch_11.indd   257 5/6/11   12:56:27 PM5/6/11   12:56:27 PM

http://www.williams-syndrome.org
http://www.oaanews.org
http://www.mpssociety.org


258   SECTION II ■ PEDIATRIC SUBSPECIALTIES

trisomy  (down syndrome). Th is disorder, the most com-
mon and best known of all cytogenetic aberrations, occurs in 1 
in every 800 births. Although the cause of the entity is always 
an extra copy of chromosome 21, the confi guration of that extra 
chromosome is not always the same. In 92.5% of cases, straight-
forward trisomy 21 occurs. In 4.5% of cases, the extra chromo-
some is part of a Robertsonian translocation, a rearrangement 
of chromosomal material in which one chromosome 21 is at-
tached to another chromosome (most commonly chromosome 
14). In approximately 3% of cases, mosaicism occurs; there are 
two separate populations of cells, one with trisomy 21, and the 
other with a normal chromosome complement. Although it is 
widely believed that individuals with mosaic Down syndrome are 
more mildly aff ected, there are wide variations in clinical fi ndings 
in mosaic individuals.

Th e diagnosis of Down syndrome is nearly always made in 
the newborn period. Aff ected children, who are often of normal 
birth weight and length, are strikingly hypotonic. Th is fl oppiness 
causes them to feed poorly and to seem less active than other 
babies. In addition to the hypotonia, several other external and 
internal characteristics are present (Tables 11-4 and 11-5). Th e 
facial appearance of aff ected children is striking (Figure 11-2).

Life expectancy fi gures in individuals with Down syndrome 
are diffi  cult to cite with confi dence. In the past, premature death resulting from infectious diseases such as hepa-
titis was not uncommon, because many such children were placed in institutions at birth. With better care and 
with more aggressive treatment of congenital heart defects, it is expected that long-term survival will occur in 
the majority of children born with Down syndrome.

Although the cause of Down syndrome is well-known, the reason for the nondisjunction that leads 
to trisomy 21 remains a mystery. Down syndrome is commonly associated with advanced maternal age, 

FIGURE 11-2. Facial features of an indi-
vidual with Down syndrome. From Gelehrter 
TD, Collins FS: Principles of Medical Genetics. 
 Baltimore, Williams & Wilkins, 1990, p 173.

 TABLE 11-4

External Characteristics of Children with Down Syndrome

Craniofacial Abnormalities

Hypoplastic midface

Flattened nasal bridge

Eyes
Upward slanting palpebral fi ssures
Epicanthal folds (fl aps of skin) covering inner canthi of eyes
Irides with speckled appearance caused by Brushfi eld spots

Flat occiput, causing brachycephalic appearance with fl attened facial profi le

Large tongue, often protruding from mouth

Flattened upper part of helices of ears

Extracranial Findings

Shortening of hands and fi ngers (brachydactyly) (most striking in fi fth fi nger)

Simian crease (single crease across palm of hand) (50%)

Skin usually doughy in consistency

(Males only) Small penis (often)
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though exactly why this may lead to aberrant chromosomal development is not understood. It is currently 
recommended that prenatal screening and diagnostic testing be off ered to all pregnant women, regardless 
of age, because of advances in the sensitivity, specifi city, and safety of available tests. 

Th ere is some misunderstanding about the relationship between Down syndrome and maternal age. Only 
25% of all children with Down syndrome are born to women older than 35 years of age. However, only 5% of 
all infants are born to these older women, so their risk of giving birth to a child with Down syndrome increases 
strikingly. Advanced paternal age appears to have little eff ect on the risk of trisomic births. In fact, researchers 
have recently shown that 89% of cases of trisomy 21 appear to result from nondisjunction occurring in either 
the fi rst or second meiotic division in the ovum.

Several options exist for women wishing to have prenatal screening to identify those pregnancies most 
likely to be at risk for chromosomal abnormalities. Women can have fi rst-trimester screening, consisting of 
blood testing for pregnancy-associated plasma protein A (PAPP-A), which is typically reduced and human cho-
rionic gonadotrophin (hCG), which is elevated in Down syndrome, and of ultrasound measuring fetal nuchal 
translucency (NT; the fl uid-fi lled space behind the neck). Th e advantage of this testing is that the woman has 
her test results early in the pregnancy. An alternative is integrated testing, incorporating the NT measurement 
and PAPP-A level in the fi rst trimester with the measurement of maternal serum α-fetoprotein, unconjugated 
estriol, inhibin A, and chorionic gonadotrophin in the second trimester; test results are not available until the 
second trimester. Others choose sequential testing, where integrated testing is performed, but the results from 

 TABLE 11-5

Internal Malformations in Children with Down Syndrome
Congenital heart disease (40%)

Atrioventricular canal

Ventricular septal defect, atrial septal defect

Valvular disease

Gastrointestinal defects (10%)

Duodenal atresia

Tracheoesophageal fi stula

Annular pancreas

Imperforate anus

Hirschsprung disease

Growth retardation (90%)

Developmental retardation (99%)

Mental retardation (primarily moderate; may range from borderline to profound)

Neurologic defects (99%)

Hypotonia

Seizures (10%)

Presenile dementia (as early as third decade)

Endocrinologic abnormalities

Hypothyroidism or hyperthyroidism (20%)

Infertility in males (100%)

Hematologic abnormalities

Leukemoid reaction during neonatal period

Leukemia (all types) (risk increased >20-fold)

Skeletal abnormalities

Joint hypermobility

Atlantoaxial instability (10%–15%)

Osteoarthritis of cervical spine
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the fi rst-trimester component are released to the couple, allowing for earlier diagnostic testing if desired. Th ese 
screening tests are not defi nitive; they simply identify which women are at increased risk for having a child with 
Down syndrome. It is now recommended that amniocentesis or chorionic villus sampling, the more defi nitive 
tests for identifi cation of fetal chromosomal abnormalities, be off ered to all pregnant women who desire them, 
and particularly discussed with women at increased risk.

After the birth of a child with Down syndrome, the recurrence risk for future pregnancies depends 
on cytogenetic fi ndings. With trisomy 21, the chance for recurrence based on empiric observation is ap-
proximately 1% for subsequent pregnancies (added to the age-specifi c risk); this risk is not just for Down 
syndrome but also for trisomy 18 or 13. If a translocation is discovered, it is essential that the karyotype of 
both parents be ascertained. Approximately two-thirds of the time, it turns out that the translocation has 
arisen de novo (a spontaneous event; the empiric recurrence risk following such an event is approximately 
1%). In one-third of cases, one of the parents has a balanced translocation. Th is fi nding is often, but not 
always, accompanied by a history of recurrent pregnancy loss. Th e recurrence risk depends on which parent 
carries the translocation: If the mother is the carrier, the risk of recurrence is 10% to 15%; if the father is 
the carrier, the recurrence risk is only 2% to 5%.
trisomy  (edwards syndrome). Trisomy 18, which occurs in approximately 1 in 5,000 live births, is the 
second most common autosomal trisomy. Unlike Down syndrome, trisomy 18 is almost universally lethal; less 
than 10% of aff ected individuals survive until their fi rst birthday. Although survival into adolescence has been 
documented, such longevity is rare and is associated with severe or profound mental retardation and innumer-
able medical problems. As a result of the bleak prognosis, once the diagnosis has been confi rmed, most authori-
ties favor limiting the use of medical interventions for the prolongation of life.

Children with trisomy 18 have a characteristic appearance: small-for-gestational age, hypertonia, a char-
acteristic facial appearance, and an unusual hand posture. More than 130 additional malformations have been 
reported. In addition, aberrant gestational timing occurs in trisomy 18. One-third of infants are born prematurely, 
another one-third are postmature. Information regarding recurrence risk and recommendations for genetic coun-
seling are the same as for Down syndrome.
trisomy  (patau syndrome). Trisomy 13, which occurs in about 1 in 10,000 live births, is also nearly always 
lethal during fetal or early postnatal life. Aff ected infants have numerous malformations. Th ey are small-for-
gestational age and microcephalic. Th e midline facial anomalies, including cyclopia (single orbit), cebocephaly 
(single nostril), and clefts of the lip and palate that are often seen, are associated with midline defects of the 
brain such as alobar holoprosencephaly (failure of the cerebrum to divide into right and left hemispheres, result-
ing in a single cerebral holosphere). Th e forehead is sloping, the ears are small and malformed, and microphthal-
mia (small eyes) or anophthalmia (no eyes) occur. Th e hands show postaxial polydactyly and abnormal palmar 
creases, and the feet are malformed, usually with a clubfoot or rocker bottom deformity. Males have hypospadias 
and cryptorchidism, and females have hypoplasia of the labia majora. Internally, numerous malformations are 
encountered, including congenital heart disease, a nearly constant fi nding. Like the other autosomal trisomies, 
trisomy 13 is associated with advanced maternal age. Recurrence risk is similar to that of Down syndrome.
deletion p syndrome (cri-du-chat or cat’s cry syndrome). Th e cause of this syndrome is a deletion 
of part of the short arm of chromosome 5. Beginning in the newborn period and continuing through the fi rst 
few months of life, children aff ected with this disorder have a striking cat-like cry that is caused by laryngeal 
hypoplasia. Other clinical features include low-birth weight and postnatal failure to thrive; hypotonia and de-
velopmental delay; microcephaly; and craniofacial dysmorphism, including ocular hypertelorism, epicanthal 
folds, downward obliquity of the palpebral fi ssures, and low-set malformed ears. Clefting of the lip and palate, 
congenital heart disease, and other malformations are occasionally seen.

Th e clinical severity of cri-du-chat syndrome appears to correlate with the size of the deletion: the larger 
the deletion, the more severe the expression. Most cases arise de novo. When such is the case, the deletion 
usually occurs in the copy of chromosome 5 inherited from the father. Th is fi nding is believed to be due to the 
phenomenon of imprinting.

Sex Chromosome Aberrations

Unlike the syndromes caused by anomalies of the autosomal chromosomes, sex chromosome abnormalities tend 
to be subtle and may remain undetected during early life. No generalizations can be made about the phenotype 
of such individuals; birth weight is frequently normal; external examination usually reveals no anomalies; and 
except for the genitourinary tract, internal anomalies are often not present. Sex chromosome anomalies are most 
often detected during the early teenage years because of the failure of aff ected individuals to begin puberty at 
the appropriate time.
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Pediatric Pearl: It is important that patients newly diagnosed with Turner syndrome, 
Klinefelter syndrome, and related disorders receive appropriate and ongoing psychologic 
counseling for two reasons: (1) the later time of diagnosis and (2) the sensitive nature of 
the problems caused by such disorders.

Pe
Kl
co

turner syndrome (,x). Th e entity now known as Turner syndrome, a relatively mild disorder, occurs in 1 in 
5,000 live female births. In most cases, it is associated with normal intelligence, lack of signifi cant disabilities, 
and normal life expectancy. It is not unusual for girls with Turner syndrome to escape detection during the 
newborn period. About one-third of aff ected girls are diagnosed at birth, another one-third during childhood as 
part of an evaluation for short stature, and the fi nal one-third in the teenage years because of failure to develop 
secondary sex characteristics.

It has become clear that the 45,X karyotype is consistent with two very diff erent phenotypic expressions, 
one seen prenatally and the other postnatally. Th rough studies of spontaneous aborted embryos and fetuses, re-
searchers have discovered that 99% of conceptuses with a 45,X karyotype die early in pregnancy as the result of 
severe hydrops fetalis from lymphatic obstruction. Turner syndrome is the single leading cause of fi rst-trimester 
spontaneous abortion, accounting for approximately 9% of all early pregnancy losses.

Th e newborn with Turner syndrome may have a characteristic appearance at birth with webbing of the 
neck and puffi  ness of the hands and feet, as well as an unusual facial appearance, a “shield” chest, cubitus valgus, 
short fourth metacarpals, and spoon-shaped nails. As these girls age, other features become apparent, including 
short stature and failure to develop secondary sexual characteristics as a result of failure of ovarian development. 
Internal anomalies are not uncommon in women with Turner syndrome. Cardiac defects, including coarctation 
of the aorta, aortic valve stenosis, and dissecting aneurysm of the aorta (a life-threatening complication), occur 
in approximately one-third of patients. Renal anomalies, including horseshoe-shaped kidneys and duplication 
of the collecting systems, are seen in more than half of aff ected patients.

Only half of liveborn individuals with Turner syndrome have a 45,X karyotype. Many girls have some 
variation of 45,X, including mosaicism and deletions of portions of one X chromosome. Although intelligence 
in women with Turner syndrome is usually normal, specifi c cognitive problems commonly occur, including de-
fects in spatial perception, perceptual motor organization, and fi ne motor skills. Women with Turner syndrome 
are nearly always infertile. Estrogen replacement therapy may induce the development of secondary sexual 
characteristics, but unassisted reproduction has rarely been reported.

Recently, in vitro fertilization technology using donor eggs and hormonal therapy has allowed some wom-
en with Turner syndrome to bear children. Although assisted reproduction has off ered hope of fertility to adult 
women with this disorder, great care must be taken, and close medical follow-up is essential. Recent evaluation 
has shown that pregnancy may have an adverse eff ect on the aorta, hastening the dissection of an aneurysm.
klinefelter syndrome (,xxy). Klinefelter syndrome, which occurs in 1 in 1,000 births, represents the most 
common genetic cause of hypogonadism and infertility in males. Nearly always normal throughout childhood, 
the male with Klinefelter syndrome usually remains undiagnosed until adolescence. At that time, males with 
Klinefelter syndrome are often notably tall, with long arms and legs. In addition, gynecomastia is present, and 
with the passage of time, central obesity occurs. Intelligence is usually normal, but aff ected individuals are said 
to manifest features of immaturity.

Pediatric Pearl: The most striking physical feature in adolescents with Klinefelter syndrome 
is the failure of growth of the testes.
Pe
is 

In spite of the appearance of pubic hair and growth of the penis, the testes remain small, nearly prepubertal 
in volume, and feel soft and “mushy.” Th is fi nding, in the presence of normal pubic hair distribution, is pathog-
nomonic for this condition.

In men with Klinefelter syndrome, testosterone replacement therapy results in the development of second-
ary sex characteristics, including deepening of the voice; male body habitus and beard; and libido. Some aff ected 
males have additional X chromosome aneuploidy such as 48,XXXY and 49,XXXXY. As a general rule, the more 
X chromosomes present, the more abnormal the phenotype.

Nearly all men with Klinefelter syndrome are infertile, producing semen that contains few viable sperm. 
However, as in Turner syndrome, recent advances in assisted reproduction have allowed some aff ected men to 
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father children. Using intracytoplasmic sperm injection, a spermatozoa obtained through testicular biopsy is 
injected into an egg, producing fertilization. Th us far, all liveborn children fathered by men with Klinefelter 
syndrome using this technology have had normal chromosomal complements.

Single Gene Disorders
Humans are diploid organisms, and each gene is represented at its locus within the genome by two copies, one 
inherited from each parent. Genes, sequences of DNA, provide instructions to the cell to produce specifi c pro-
teins. Among the 25,000 genes that compose the human genome, an occasional error (known as a mutation) 
occurs. Under the proper conditions, it may translate into a clinically distinguishable disease state. Such entities, 
referred to as single gene disorders, are often passed from parent to child over many generations.

In this section, three types of single gene disorders are discussed: autosomal dominantly inherited traits, 
which are expressed in individuals in whom at least one copy of a specifi c gene is errant; autosomal recessively 
inherited traits, in which two copies of the errant gene are necessary for clinical expression to occur; and X-
linked recessive traits, in which the abnormal gene resides on an X chromosome.

In the 1960s, Victor McKusick, MD, began to catalog all reported human conditions caused by single 
gene mutations. Th e resulting treatise, Mendelian Inheritance in Man, has been constantly updated since then. 
Th e catalog is now maintained online (see Table 11-2). In this section, Online Mendelian Inheritance in Man 
(OMIM) entry numbers follow the name of each specifi c condition.

Autosomal Dominant Disorders

For autosomal dominant traits to be clinically signifi cant, only one copy of an abnormal gene is necessary. Th ese 
disorders are usually passed from aff ected parent to aff ected child, who, because they possess one normal and 
one abnormal gene, are said to be heterozygous. A pedigree of a family in whom an autosomal dominant trait is 
segregating (running through the family) illustrates certain rules (Table 11-6; Figure 11-3).

In genetics, as in life in general, rules are made to be broken. Phenomena such as skipped generations and 
individuals aff ected with autosomal dominant traits born into families in which no other members appear to be 
aff ected are commonly seen. Explanation of these observations involves use of the following terms.

Penetrance describes the frequency with which heterozygous individuals clinically express an errant gene. 
A mutant gene is said to be 100% penetrant if all heterozygous individuals express the abnormal phenotype. 
However, many disorders manifest decreased penetrance, with some individuals who are carriers of the mutant 
gene showing no ill eff ects. Such a situation would account for so-called “skipped generations.”

Unlike penetrance, expressivity is the extent to which the clinical features of an autosomal dominant trait 
are expressed in the heterozygous individual. Mutant genes that show variable expressivity (such as the one that 
causes neurofi bromatosis) result in clinical conditions that range from mild to severe. Th us, an errant gene that 
is 100% penetrant but is variably expressed shows some eff ects in all heterozygotes, but those eff ects may either 
be extremely mild or life-threatening.

Pleiotropy is defi ned as multiple, seemingly unrelated clinical eff ects that are caused by a single mu-
tated gene or gene pair. For example, individuals with Marfan syndrome have abnormalities of their skeletal, 
ophthalmologic, and cardiovascular systems, all of which are clearly the result of a single gene defect; ran-
dom occurrence of such conditions would be unlikely.

 TABLE 11-6

Rules of Autosomal Dominant Inheritance
1. Th e trait appears in every generation.

2. Each child of an aff ected parent has a 1 in 2 chance of being aff ected.

3. No children of unaff ected parents are aff ected.

4. Males and females are equally aff ected.

5. Male-to-male transmission occurs.

6. Traits generally involve mutations in genes that code for regulatory or structural proteins 
(e.g., collagen) and are associated with normal life spans.
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A spontaneous mutation is defi ned as any permanent inheritable change in the sequence of genomic DNA. 
If a mutation aff ects a gene, an individual with an autosomal dominant trait may be born into a family in which 
no other members are aff ected with that trait. Spontaneous mutations leading to the appearance of autosomal 
dominant traits are often associated with increased paternal age (over 35 years of age).
achondroplasia (omim ). A defect of cartilage-derived bone, achondroplasia is an autosomal domi-
nant disorder that leads to numerous phenotypic abnormalities, including short stature, macrocephaly, a fl at 
midface with prominent forehead, and rhizomelic (“root of the limb”) shortening of the limbs (i.e., the proximal 
part of the limbs are most strikingly aff ected). Occurring in approximately 1 in 12,000 births, achondroplasia is 
the most common bone dysplasia in humans.

Th e cause of achondroplasia is a mutation in the fi broblast growth factor receptor 3 (FGFR3) gene. Lo-
calized to chromosome 4p16, FGFR3 is expressed in early human development in the cartilage growth plates 
of long bones during endochondral ossifi cation. Eighty percent of cases of achondroplasia are the result of 
spontaneous mutations. More than 95% of cases of achondroplasia are due to one of only two mutations in the 
same base pair (nucleotide 1138); this site is an extremely active mutational “hot spot” (a region where mutations 
appear to be more prone to occur).

As the child with achondroplasia grows, numerous related medical and psychologic problems may occur. In 
infancy, hydrocephalus and central apnea, both resulting from a narrowing of the foramen magnum, may occur. 
Later in childhood, bowing of the legs as a result of unequal growth of the tibia and fi bula, dental malocclusion, 
and hearing loss from middle ear dysfunction are common. During late childhood and early adolescence, the 
psychologic eff ects of the marked shortening of stature are often seen for the fi rst time. In adulthood, neurologic 
complications such as sciatica, resulting from nerve root compression, are often present. Th e expected life span of 
individuals aff ected with achondroplasia is normal. Although persons with achondroplasia usually have normal 
intelligence, societies have discriminated against them for centuries because of their appearance.

Th e basis of diagnosis of achondroplasia is the presence of the physical fi ndings described previously as well 
as characteristic radiographic anomalies. Molecular testing should be performed only if the diagnosis is uncertain 
on clinical or radiologic grounds, or in cases in which prenatal diagnosis through amniocentesis is requested.
neurofibromatosis type  (nf-) [omim ]. NF-1, a common (1 in 4,000 births) autosomal domi-
nant disorder, was originally described by von Recklinghausen in 1882. It was formerly known as “the elephant 
man’s disease,” but it is now clear that Joseph Merrick, the so-called Elephant Man, suff ered from another dis-
order, Proteus syndrome. NF-1 is characterized by a large number of separate, seemingly unconnected clinical 
fi ndings (Table 11-7).

Although the penetrance of NF-1 is high, the expression of the gene is extremely variable. In fact, many 
individuals who carry the mutated gene go through life unaware of their diagnosis. Most patients manifest only 
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FIGURE 11-3. Pedigree of a family with autosomal dominant familial hypercholester-
olemia. , male; , female; , aff ected male; , aff ected female. From Gelehrter TD, 
Collins FS: Principles of Medical Genetics. Baltimore, Williams & Wilkins, 1990, p 29.
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café-au-lait spots (hyperpigmented areas); axillary or inguinal freckling; and small subcutaneous nodules, which 
represent Schwann cell tumors known as neurofi bromas. Ten percent of individuals who carry the gene for 
NF-1 suff er more severe manifestations, including astrocytomas, optic gliomas and other brain tumors, cranio-
facial disfi gurement, scoliosis, and pseudarthrosis (the presence of a false joint, usually in a long bone).

Th e staggering array of clinical features represents one of the best examples of pleiotropy known to exist in 
any autosomal dominant syndrome. Although the explanation of this phenomenon is still not clear, three major 
scientifi c breakthroughs have permitted the solution of at least part of the riddle of NF-1.

1. Mapping of the gene responsible for the disorder (in 1987) to the long arm of chromosome 17 
(17q11.2).

2. Identifi cation in diff erent families of many diff erent mutations, deletions, and insertions within this 
gene, providing one clue to the puzzle of the marked variability of clinical expression.

3. Identifi cation of the protein responsible for the disorder. Named “neurofi bromin,” the protein is believed to 
function as a negative regulator or inhibitor to p21-ras, a proto-oncogene. Decreased production of neuro-
fi bromin leads to overexpression of this proto-oncogene, presumably causing the features of the disorder.

Molecular techniques for diagnosis of an isolated case of NF-1 are usually not helpful because of the large 
number of mutations that have been identifi ed in the neurofi bromin gene. As in achondroplasia, confi rmation 
of the diagnosis of NF-1 is based on the presence of clinical features (see Table 11-7).
marfan syndrome (omim ). Th is autosomal dominant condition, which occurs in approximately 1 in 
10,000 live born infants, is due to a single gene defect that causes abnormalities in several organ systems. Signifi -
cantly, three systems are most often aff ected. In the skeletal system, dolichostenomelia (tall, thin body habitus), 
arachnodactyly (spider-like fi ngers and toes), pectus excavatum or carinatum, kyphoscoliosis, and joint laxity 
occur. In the ophthalmologic system, high myopia and a defect in the suspensory ligament of the lens, which 
leads to ectopia lentis, cause decreased visual acuity. In the cardiovascular system, a defect in the wall of the aorta 
leads to progressive dilatation of the ascending aorta, causing aortic insuffi  ciency and, if untreated, ultimately 
resulting in dissecting aneurysm of the aorta with sudden death.

Th e fact that these systems are modifi ed has led to the belief that a defect in some element of connective 
tissue common to these organs is responsible for Marfan syndrome. In the 1990s, a defect in the protein fi brillin 
1, an essential element of the myofi brillar array of connective tissue, was documented in individuals with Marfan 
syndrome. Th e gene responsible for coding for this protein is located on the long arm of chromosome 15. Unlike 

 TABLE 11-7

Criteria for Diagnosis of Neurofi bromatosis Type 1 (NF-1)a

Café-au-lait spots
Prepubertal: fi ve or more (�0.5 cm in diameter)
Postpubertal: fi ve or more (�1.5 cm in diameter)

Axillary or inguinal “freckling”

Neurofi bromas (dysplastic Schwann cell tumors)
Two or more neurofi bromas, or
One or more plexiform neurofi bromas

Lisch nodules (pigmented iridal hamartomas)

Optic glioma (one or more neurofi bromas of the optic nerve)
Skeletal manifestations, including:

Scoliosis (often rapidly progressive)
Pseudarthrosis (bowing of a bone due to skeletal defect)
Bony rarefaction or overgrowth due to presence of plexiform neurofi broma
Sphenoid wing dysplasia (5%)

Family history of NF-1 in parent or child diagnosed according to these criteria (additional features in-
clude developmental delay/learning disability, central nervous system tumors, hypertension)

a To make a diagnosis of NF-1, patients must fulfi ll at least two of these criteria.
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achondroplasia, in which only a handful of mutations occur in the causative gene, Marfan syndrome is associated 
with many mutations. Virtually every family with a member with Marfan syndrome has a diff erent mutation. As 
in NF-1, the diagnosis of Marfan syndrome is made based on the presence of characteristic clinical features.

Autosomal Recessive Disorders

Certain disorders follow an autosomal recessive pattern of inheritance. Unlike in autosomal dominant disorders, 
for an autosomal recessive disorder to be clinically signifi cant, two copies of an abnormal gene must be present. 
An individual bearing two errant copies of the same gene is said to  be homozygous. For a homozygous individ-
ual to be conceived, both parents must carry at least one copy of the errant gene and are, therefore, heterozygous. 
However, because a single errant copy of the gene is not suffi  cient to cause clinical abnormalities, heterozygous 
parents are nearly always asymptomatic. Th us, in most autosomal recessive disorders, the presence of a disease in 
a child is the fi rst sign that an abnormality is segregating in a family.

Th e family pedigree in which an autosomal recessive trait is segregating illustrates the rules of autosomal 
recessive inheritance (Table 11-8; Figure 11-4).
sickle cell disease (omim ). Sickle cell disease is considered briefl y here because of its autosomal 
recessive pattern of inheritance. (See Chapter 16 for more details.) Much is known about the genetic basis of 
sickle cell disease, the fi rst human mutation to be elucidated. Th is mutation, which is caused by a single base 
substitution in the gene locus on the short arm of chromosome 11, results in the substitution of a valine residue 
for the glutamic acid residue that normally resides at position 6 in the β-globin molecule. Th is tiny defect leads 
to instability of the hemoglobin molecule, so that when oxygen saturation decreases, the hemoglobin molecule 
“collapses.” Th is results in a deformation of the red blood cell (RBC) (sickle shape) and in occlusion of capillaries 
and smaller arterioles.

Individuals who are heterozygous for the sickle cell disease gene are said to have sickle trait. Such in-
dividuals, although clinically normal, have RBCs that sickle when subjected to low oxygen tension in  vitro, a 
phenomenon that has allowed diff erentiation of these individuals from the rest of the population. Th e heterozy-
gous state is present in approximately 1 of every 10 African Americans. As a result of this very high heterozy-
gote frequency, the occurrence of newborns with sickle cell disease in this population can be easily predicted 
using the Hardy-Weinberg equation:

1. Th e chance of the mating of two individuals with the trait is approximately 1/10 × 1/10, or 1/100.
2. Th e chance that a child with sickle cell disease will be born to two parents, both of whom have trait, 

is 1/4.
3. Th us, the general incidence is 1/100 × 1/4, or 1/400.

As calculated, 1 of every 400 children born to parents of African American heritage will have sickle cell 
disease. Th e actual number is very close to the predicted frequency.

Th e reason that sickle cell disease, which causes such severe symptomatology in the homozygous aff ected 
individual, continues to be so prevalent in the population is that autosomal recessive traits depend only on the 
survival of the heterozygotes. It is not necessary for the gene’s survival for homozygotes to reach childbearing age. 
Th is has led to a theory explaining why the sickle cell mutation has been maintained at such a high level in the 

 TABLE 11-8

Rules of Autosomal Recessive Inheritance
1. Th e trait appears in siblings, but not in their parents or off spring.

2. On average, 25% of siblings of the proband are aff ected (at the time of conception, each sibling has a 
25% chance of being aff ected).

3. A “normal” sibling of an aff ected individual has a two-thirds chance of being a carrier (heterozygote).

4. Males and females are equally likely to be aff ected.

5. Rare traits are likely to be associated with parental consanguinity.

6. Traits generally involve mutations in genes that code for enzymes (e.g., phenylalanine hydroxylase, 
defi cient in phenylketonuria) and are associated with serious illness and shortened life span.
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population. If instead of causing harm, a particular gene mutation present in the heterozygous state actually pro-
tects the individual in some way, the mutated gene has pressure to remain in the population. Th e mutation makes 
the carrier more fi t and gives the heterozygote a selective advantage over homozygous unaff ected individuals.

Th e fi rst clue to the fact that sickle trait off ered the heterozygote an advantage came from the observations 
that the sickle gene occurred in highest frequencies in regions where falciparum malaria is common. Epidemio-
logic studies have shown that heterozygotes are resistant to severe infection from the parasite Plasmodium falci-

parum. In Africa, individuals who have sickle trait become infected as frequently as do people who are free of the 
trait, but the former group has fewer complications resulting from the infection—the need for hospitalization 
is less, and deaths are far fewer. Physiologic studies have determined the reason for this increased survival. In 
individuals without sickle trait, the malaria parasite uses the RBCs of its host to proceed through its life cycle. 
In individuals with sickle trait, this process is interrupted, and the spread of the parasite is attenuated.

Sickle cell anemia, like some other autosomal recessive traits, occurs with markedly increased frequency 
within certain ethnic groups. Th is distribution pattern has raised the possibility of eradicating the conditions 
through directed screening programs, genetic counseling, and prenatal diagnosis. Th is approach has been used in 
Tay-Sachs disease, a condition that occurs most frequently in individuals of Ashkenazi Jewish background.
ellis–van creveld syndrome (omim ). Although some autosomal recessive traits are relatively com-
mon, the majority are rare disorders that occur infrequently in most populations. Ellis-van Creveld syndrome, 
also called chondroectodermal dysplasia, is one of these conditions. Th is disorder involves a combination of 
short stature (with disproportionately shortened extremities), polydactyly, a narrowed thorax, and congenital 
heart disease with abnormalities of the mouth (thickened frenula, defects in the alveolar ridge, and dental 
anomalies) and the nails (hypoplasia). Recently, researchers found that mutations within the EVS gene on chro-
mosome 4p16.1 cause Ellis-van Creveld syndrome.

In 1964, McKusick discovered multiple cases of Ellis-van Creveld syndrome in an inbred Old Order 
Amish village in Pennsylvania. A study of trends within the Amish population explained why so many individu-
als with this disorder were concentrated in such a small area. Th e Amish tend to isolate themselves within small 
villages. When, through reproduction, the village becomes too crowded, one or two nuclear families break away 
from the main group and establish a new community some distance away from the original town. Th e founders 
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FIGURE 11-4. Pedigree of an autosomal recessive trait. Aff ected individuals 
are found in only one generation. Note that both parents of an aff ected child 
are obligate heterozygotes (designated by half-shaded symbols), as are all of 
the off spring of a mating between an aff ected individual and a homozygous 
normal individual. , male; , female; , aff ected male; , aff ected female; 

, heterozygous (carrier) male; , heterozygous (carrier) female; , sex 
not known. From Gelehrter TD, Collins FS: Principles of Medical Genetics. 
 Baltimore, Williams & Wilkins, 1990, p 36.
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of this new community reproduce, their children marry and in turn, reproduce, and eventually, the entire village 
is populated by descendants of the original founder couple. Th e founders bring with them their “genetic bag-
gage,” including the presence of one or more rare autosomal recessive traits carried in the heterozygous state. 
Th rough a few generations, the gene frequency of these rare traits increases dramatically, since most people 
never leave the home village.

X-Linked Recessive Disorders

Disorders caused by abnormalities of genes linked to the X chromosome have a distinct and unusual pattern of 
inheritance known as X-linked recessive. Heterozygous females, who display little or no eff ects, usually carry 
these disorders and pass them on to their sons, who are hemizygous because they have only one X chromosome. 
Th ese males usually suff er severe manifestations.

Th e observation that males can survive with only one copy of the X chromosome, whereas females with one 
copy (Turner syndrome) have an increased prenatal mortality puzzled geneticists throughout much of the early 
part of the 20th century. In 1962, Mary Lyon postulated the explanation for this phenomenon. According to the 
Lyon hypothesis, at a very early stage in development, one of the two X chromosomes in every cell of the female 
pre-embryo becomes randomly inactivated. Th us, females are essentially mosaics, their bodies composed of two 
separate cell types, with each bearing a separate, active X chromosome. As the result of “lyonization,” when an 
errant gene is present on one X chromosome, some cells express the abnormality, whereas others do not. Because 
inactivation of the X chromosome occurs randomly, it is possible that, by chance, one cell type may predominate 
over the other. Th erefore, some women who carry an abnormal gene on one of their X chromosomes may, be-
cause of random inactivation of most of the X chromosomes bearing the normal gene, express symptoms of the 
disease caused by that abnormal gene.

Th e pedigree of a family in which an X-linked recessive inherited disorder is segregating illustrates the 
rules of X-linked recessive inheritance (Table 11-9; Figure 11-5).
duchenne muscular dystrophy (omim ). Duchenne muscular dystrophy, the most common form 
of muscular dystrophy, occurs in 1 in every 3,500 boys born in the United States. Among the clinical features 
of this condition are a “waddling” gait, usually discovered at about 3 years of age, and excessive falling (see 
Chapter 19). In most cases, pseudohypertrophy of the calf muscles is apparent on initial examination, and serum 
creatine kinase is markedly elevated. Aff ected boys show a slowly progressive downhill course. Death, usually 
from cardiopulmonary complications, occurs in the second or third decade.

Although Duchenne muscular dystrophy has long been known to be linked to the X chromosome, char-
acterization of the gene responsible for the condition and the protein that codes for it occurred only in the late 
1980s. Using a procedure known as “reverse genetics,” researchers identifi ed the protein dystrophin as the com-
ponent of muscle cells that is defi cient in men with this form as well as some other forms of muscular dystrophy. 
Th e characterization of dystrophin has led to major advances in both the diagnosis and potential treatment of 
Duchenne muscular dystrophy.

Mothers and sisters of aff ected males may or may not be carriers of the abnormal gene. In the past, coun-
seling was off ered based on statistical probabilities, which depended on several conditions, such as the number 
of other aff ected males in the family and the level of creatine kinase in the woman’s blood. Fetal sex determina-
tion was the only possible method of prenatal diagnosis in women believed to be carriers. However, because the 
actual gene defect responsible for Duchenne muscular dystrophy has been discovered, counseling with certainty 

 TABLE 11-9

Rules of X-Linked Recessive Inheritance
1. Th e incidence of the trait is higher in males than females.

2. Th e trait is passed from carrier females, who may show mild expression of the gene, to their sons, who 
are more severely aff ected.

3. Each son of a carrier female has a 1 in 2 chance of being aff ected.

4. Th e trait is transmitted from aff ected males to all of their daughters. It is never transmitted from father 
to son.

5. Because the trait can be passed through multiple carrier females, it may “skip” generations.
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is now available following testing of many of these female 
relatives. In addition, once a female has been identifi ed as 
a carrier, direct prenatal diagnosis of the fetus involves ei-
ther amniocentesis or chorionic villus sampling.  Because 
of the inheritance pattern, men with Duchenne muscular 
dystrophy who reproduce will not have aff ected children. 
All daughters born to such men will be obligate carriers 
(and therefore, are at risk for having sons who are af-
fected), whereas sons, having received the father’s Y chro-
mosome, will be completely free of disease.
hemophilia a. Hemophilia A is the most common 
hemorrhagic disorder occurring in children. Th e cause of 
this condition is a profound defi ciency of factor VIII, an 
essential protein for coagulation. Most boys with classic 
hemophilia are diagnosed in early childhood after one or 
more episodes of unexplained bleeding. Because of their 
inability to clot, boys with hemophilia have recurrent 
episodes of hemarthrosis (bleeding into joint spaces) that 
can lead to chronic, painful arthritis. Th ey develop intra-
muscular hematomas (see Chapter 16). Head trauma is 
a serious and potentially lethal problem because of the 
possibility of intracranial bleeding (see Chapter 23).

Th e genetics of hemophilia is identical to that of 
Duchenne muscular dystrophy because it is an X-linked 
recessive disorder. Similarly, the gene responsible for producing factor VIII has been characterized, and direct 
DNA diagnosis is possible. As with Duchenne muscular dystrophy, the children of males aff ected with hemo-
philia are not themselves aff ected; however, all their daughters will be carriers and, as a result, should receive 
prenatal diagnosis during pregnancy if they wish. All fi rst-degree relatives of aff ected males (i.e., mothers, sis-
ters) should routinely have the opportunity to be tested and, if found to be carriers, should also be referred for 
counseling for consideration of prenatal diagnosis by either chorionic villus sampling or amniocentesis.

Multifactorially Inherited Disorders
Of the four etiologic categories of congenital or genetic disorders, multifactorial (also known as polygenic) 
inheritance is by far the most common. Such inheritance is responsible for 20% of all congenital malformations 
and also plays a role in determining susceptibility to most chronic disorders of adult life, including atherosclerosis 
and coronary artery disease, cancer, and diabetes. Th e cause of multifactorial inheritance is an interplay between 
multiple background genes and the environment in which those genes are expressed. Although multifactorial 
conditions tend to cluster in families, they do not conform to simple Mendelian patterns of inheritance.

Traits that are inherited in a multifactorial manner show a blending of features known as continuous varia-
tions (e.g., the bell-shaped distribution in the plot of the height of all medical students in the United States). 
When a trait such as height is the subject, excessive shortness or tallness is not necessarily considered a pathologic 
condition. However, for certain traits such as the timing of closure of the neural tube or the fusion of the palatal 
arches in the midline, distribution at the outer ends of the curve may have serious, life-threatening implications. 
Two relatively common congenital malformations that demonstrate multifactorial inheritance are discussed here.

Neural Tube Defects

Neural tube defects, consisting of anencephaly, meningocele, and meningomyelocele, are among the most com-
mon disabling birth defects that occur in humans. Th e embryology involved in the closure of the neural tube is 
well understood. At approximately 18 days after conception, the neural plate begins to involute. At fi rst, an in-
dentation known as the neural groove can be seen, but at 23 days after conception the edges of the neural groove 
meet to form the beginning of a tube. Over the next few days, this tube “zippers” closed; at the cephalad end, the 
tube becomes the brain; at the caudal end, the spine. For these structures to form normally, it is essential that 
complete closure of the tube occur by a specifi c time (known as the threshold). If closure of the cephalad end is 
not complete, abnormal brain development occurs, with anencephaly, a uniformly lethal condition. If closure of 
the caudal end is not complete, the child will be born with myelomeningocele (also known as spina bifi da).

FIGURE 11-5. Pedigree of an X-linked recessive trait. 
Only male children of carrier females are aff ected. All 
girls born to hemizygous fathers are carriers; boys born 
to these men are never aff ected. , male; , female 
(noncarrier); , hemizygous aff ected male; , heterozy-
gous (carrier) female.
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In 1990, it was estimated that myelomeningocele aff ected 1 in 1,000 liveborn infants in the United States. 
Anencephaly occurs with a similar frequency, although most of these infants are either stillborn or die in the 
neonatal period. Multiple factors, both genetic and nongenetic, dictate the speed with which the neural tube 
closes. Evidence for this comes from the following observations:

• Neural tube defects show ethnic diff erences in frequency. Far more common in the British Isles, they 
are much less common in Asia; in Ireland, the incidence is 1 in 250. Th ese ethnic diff erences suggest a 
genetic component.

• Couples from the British Isles who come to the United States have a risk intermediate between the risks 
in the United Kingdom and in the United States, suggesting an environmental component.

• Th e occurrence of neural tube defects exhibits seasonality. Aff ected infants are more likely to be born 
during the late fall and early winter, again suggesting an environmental component.

• Parents who have one child with a neural tube defect are 20 to 40 times more likely to have a second 
aff ected child. Th is provides further evidence of a genetic component.

Pediatric Pearl: Periconceptual supplementation with folic acid has now conclusively been 
shown to signifi cantly decrease the risk of having a child with a neural tube defect. This 
nutritional infl uence suggests yet another environmental component.

Pe
sh
nu

Children with myelomeningocele have an assortment of medical and surgical problems. Th ey require neu-
rosurgical procedures in the newborn period to close the spinal defect and, in as many as 90% of cases, placement 
of a ventriculoperitoneal shunt is necessary to alleviate obstructive hydrocephalus. Children with shunts require 
ongoing neurosurgical surveillance to evaluate for shunt obstruction. In 85% of patients, neurogenic bowel and 
bladder occurs as a result of the level of the spinal lesion; close supervision by both a urologist (who manages 
the bladder through clean intermittent catheterization) and a gastroenterologist is required. Numerous ortho-
pedic problems occur, including joint contractures, clubfoot deformity, scoliosis, and paraparesis. Management 
by an orthopedic surgeon, in conjunction with a physiatrist and orthotist, is necessary. Th e pediatrician provides 
routine health care maintenance and coordinates the care provided by the numerous other members of the mul-
tidisciplinary team of health care professionals.

Because of the elevated recurrence risk associated with neural tube defects, prenatal diagnosis consisting 
of amniocentesis, α-fetoprotein screening, and sonography should be off ered to the family. In recent years, re-
searchers have demonstrated conclusively that folic acid reduces the risk of having either a fi rst or subsequent 
child with a neural tube defect. Because the eff ect occurs only if folic acid supplementation begins at least 
2 months before conception, the U.S. Department of Health and Human Services now recommends that all 
women of childbearing age take 0.4 mg of folic acid per day. Women who have had a previous child with a 
neural tube defect are at increased risk of recurrence, so they should take a higher dose of folic acid. It is recom-
mended that fi rst-degree female relatives of an individual with a neural tube defect take 4 mg of folic acid per 
day, beginning at least 2 months before planned conception. By following these recommendations, women may 
reduce the risk of bearing a child with a neural tube defect by up to 70%.

Pediatric Pearl: In recent years, clinicians have realized that an allergy to latex products 
develops in virtually all children with myelomeningocele. Before 1980, this allergy was 
almost unknown, but it has led to life-threatening complications due to anaphylaxis in af-
fected patients. The Spina Bifi da Association of America recommends that the use of latex 
products be avoided in all patients with neural tube defects.

Pe
de
alm

Hypertrophic Pyloric Stenosis

Hypertrophic pyloric stenosis is a disorder of historic importance in that it was the disease for which the multi-
factorial threshold model was actually developed. Although it originates in fetal life, because of its pathophysiol-
ogy, hypertrophic pyloric stenosis is a condition that is usually not diagnosed until late in the fi rst month after 
birth. Hypertrophy of the muscles of the pylorus leads to obstruction of the fl ow of partially digested food 
from the stomach into the fi rst section of the duodenum. Vomiting becomes progressively worse and becomes 
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 projectile in nature (see Chapter 25). At presentation, the child is usually dehydrated, has a signifi cant electrolyte 
imbalance (hypochloremic alkalosis), and is extremely sick and irritable.

To the geneticist, the two most interesting features of hypertrophic pyloric stenosis are its sex distribution 
and its empirically derived risk of recurrence. Pyloric stenosis is fi ve times more common in boys (5/1,000) than 
in girls. Furthermore, the recurrence risk is very diff erent for males and females, with children born to aff ected 
women at much higher risk than those born to aff ected men. Assuming that the threshold for developing pyloric 
stenosis is lower for males than for females explains the observed sex distribution. Not only would more males 
be aff ected, but also the females who did have the disorder would be more severely aff ected. Th e more severely 
aff ected the parent, the higher the recurrence risk, thus explaining the observed data.

Teratogenically Induced Disorders
Defi ned as a chemical or environmental agent that has the potential to damage embryonic tissue primordia 
and resulting in one or more congenital malformations, teratogens are responsible for approximately 6.5% of all 
birth defects. Knowledge of these agents and their eff ect on the developing embryo or fetus is important for two 
reasons. One, this frequency is probably falsely low because of underreporting. As time passes, more is known 
about the eff ects of environmental agents on development, and it is likely that this frequency will signifi cantly 
increase. Two, and perhaps more importantly, congenital malformations caused by teratogenic agents are all 
potentially preventable.

Th e fi rst evidence that physical agents had the potential to harm developing humans came from Australia 
in 1941. N. McAllister Gregg, an ophthalmologist, noted a sharp increase in the number of infants born with 
congenital cataracts. On examining these children further, he noted a distinct pattern of abnormalities including 
sensorineural deafness, microcephaly with developmental delay, and congenital heart disease. By reviewing the 
pregnancy records, he discovered that all aff ected infants had been born to women who had been infected with 
German measles during their pregnancies. Rubella was the fi rst known teratogen.

For nearly 20 years, people believed that most physical agents could not damage the developing human; 
viral agents might be a special case. Th is changed dramatically in 1960 when Pfeiff er and Kostellow reported 
the cases of two German children with phocomelia, a severe limb defect. Within a few months, an epidemic 
of phocomelia gripped Germany and other European countries. Epidemiologic evaluation soon uncovered the 
putative cause. Mothers of nearly all aff ected infants had been treated with thalidomide, a potent sedative and 
antiemetic, during early pregnancy. Before authorities withdrew the drug from the market, malformations oc-
curred in 7,000 European and Australian infants. (Because of Food and Drug Administration regulations, the 
drug was never marketed in the United States.) Th e thalidomide saga opened the fl oodgates. Soon, physicians 
were attempting to attribute every observed malformation to some drug that had been administered to the 
mother during pregnancy. Th e truth probably lies somewhere in between.

Teratogenically induced disorders can be divided into three major groups: (1) those due to maternal factors, 
(2) those due to exposure to drugs and chemicals, and (3) those due to environmental agents.

Maternal Factors

From the time of Gregg’s initial observation regarding the eff ects of the rubella virus, it has been known that 
the presence of maternal illness can have lethal or devastating eff ects on the conceptus. Th ese illnesses may be 
further broken down into two categories: maternal infections and other maternal illnesses.
maternal infections. Some common infectious agents have harmful eff ects on the conceptus (Table 11-10). Th e 
eff ect each of these infectious agents has on the developing embryo or fetus is related to the timing of infection; 
generally, the earlier the infection, the more devastating the eff ects.
maternal illness (other than infections). Th e conceptus is sensitive to a number of maternal metabolic 
disturbances. It is important to note that in most cases, strict control of the underlying metabolic abnormality 
in the mother will serve to protect the fetus. Two examples are maternal diabetes mellitus and maternal phe-
nylketonuria (PKU).

Approximately 10% of infants of diabetic mothers are born with an abnormality in form or function that 
is detectable in the neonatal period. Malformations include the caudal regression sequence (a severe defect 
characterized by absence of the sacrum, defects of the lower limbs, imperforate anus, and abnormalities of the 
genitourinary tract) and the VACTERL association. Th e presence and severity of anomalies appears to be di-
rectly related to the degree of glycemic control during the fi rst trimester of pregnancy.

PKU, an inborn error of metabolism caused by a defi ciency of phenylalanine hydroxylase, has become a 
relatively innocuous disease as a result of a combination of neonatal screening and the institution of special 
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diets. In the past, the tendency has been to limit intake of phenylalanine in aff ected individuals until late 
childhood, when liberalization of the diet has occurred. However, it was noted that off spring of women with 
PKU were at signifi cant risk for mental retardation, microcephaly, and congenital heart disease. In the late 
1980s, physicians began to return women in their childbearing years to low phenylalanine diets and found 
that if this change was instituted before the start of pregnancy, the fetus was at little or no increased risk for 
these anomalies.

Drugs and Chemicals

Th is category of teratogens has special signifi cance because, to some extent, use of these agents by pregnant 
women is often regulated by their physicians. Th erefore, it is essential for the physician to have a clear under-
standing of agents that can cause birth defects.
nonprescription drugs. Th is group of drugs includes alcohol, cocaine, heroin, and marijuana. Also consid-
ered as part of this group are caff eine and nicotine, agents that are believed not to have teratogenic potential. Th e 
teratogenic eff ects of two nonprescription agents, alcohol and cocaine, are discussed.

Features of fetal alcohol spectrum disorder include prenatal and postnatal growth defi ciency, microcephaly 
with developmental delay, various skeletal and cardiac anomalies, and a characteristic facial appearance. 

Pediatric Pearl: The full-blown syndrome occurs in 3 to 5/1,000 children, making fetal 
alcohol syndrome the most common teratogenic syndrome encountered in humans. 
Pe
alc

 TABLE 11-10

Selected Infectious Teratogenic Agents
Rubella CNS (microcephaly, MR)

Eye (cataracts, glaucoma)
Deafness
Cardiac (VSD, ASD, PDA)
Growth defi ciency
Bone dysplasia
Other conditions

Cytomegalovirus CNS (microcephaly, MR, calcifi cations)
Eye (bicophthalmia, blindness)
Deafness
Miscarriage

Toxoplasma gondii CNS (microcephaly, calcifi cations, MR)
Eye (microphthalmia, chorioretinitis)
Miscarriage

Herpes simplex CNS (microcephaly, MR)
Eye (microphthalmia, retinal dysplasia)

Varicella CNS (microcephaly, MR)
Eye (cataracts, microphthalmia)
Limb defi ciency
Cicatricial skin lesions

HIV CNS (microcephaly, calcifi cations, MR)
Eye (prominent eyes, blue sclerae)
Characteristic facies
Immunodefi ciency

ASD, atrial septal defect; CNS, central nervous system; MR, mental retardation; PDA, patent ductus arteriosus; 

VSD, ventral septal defect.
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It is estimated that a pregnant woman has to drink at least 6 ounces of alcohol each day during the preg-
nancy to cause full-blown fetal alcohol syndrome. If alcohol ingestion begins after the fi rst trimester (following 
the completion of organogenesis), the child is likely to have few of the physical features of fetal alcohol syndrome, 
but is at signifi cant risk for the developmental and behavioral consequences of fetal alcohol exposure. Th is latter 
condition, termed fetal alcohol eff ects, is much more common than fetal alcohol syndrome and aff ects 20% to 
30% of infants of alcoholic women. Th erefore, alcohol is a behavioral teratogen as well as a structural teratogen. 
Because the eff ects are so variable the term fetal alcohol spectrum disorder has recently been employed.

More recently, attention has focused on the eff ects of other drugs of abuse on the developing embryo. A 
spectrum of anomalies has been observed in some off spring of women using cocaine, including intracranial 
hemorrhages leading to developmental disabilities and microcephaly, intestinal atresias, limb reduction defects, 
and striking urinary tract anomalies such as the “prune belly syndrome.” Th e cause of these anomalies appears 
to be vascular disruption resulting from the vasoconstrictive eff ects of the drug occurring at critical times of 
gestation.
prescription drugs. Th ese agents are important because their use is recommended by a physician. Th alido-
mide was the fi rst prescription drug known to cause malformations. Th e eff ects of three other drugs, hydantoin, 
warfarin, and cis-retinoic acid, are described in this section.

Features of fetal hydantoin syndrome include a characteristic facies, mild mental retardation, and hypopla-
sia of the distal phalanges of the fi ngers and toes, with tiny or absent nails a striking characteristic of the disorder. 
In recent years, the pathogenetic mechanism responsible for the malformations has been described and appears 
to be related to the level of epoxide hydrolase, an enzyme in the mother’s circulation, which is responsible for 
the breakdown of a metabolite of hydantoin. Th e risk of the syndrome is low; less than 10% of exposed embryos 
have features of the disorder.

Warfarin is also known to cause malformations. Deep vein thrombosis is a relatively common complica-
tion of pregnancy. Th e use of anticoagulant medication is critical to prevent pulmonary embolism, and warfarin 
is the oral medication most commonly used to treat this condition. In 1966, a pattern of malformations was 
described, including hypoplasia of the nasal bridge with upper airway obstruction, stippled calcifi cation in the 
epiphyses of numerous bones, and mental retardation. Th e pathogenesis of these defects is unclear. Warfarin is 
contraindicated in pregnancy.

cis-Retinoic acid, a vitamin A congener, is an eff ective agent in the treatment of cystic acne. In the early 
1980s, clinicians found that this drug was a potent teratogen. Up to 70% of pregnancies in which women re-
ceived cis-retinoic acid during the fi rst trimester were abnormal. Some ended in miscarriage, others ended in 
the birth of a child with what has become known as the Accutane embryopathy, a pattern of anomalies includ-
ing severe craniofacial disorders (abnormalities of the skull, ears, eyes, nose and palate), cardiac defects, and the 
DiGeorge malformation sequence (hypoparathyroidism, T-cell defi ciency).

Environmental Agents

In contrast to prescription and street drugs, exposure to chemicals and agents in the environment is not easily 
controllable. Some environmental agents clearly do not cause birth defects. Contrary to media reports, there 
is no convincing evidence that exposure to video display terminals, electromagnetic fi elds, caff eine, or inhaled 
cigarette smoke can induce malformations in fetuses. Two agents, radiation and methylmercury, are known to 
cause problems. Th ey are described in this section.
radiation. From the experience in the Japanese cities of Hiroshima and Nagasaki, it became clear that radia-
tion exposure during fetal life can have lethal or devastating consequences. In addition to a signifi cantly  higher 
rate of spontaneous abortion than normal, pregnancies exposed to high doses of radiation resulted in the birth 
of children with microcephaly, mental retardation, and skeletal malformations. Th e dose of ionizing radiation 
needed to induce these anomalies is more than 5 rads and probably closer to 25 rads. In contrast, the radiation 
dose used in diagnostic radiology examinations is extremely low, with most exposures in the range of a few mil-
lirads. Th erefore, diagnostic radiologic procedures are probably safe in pregnancy.
methylmercury. An inadvertent spill of methylmercury into the water supply in the city of Minamata,  Japan, 
in the 1960s led to an outbreak of congenital malformations in infants who were gestating during that pe-
riod. Th ese children were born with neurologic aberrations that included developmental retardation, cerebral 
palsy–like movement disorders, and, in some cases, blindness. Th is has raised concern about the possibility of 
abnormalities in the off spring of women who, because of diets rich in mercury-contaminated fi sh, ingest large 
amounts of this element.
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Developmental Disabilities 
D. Rani C. Kathirithamby and Maris D. Rosenberg

Monitoring children’s development is a critical aspect of pediatric health care supervision. Th e pediatrician 
who suspects developmental problems in a child must be prepared to help the family gain access to evaluation 
services and obtain appropriate intervention. Early intervention has the potential to aff ect both the child’s 
developmental outcome and the family’s functioning. Th is chapter discusses developmental surveillance and 
screening and the presentation of developmental disabilities. It focuses on three developmental disabilities that 
manifest in infancy/early childhood: intellectual disability (formerly known as mental retardation), cerebral 
palsy, and autistic spectrum disorders; in addition, it highlights learning disability, which becomes evident dur-
ing the school-age years.

DEVELOPMENTAL SURVEILLANCE AND SCREENING
It is critical to identify developmental delays as early as possible. Early identifi cation of developmental disorders 
allows access to a range of therapeutic interventions geared toward maximizing a child’s developmental poten-
tial. Identifi cation of the etiology of the disorder also helps to identify associated medical conditions or other 
needs of the child and family. 

In a 2006 policy statement, the American Academy of Pediatrics (AAP) published an algorithm for de-
velopmental surveillance and screening (Figure 12-1). Developmental surveillance is a longitudinal process, rec-
ommended at every health supervision visit. Developmental screening involves the periodic use of standardized 
screening instruments. One might imagine surveillance to be an ongoing movie chronicling a child’s develop-
ment, whereas screening is a series of snapshots.

Developmental surveillance has fi ve major components (Table 12-1). While all children deserve careful 
monitoring, those with risk factors for developmental disability merit closer scrutiny. Table 12-2 lists prenatal, 
perinatal/neonatal, and postnatal factors that place children at risk for developmental disability.

Th e AAP statement recommends the use of developmental screening instruments at any point at which 
surveillance raises concern, and for all children at the 9, 18- and 30-month (or 24-month if a 30-month visit 
is not scheduled) health supervision visits. In addition, it recommends the use of specifi c screens for autistic 
spectrum disorders at the 18- and 24-month visits. Screening involves the use of standardized instruments that 
enable the pediatrician to monitor a child’s developmental progress over time more objectively. It should be 
emphasized that screening procedures are not diagnostic for particular developmental disabilities and do not 
determine precise level of functioning. However, they are an important step in recognizing a potential problem 
and obtaining further diagnostic evaluation. Th e choice of a screening instrument should be based on a variety 
of factors such as the purpose of the screening (e.g., general developmental screening versus screening for a par-
ticular disorder, such as autism), characteristics of patients and families served (e.g., primary language, literacy 
level), and resources of the practice in which the screening instrument is used. Table 12-3 lists a few widely used 
developmental screening instruments. 

PRESENTATION OF DEVELOPMENTAL DISABILITIES
Developmental disabilities present in an age-related manner. Th ey manifest during the fi rst year of life as 
motor delays, during the toddler and preschool years as language delays, and during school years as learning 
problems.
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FIGURE 12-1. Algorithm for developmental surveillance and screening. Reprinted with permission from Pediatrics 
118(1):407, 2006.

 TABLE 12-1

Components of Developmental Surveillance
–  Eliciting and attending to parents’ concerns about their child’s development

– Documenting and maintaining a developmental history

– Making accurate observations of the child

– Identifying risk and protective factors

– Maintaining an accurate record documenting the process and fi ndings

From the time of birth until the age of 1 year, the pace of motor development is rapid and proceeds in a 
predictable manner. Attainment of gross motor milestones depends on the symmetrical development of muscle 
tone and strength, which progresses cranially to caudally. In addition, motor development depends on the extin-
guishing of primitive refl exes and the emergence of postural reactions. Th us, the development of head control, 
the ability to roll over, independent sitting, and walking all occur in sequence at approximately 3 months, 4 to 
5 months, 6 months, and 12 months of age, respectively. Deviations in development at this early stage tend to 
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 TABLE 12-2

Risk Factors for Disability in Children

Prenatal Factors

Genetic etiologies: single gene abnormalities, chromosomal disorders, polygenic syndromes, 
 mitochondrial disorders

Congenital infections

Exposure to toxic or teratogenic agents

Reproductive insuffi  ciency

Multiple births

Placental complication

Abdominal trauma

Perinatal/Neonatal Factors

Birth weight �1,500 g

Gestational age �32 weeks

Abnormal presentation

Asphyxia (minute APGAR�3)

CNS insult or abnormality

Seizures

Hyperbilirubinemia 

Hypoglycemia

Growth defi ciency/nutritional problems

Perinatally/congenitally transmitted infection

Inborn metabolic errors

Postnatal and Early Childhood Factors

CNS infections

Trauma brain injury

Metabolic disorders

Toxic exposures

Chronic illness

Poverty, malnutrition

Parental psychopathology, substance abuse

Dysfunctional infant-caregiver interaction 

APGAR, appearance, pulse, grimace, activity, respiration; CNS, central nervous system.

From Early Intervention Program, New York State Department of Health: Early Intervention Memorandum 1999-1992: 

Reporting of Children’s Eligibility Status Based on Diagnosed Conditions With High Probability of Developmental Delay, 

December 10, 1999, Albany, New York, New York State Department of Health.
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 TABLE 12-3

Developmental Screening Instruments for Use in Primary Carea

Screening Tool Description

Administration 

Time Age Range

How to Obtain More 

Information

Ages and Stages 
Questionnaires

19 age-specifi c forms, 
parent-completed; 
also a social-
emotional screen

10–15 min 4–60 
months

http://www.brookes
publishing.com

Denver II 
 Developmental 
Screening Test

Practitioner 
 administered tool

10–20 min 0–6 years http://www.denverii
.com

Parents’ 
 Evaluation of 
Developmental 
Status (PEDS)

Elicits parent 
 concerns, form for 
 ongoing surveillance

2–10 min 0–8 years http://www.pedstest
.com

Checklist 
for  Autism 
in  Toddlers 
(CHAT)

Parent-completed 
items plus direct 
observation items to 
identify children at 
risk for ASDs

5 min 18–24 
months

http://www.nas.org.uk/
profess/chat

Modifi ed 
 Checklist 
for  Autism 
in  Toddlers 
( M-Chat)

Parent completed 
questionnaire 
To identify children at 
risk for ASDs

5–10 min 16–48 
months

http://www.fi rstsigns
.com

a This is only a partial list, the reader is referred to Pediatrics 118: 405–420, 2006 for a more complete listing. 

ASD, autistic spectrum disorder.

present as motor milestone delays and may signify a neuromuscular, genetic, metabolic, infectious, or other ab-
normality. A careful medical evaluation is essential to determine the cause of developmental delay.

As children enter their second year, the development of communication becomes a sensitive indicator of over-
all development. Important communication milestones involve more than verbal communication. Th e phenom-
enon of joint attention, in which the child follows another individual’s gaze or communicates by pointing, can be 
observed as early as 8 to 10 months. Th e act of pointing or gesturing to express desires or indicate interest is a criti-
cal milestone that should be present by 1 year of age. A child’s single word vocabulary increases through the second 
year, with the emergence of two-word combinations by 2 years of age and three-word combinations by 3 years of 
age. Clarity of speech also improves, with 50% to 75% of speech becoming intelligible to strangers between 2 and 
3 years of age. Th e quality and symbolism of children’s play is also a valuable indicator of cognitive and linguistic 
development. Even with uncooperative children, watching them at play may yield a good deal of information.

Pediatric Pearl: The act of pointing or gesturing to express desires or indicate interest is a 
critical communication and social milestone that should be present by 1 year of age.
Pe
cri

First and foremost, the evaluation of language delay in children must involve a thorough hearing assess-
ment. Detection of hearing loss early can have a critical impact on later language development. In a policy 
statement published in 2007, the AAP recommends that the hearing of all infants should be screened at no later 
than 1 month of age. Many states mandate hearing screening in the newborn nursery. Infants who do not pass 
screening should have a comprehensive audiologic evaluation at no later than 3 months of age, and intervention 
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for confi rmed hearing loss should begin before 6 months. As hearing loss can be progressive, ongoing surveil-
lance of language development and hearing should take place during well-child care. 

Pediatric Pearl: The evaluation of language delay in children must involve a thorough 
audiologic assessment.
Pe
au

Developmentally appropriate instruments are available to objectively measure hearing thresholds for criti-
cal frequencies for speech development. It is not enough to wave a rattle or clap the hands and judge a child’s 
response. Electrophysiologic (e.g., evoked potentials) and otoacoustic techniques are available for children who 
are untestable using behavioral methods (e.g., visual reinforcement audiometry, play audiometry). Once the 
clinician determines that hearing is normal, she should try to discover whether the language delay appears to 
be part of a more global problem (e.g., cognitive delay), or whether it is isolated in the domain of speech and 
language. Language delay in the preschool years is a classic manifestation of intellectual disability, but coexisting 
delays in other domains such as fi ne motor-adaptive and personal-social skills may not be obvious until careful 
developmental screening has been completed. Th is is particularly true in children who are more mildly impaired. 
Other children may appear to have a limited ability to socialize and relate to others in addition to their delays 
in spoken language. Th ese children may be manifesting autistic spectrum disorders. Conversely, many children 
do appear to exhibit delays that are limited to language. In such cases it is important to determine the degree 
to which receptive skills, expressive skills, and speech articulation are aff ected. Th ese issues are critical in imple-
menting intervention strategies that assist aff ected children in their communication development.

INTELLECTUAL DISABILITY
Th e term “intellectual disability” (ID) is now replacing the term “mental retardation.”

An intellectual disability is a disability that involves signifi cant limitations both in intellectual functioning 
and in adaptive behavior (social and everyday practical skills). By defi nition, ID originates before the age of 18. 
About 3% of the general population functions within the range of ID. Intellectual disability may be associated 
with other conditions (e.g., cerebral palsy, autistic spectrum disorders), and the varying degrees of severity aff ect 
the prognosis for ultimate functioning. Children with intellectual disability present as children who are func-
tioning below age expectancy across all domains. In other words, they seem younger than their chronological 
age. Several classifi cation systems, including that of the Diagnostic and Statistical Manual of Mental Disorders, 
4th edition, text revision (DSM-IV-TR), specify ranges of functioning that are helpful in anticipating interven-
tion needs, rates of progress, and ultimate prognoses.

Mild ID, which aff ects about 85% of individuals with ID, is characterized by intelligence quotients (IQs) 
(developmental age divided by chronologic age) in the range of 50 to 70; the exact number varies with the stan-
dard deviation of the test being used. Th ese children tend to present during the toddler or preschool years, often 
with no stigmatizing physical features. Academically, they tend to achieve up to a sixth grade level. Adults with 
mild ID can live independently, hold jobs, and raise children. Th ey may require assistance in more complex tasks 
such as negotiating public transportation and arranging budgets and schedules, and they may need help coping 
during periods of stress.

Moderate ID aff ects about 10% of the intellectually disabled population. Children functioning in this 
range are likely to present somewhat earlier than mild ID, in the late infancy, toddler or early preschool years. 
Th ese individuals are unlikely to progress beyond a second grade level academically. With training, they may 
attend to self-care needs and can work, usually in supervised settings.

Severe and profound ID encompasses the remaining 4% to 5% of the portion of this population. Children 
functioning in this range are likely to present with developmental delays in infancy. An identifi able medical eti-
ology may be apparent on workup, with probable stigmatizing features and associated disabilities such as cere-
bral palsy, seizure disorders, or sensory defi cits. Th ese individuals have limited potential for independent living.

Psychological Assessment
It is necessary to document the subaverage intellectual functioning using culturally, linguistically, and devel-
opmentally appropriate standardized psychological tests. Such methods of assessment yield measures such as 
IQ. An IQ score of two or more standard deviations below the mean (generally 70 and under) satisfi es this 
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criterion for diagnosis of intellectual disability. Examples of standardized tests commonly used in children are 
the Wechsler Preschool and Primary Scales of Intelligence (WPPSI), Wechsler Intelligence Scale for Children 
(WISC-4), and the Stanford-Binet Intelligence Scale.

Results of psychological tests reliably obtained after 2½ years of age are generally predictive of an indi-
vidual’s level of functioning and rate of learning and can be used as a basis for educational planning. Although 
assessment tools for infants and younger children are available (e.g., Bayley Scales of Infant Development), they 
do not yield results considered predictive of later functioning.

Clinical and Laboratory Evaluation
Medical evaluation of children with intellectual disability must involve a search for the cause of the condition. 
Th e many diff erent etiologies all involve insult to the developing central nervous system (CNS). In 2006, the 
Committee on Genetics of the AAP published recommendations for the evaluation of children who present with 
developmental delays of unknown etiology (Figure 12-2).  Th ey recommend a clinical history, three-generation 
family history, dysmorphologic examination, neurologic examination, and genetic testing including chromosome 
analysis (greater than or equal to 650 bands) and fragile X molecular genetic testing. Fluorescence in situ hybrid-
ization (FISH) studies for subtelomere chromosome rearrangements and molecular genetic testing for typical 
and atypical presentations of known syndromes are recommended in those cases in which cytogenetic studies 
are normal. Th e newest diagnostic technology, molecular karyotyping using microarray comparative genomic hy-
bridization, allows the detection of abnormal copy numbers of DNA sequences throughout the human genome 
(see Chapter 11 for complete discussion of genetic evaluation). It is estimated that copy number variants can be 
detected in as many as 10% to 20% of individuals with unexplained ID. Studies for metabolic disorders and neu-
roimaging are recommended only in instances where history or clinical fi ndings support such studies.

Management
In discussions of the results of evaluation with parents, the clinician must carefully explain the meaning of the 
term intellectual disability, or “mental retardation”, which is still in common use today. Parents may associate 
negative stereotypes involving behavioral and other stigmatizing conditions with this diagnosis. Without proper 
explanation, parents of mildly impaired youngsters may picture their child becoming wheelchair-dependent or 
otherwise severely impaired. Furthermore, parents who may not understand the diff erence between cognitive 
delay and emotional disturbance may believe that their child suff ers from the latter condition. Th e pediatrician 
may be tempted to use other terminology such as “developmental delay,” and while this may be more palatable, 
he must be careful to use the same diagnostic terminology that will be used in accessing services for the child. It 
is preferable for parents to hear the appropriate terminology, properly explained, rather than to see the diagnosis 
on paper for the fi rst time without the benefi t of the pediatrician’s support.

Th e pediatrician is in a position to help parents interpret results of the diagnostic evaluation; particularly 
where fi ndings suggest associated medical issues or etiologies with genetic signifi cance. In providing a medical 
home for the child with intellectual disability, he must coordinate referrals to specialists and have knowledge 
of community resources. Monitoring the progress of a child with an intellectual disability is critical throughout 
the pediatric years. Any deterioration in functioning or progress that exceeds that predicted for a child’s level 
of disability suggests possible confounding factors and mandates reevaluation. Th e pediatrician should bear in 
mind that each child, no matter what her level of functioning, can reach a certain potential, albeit at a slower 
rate than normal. Th e physician should help parents and other family members keep this realistically in mind 
while attempting to preserve optimum functioning of the family as a whole.

CEREBRAL PALSY
Cerebral palsy is a spectrum of disorders of movement and posture that continues to be the most frequent child-
hood motor disability. Th e incidence of cerebral palsy has remained constant at a rate of 2 to 3/1,000 live births 
during the last four decades.

Risk Factors and Classifi cation
Cerebral palsy results from a nonprogressive lesion, an injury sustained during the period of brain growth, or a 
developmental defi cit of the brain. Although motor defi cits are the essential diagnostic feature of cerebral palsy, 
associated defi cits resulting from the CNS pathology may occur. Th e brain lesions that lead to cerebral palsy 
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Clinical genetics evaluation
1.   Clinical history
2.   Family history
3.   Physical examination
4.   Dysmorphology and 
      neurology examinations
5.   Cytogenetics
6.   FISH subtelomeric study
7.   Fragile X molecular genetic 
      testing
8.   Molecular genetic testing
9.   Target metabolic testing
10. Targeted MRI

Clinical history
Family history

Physical examination
Dysmorphology examination

Neurology examination

Clinical
diagnosis?

Metabolic testing: MRI if
microcephaly,

macrocephaly, other
indications

Diagnosis?NoDiagnosis? No

Diagnosis?

Confirm with testing:
cytogenetic, FISH

subtelomere, fragile X or
other molecular genetic
testing, or appropriate

metabolic testing

Fragile X genetic testing,
cytogenetic evaluation,
routine >650 bands; if

negative, then FISH for
subtelomere, metabolic

testing

Genetic counseling,
management, specialist

referral, support
information

Yes
Yes

Additional consultations,
as needed

No

Re-evaluation after
chosen time interval

Testing of family members,
as clinically indicated
(e.g., FISH results)

No Yes or suspected

FIGURE 12-2. Recommended evaluation for children with intellectual disability of unknow etiology. Reprinted with 
permission from Pediatrics, Moeschler, J. et al, 117(6):2307, 2006. FISH, fl uorescence in situ hybridization; MRI, magnetic 
resonance imaging.

may occur during the prenatal, perinatal, and postnatal periods. Risk factors for cerebral palsy are listed in Table 
12-4. In most cases, there is no defi ned etiology.  However, prematurity remains the greatest risk factor caus-
ing cerebral palsy. Based on movement and posture abnormalities there are three major types of cerebral palsy: 
spastic, dyskinetic, and mixed (Table 12-5). Rare types of cerebral palsy include atonic and rigid types.

A system of classifi cation based on the ability of children with cerebral palsy to perform specifi c mo-
tor function has been developed by Palisano et al, called the Gross Motor Function Classifi cation System 
(GMFCS), which is categorized into fi ve groups (Table 12-6).
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 TABLE 12-4

Risk Factors Associated With Cerebral Palsy

Prenatal Neonatal/Perinatal Postnatal

Congenital malformations Prematurity �32 weeks’ gestation Trauma

Social and economic factors Birth weight �2,500 g Infection

Maternal intrauterine 
infections

Growth retardation Intracranial 
hemorrhage

Reproductive insuffi  ciency Abnormal presentation Coagulopathy

Toxic/teratogenic agents Intracranial hemorrhage Metabolic

Maternal intellectual 
impairment

Infection

Seizures Bradycardia and hypoxia

Hyperthyroidism Seizures

Multiple births Hyperbilirubinemia

Placental complication

Abdominal trauma

 TABLE 12-5

Classifi cation of Cerebral Palsy

Type/Subtype Involvement/Characteristics

Spastic (most common)

Spastic diplegia
Spastic quadriparesis
Spastic triplegia
Spastic hemiparesis
Spastic monoplegia

Both upper legs
Both upper arms and upper legs, but more severe in lower extremities
Both lower legs and one arm
One side of body, arm and leg (more involvement in arm)
One limb, usually mild, and very often a misdiagnosed hemiplegia

Dyskinetic

Athetosis
Dystonia

Chorea (uncommon)

Slow writhing movements of the face and distal extremities
Rhythmic twisting movements of trunk and proximal limbs with 
changes in muscle tone
Rapid irregular jerky movements of face and extremities

Mixed

Spastic athetoid
Spastic ataxic

Spasticity and athetoid movements
Unsteadiness, nystagmus, dyskinetic and uncoordinated movements

Adapted from Molnar GE, Alexander MA (eds): Pediatric Rehabilitation, 3rd ed. Philadelphia, Hanley & Belfus, 

1999, p 194.
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 TABLE 12-6

Gross Motor Function Classifi cation System (GMFCS)
GMFCS I Walks, climbs stairs indoors and outdoors. No limitations.

GMFCS II Walks indoors and outdoors, climbs stairs holding railings. 
Limitations on uneven surfaces and inclines.

GMFCS III Walks indoors and outdoors, on level surfaces with assistive devices. 
Propels wheelchair.

GMFCS IV Uses assistive device for ambulation and short distances.  
Uses wheelchair indoors and outdoors.

GMFCS V Dependent in mobility.

 TABLE 12-7

Medical Conditions Associated with Cerebral Palsy
Intellectual disability

Seizures

Hydrocephalus

Speech and communication disorders

Swallowing problems

Vision impairment

Hearing impairment

Learning disabilities

Behavior disabilities

Dental abnormalities

Clinical and Laboratory Evaluation
History

Th e history should include a detailed prenatal, perinatal, and developmental history; family history; medical 
history; feeding history; and a review of systems. Early symptoms and signs that should arouse suspicion of 
cerebral palsy are delayed motor development and abnormal muscle tone, along with posture and movement 
patterns.

Physical Examination

Th e physical examination consists of a general examination (e.g., head circumference, height, and weight), an 
assessment of the musculoskeletal system (e.g., range of motion of major joints, leg length, spine assessment), 
and a neurologic examination (e.g., alertness, cranial nerves, muscle tone, posture refl exes). Gait, mobility, func-
tional, and developmental assessments are essential. During the course of the examination, the clinician should 
remember that several medical conditions are associated with cerebral palsy (Table 12-7).

Laboratory Evaluation

As with other developmental disabilities, laboratory studies, neurodiagnostic imaging, visual/auditory evoked 
potentials, electroencephalograms (EEGs), and electrophysiologic studies may be appropriate as determined 
by the history and physical/neurological exam. Etiologic considerations should include metabolic and genetic 
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diseases, so that studies such as thyroid function, chromosomes, organic and amino acids, lactate, and pyru-
vate should be considered. Neuroimaging studies (magnetic resonance imaging [MRI], computed tomography 
[CT], and cranial ultrasound) may be necessary to rule out intracranial hemorrhages, congenital malformations, 
and periventricular leukomalacia. Evoked potentials may provide information regarding the integrity of visual 
and auditory pathways.

Clinical Course
Th e clinical course of cerebral palsy is diverse depending on type, severity, and clinical manifestations. Clinical 
fi ndings at the time of diagnosis may change over the years due to growth and development or due to therapeutic 
intervention or lack of it. Initially, children may be hypotonic; later, they may become hypertonic or dyskinetic. 
Secondary adverse musculoskeletal eff ects due to muscle imbalance, abnormal posture, and abnormal muscle 
tone aff ect the functional outcome and tend to occur earlier in children with moderate-to-severe disability.

In spastic hemiparesis, children may have signifi cant loss of function in the aff ected hand if sensory im-
pairment is present in addition to the weakness and/or spasticity. Th is can lead to contractures and growth dis-
turbances in the aff ected limb. However, most aff ected children can be independent in self-care, with adaptive 
utensils for bimanual fi ne motor skills. Almost all children with hemiplegia walk; however, they may need an 
orthosis to support a weak limb or to stretch tight muscles.

In spastic diplegia, children may have impaired hand function at the onset. With therapeutic exercises 
and functional training, they usually achieve independence in activities of daily living. With intensive physi-
cal therapy and the use of orthotic devices, walkers, and crutches, standing and walking may be possible. For 
long-distance mobility, wheelchairs may be necessary. Spasticity may lead to contractures of major joints and 
abnormalities of posture and gait. Orthopedic deformities may require surgical intervention.

In spastic quadriparesis, children have varying degrees of severity in motor defi cits, which directly infl uence 
the acquisition of motor skills and functional independence. Persistent increased muscle tone in the extremities 
may cause hip dislocation, pain, and scoliosis, especially in nonambulatory children. Associated defi cits such as 
mental retardation, seizures, hearing and visual impairments, and oromotor defi cits may further compromise the 
acquisition of functional skills. Of children with spastic quadriparesis, 25% have minimal or no functional limi-
tations in activities of daily living and walking, 50% have moderate involvement and need assistance in self-care 
and mobility, and the remaining 25% have severe defi cits and require total care.

Pediatric Pearl: Intellectual disability is the most serious associated defi cit in cerebral palsy, 
with an overall incidence of 30% to 50%. It is one of the main factors that preclude inde-
pendent living skills in adults with cerebral palsy.

Pe
wi
pe

In dyskinetic cerebral palsy, children have prolonged hypotonia and persistent primitive refl exes. Between 
18 months and 2 years of age, they develop athetoid movements in their distal extremities, which progress to 
dystonic movements with growth and maturation. Upper extremities are more involved than the lower extremi-
ties. About 50% of children walk independently, often after 3 years of age, and they develop upper extremity 
control adequate for self-care activities. Scoliosis may occur later in life.

Prediction of long-term outcome in cerebral palsy in the fi rst few years of life is diffi  cult. Th e outcome is 
determined by the severity of the motor defi cits, presence of associated defi cits (Table 12-8), and the eff ect of 
intervention. Overall, 75% of children with cerebral palsy walk either independently or with assistance. Failure 
to achieve independent sitting by 2 years of age and the persistence of primitive refl exes at 18 months of age has 
been shown to herald a poor prognosis for walking in children with cerebral palsy. Th e presence of intellectual 
disability, seizure disorders, and severe motor disability render functional independence less likely in adults.

Pediatric Pearl: Good prognostic indicators of independent walking are independent 
sitting by 2 years of age, and suppression of obligatory primitive refl exes by 18 months 
of age.

Pe
sit
of

Because motor control is acquired gradually during the fi rst year of life, it is diffi  cult to recognize mo-
tor defi cits at birth or in the child’s fi rst few months of life, unless the abnormalities are signifi cant. As the 
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neuromuscular defi cit and the abnormal movement patterns continue to evolve, the diagnosis can usually be 
confi rmed at the end of the fi rst year. In mild cases the diagnosis may be overlooked until much later when the 
abnormalities in walking and signifi cant developmental delays are noted.

Management
Management of cerebral palsy involves the treatment of motor disabilities, the treatment of associated defi cits, 
the promotion of good physical and emotional health, family support, appropriate educational and vocational 
services, integration into the community, and prevention or minimizing potential complications. Once the diag-
nostic workup is complete, the clinician should develop a therapeutic plan. Intervention must be initiated when 
there is evidence of motor delays or abnormalities of muscle tone. Table 12-9 summarizes treatment modalities 
used in the management of children with cerebral palsy.

Th e treatment of motor defi cits involves various types of therapeutic systems. No one method is suitable 
for all children, and therefore development of individualized therapeutic regimens depending on age and the 
extent of involvement is necessary. Important components of physical therapy include stretching tight muscles, 
maintaining and improving the range of motion in joints, and strengthening weak muscles. In infants and young 
children these essential components are achieved by placing children in diff erent positions to encourage the use 
of spastic muscle groups or through age-appropriate play and by use of adaptive toys and games. In addition 
to strengthening and stretching exercises, physical therapy involves training of postural and motor control to 
achieve age-appropriate developmental skills. Occupational therapy promotes achievement of self-care skills 
and fi ne motor skills. Speech and language pathologists encourage activities to improve oral motor functions 
such as feeding, swallowing, and articulation.

Orthotic Devices

Orthoses are used as an adjunct to physical and occupational therapy to maintain range of motion of joints, 
provide support in weightbearing or walking when the muscles are weak, or improve function such as in hand 
splints to assist in feeding. Orthoses may be necessary following surgery to maintain the surgical correction. 
Th erapists may fabricate them using low-density plastic materials such as Aquaplast; usually, these devices are 
quite inexpensive and need frequent changing as children grow. Custom-fabricated orthoses made of laminated 
plastic or polypropylene are quite expensive. Periodic evaluation is necessary to ensure proper fi t and to assess 
the need for continued use.

 TABLE 12-8

Associated Disorders in Cerebral Palsy
Intellectual disabilities 50%–70% overall

Greater with increase in severity in motor impairment

Seizures Overall common in severe cerebral palsy

Pulmonary disorders Aspiration pneumonia, frequent infections 

Speech and communication disorders Articulation defi cits, disathria

Oro-motor defi cits Poor sucking ability and tongue thrust, swallowing problems, 
excessive drooling

Vision impairment Strabismus, myopia, cortical visual impairment, retinopathy

Hearing impairment Common in athetoid type, sensory neural hearing loss

Learning disabilities With associated language impairment

Behavior disabilities ADHD, emotional lebility, anxiety, anger

Dental abnormalities Malocclusions, periodontal diseases

ADHD, attention defi cit hyperactivity disorder.
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Durable Medical Equipment

Durable medical equipment refers to devices used to achieve self-care, mobility, communication, vocational 
skills, and recreational activities in children where attainment of these skills may not be otherwise possible. An 
adapted bath chair may assist parents in bathing a child with poor head and trunk control who is unable to sit. 
An adapted stroller or a wheelchair can help transport a child to school. A walker or crutches can assist a child 
who has impaired balance to walk. When choosing equipment, it is important to consider the functional goals, 
prognosis, patient and family needs, and cost-eff ectiveness. Periodic evaluation is important, and as a result of 
children’s growth and achievement of functional skills, repair and replacement of the devices may be necessary.

Early Intervention

Th ese family-focused services, which are part of a multidisciplinary approach to the treatment of cerebral pal-
sy, help establish eff ective parenting skills and improved infant–caregiver interactions. Services can be either 

 TABLE 12-9

Treatment of Cerebral Palsy
1. Th erapeutic intervention

Physical therapy—Strengthening, stretching of tight muscles, improve trunk balance and mobility
Occupational therapy—Improved fi ne motor skills, age-appropriate daily living
Speech therapy—Improved receptive and expressive language skills, articulation, use of sign language 
and use of nonverbal communication devices
Feeding therapy—Improved swallowing, chewing and oro-motor defi cits, instruction of family

2. Orthotics devices: Static or dynamic

Upper extremity—Elbow splints, wrist/hand splints
Lower extremity—Hip abduction orthosis, knee-extension splints, orthosis, ankle/foot orthosis 
and shoe inserts
Spinal—Low-profi le body jackets for scoliosis and kyphosis

3. Treatment of muscle tone abnormalities

Medications—Oral and intrathecal baclofen, dantrolene sodium, diazepam and tizanidine
Chemodenervation—Botulinum toxins, alcohol, phenol intramuscular injections
Selective dorsal rhizotomy—L2/S2 nerve rootlet resection

4. Orthopedic surgery

Muscle releases
Tendon transfers
Osteotomies/arthrodesis
Scoliosis surgery

5. Treatment of associated medical conditions

Refer to Table 12-6

6. Assistive technology

Positioning—Adapted chairs, standers
ADL—Feeder seats, bathing/toileting devices, specialized beds/cribs
Mobility—Manual and power wheelchairs, strollers, walkers, canes, crutches
Th erapeutic—Body weight supported mobility systems (smart-walker, Hart-walker, light gait)
Educational—Computers with specialized software, communication devices, eye-gaze systems and 
adapted toys, games, and books

ADL, activities of daily living.
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home-based or center-based. Parents receive instructions concerning handling and positioning as well as on 
feeding techniques. Trained physical, occupational, and speech therapists provide the teaching. Th e goal is to 
promote normal movement patterns and to enable young children with limited motor abilities to explore their 
environment. Families also receive psychosocial support to improve parents’ coping abilities. Early intervention 
programs provide services until the child’s third birthday. At that time, referrals to preschool programs for con-
tinuation of services are available if needed.

Orthopedic Surgery

Well-timed use of orthopedic procedures can improve function and prevent or correct deformities in children 
with cerebral palsy. Aff ected children usually do not have orthopedic problems at birth, but they develop defor-
mities and limitations in range of motion due to spastic muscle imbalance and deforming forces. Prior to surgery 
it is essential that clear-cut goals and expectation for surgery are established and postoperative management is 
organized. Postoperative management usually includes physical therapy for range of motion, strengthening, gait 
training, and use of orthoses and casts to maintain surgical correction.

Several neurosurgical procedures have been used in the treatment of spasticity. Selective dorsal rhizotomy 
of L2 to L5 spinal rootlets followed by intensive physical therapy has been successful in decreasing spasticity. 
In children who are ambulatory, postoperative gait analysis has shown an increase in stride length and an im-
provement in hip and knee range of motion. In nonambulatory children, decreasing spasticity by selective dorsal 
rhizotomy has resulted in easier management by caregivers and an improvement in optimal positioning, thereby 
preventing decubiti and deformities.

Asymmetric muscle imbalance, poor posture, spastic muscles, and joint contractions all contribute to the 
development of spinal curvature. Serial radiographs should be taken at regular intervals to monitor the spine. 
Curves up to 20 degrees necessitate physical therapy for stretching of tight muscles and careful monitoring. 
Curves between 20 degrees and 40 degrees require use of a spinal orthosis in conjunction with stretching exer-
cises and proper positioning to delay or control the rate of progression of the spinal curve during growth. When 
scoliosis is progressive in spite of adequate use of orthoses or when the curve is greater than 40 degrees, surgery 
is indicated. Progression of the curvature appears to be greater in children who are nonambulatory.

Spastic muscles of the hip can cause pelvic obliquity, decreased sitting balance, and gait deviations in chil-
dren who are ambulatory. Deformities of the knees can cause crouch posture when standing and can interfere 
with sitting and walking.

Deformities due to spastic muscle imbalance of the calf muscles result in equinus deformity of ankles and 
toe walking. Surgery for correcting deformities of the lower extremities involves lengthening of tight muscles, 
tendon transfers, osteotomies, or arthrodesis in older individuals. Postoperative management includes immobi-
lization in a cast for 6 to 8 weeks followed by the use of orthoses and gait training as needed.

Deformities of the upper extremities are due to dynamic muscle imbalance, spasticity, and contractures. 
Goals of treatment are to improve function and appearance. Prior to surgery, it is important to do a botulinum 
toxin A neuromuscular block of selected muscles to assess the eff ect. Postoperative intensive rehabilitation and 
use of casting as well as dynamic splints are important. Commonly used procedures include tendon lengthening 
of elbows, tendon lengthening of thumb, Z-plasty of fi rst web space, and tendon transfer to improve supination 
and wrist extension.

Medical Management

An integral part of the management of motor disabilities includes treatment of abnormal muscle tone. Many 
modalities are available, including therapeutic heat, cold, biofeedback, and functional and therapeutic electrical 
stimulation. Although studies have shown that these treatments are eff ective in decreasing spasticity, the eff ects 
are of short duration and few validated studies are available.

Intramuscular blocks using botulinum neurotoxin A (Botox) reduce spasticity for 3 to 6 months when ad-
ministered to selected spastic muscles. Th is treatment improves range of motion and decreases deformities, and 
it has proved especially useful in managing spastic triceps surae muscles in toe walking. Following the procedure, 
it is important to use an orthosis to maintain the range of motion and to continue physical therapy to increase 
the muscle strength and motor control.

Frequently used oral antispastic medications are benzodiazepines, tizanidine, dantrolene sodium, and baclofen, 
which decrease the muscle tone but do not necessarily improve function. When used in large doses in the treatment of 
moderate-to-severe spasticity, side eff ects that preclude long-term use include weakness, fatigue, and drowsiness.

In addition, Baclofen may be administered via a programmable pump that has been surgically implanted in 
the anterior abdominal wall and connected with a catheter to the spinal canal (intrathecal). Th is technique results in 
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improved function and reduced spasticity. Long-term effi  cacy in children with cerebral palsy has not been established. 
Th e advantages of this procedure include easy administration of the medication directly into the spinal canal with an 
ability to use very low doses to achieve the desired eff ects. Th e disadvantages are the prohibitive cost of the equipment 
and medication, as well as possible infection, cerebrospinal fl uid (CSF) leaks, and kinking of the catheter.

Th e primary goals of intervention in cerebral palsy are to maximize functional skills, foster independence, 
and prevent or minimize complications. Periodic evaluation and assessment of physical growth and nutrition 
is essential, and appropriate educational placement with classroom adaptation to compensate for the disability 
and counseling for emotional and social adjustment is imperative. Th e primary pediatrician plays an important 
role in monitoring access to therapeutic services, subspecialty referrals, and other needs of the child and family 
within the medical home.

AUTISTIC SPECTRUM DISORDERS
Th e autistic spectrum encompasses a continuum of disability with core defi cits in socialization, communication, 
and restricted behavioral repertoire. It is important to appreciate the wide variation in behavioral phenotype. 
Public awareness of the autistic spectrum has greatly increased, resulting in earlier recognition and greater avail-
ability of intervention services. Pediatricians need to be prepared to recognize the early signs of autistic spectrum 
disorder (ASD), and to address parental concerns as to whether their child may be on the autistic spectrum. Th e 
AAP recommends routine screening of all children for ASDs at the 18- and 24-month well-child visits (Figure 
12-3). In addition, certain “red fl ags” should raise suspicion of the possibility of an ASD and initiate further 
evaluation as soon as possible. Among these are a family history of ASDs, delayed joint attention and commu-
nication, and parental concern regarding the child’s attainment of milestones and/or social skills. Th e “Learn the 
Signs, Act Early” campaign initiated by the Centers for Disease Control and Prevention (CDC) (http://www.
cdc.gov/ncbddd/autism/facts.html) off ers excellent resources for early recognition of ASDs.

Presentation
Children on the autistic spectrum can present before the emergence of spoken language with impairments in 
joint attention. Joint attention involves sharing interest in an object or event by nonverbal means, such as gaze 
following or pointing, and should be evident before the end of the fi rst year. ASDs may also present in the tod-
dler to preschool years with histories of diffi  cult to manage behavior and/or delayed speech and language de-
velopment. Th ere may be descriptions, often in retrospect, of remoteness or unusual placidity during infancy. As 
toddlers, autistic children may seem unusually independent. Th ey may be insistent on following routines, resist 
transitions, and be unusually sensitive to sensory stimuli. Approximately one-third of parents report that their 
child’s language or social skills appeared normal and then seemed to have regressed somewhere between 18 and 
24 months of age. Th is phenomenon of autistic regression is currently under study. 

Pediatric Pearl: Children on the autistic spectrum can present before the emergence of 
spoken language with impairments in joint attention.
Pe
sp

Prevalence
Autistic spectrum disorders are common. Th e National Center on Birth Defects and Developmental Disabili-
ties (NCBDDD) of the CDC has recently reported the prevalence of ASDs to appear in 1/110 children. More 
recently, Kogan et al reported the point prevalence of ASDs to be approximately 1/91 children. 

Diagnosis
Diagnostic criteria have been defi ned in the American Psychiatric Association’s Diagnostic and Statistical Man-

ual of Mental Disorders, 4th edition, text revision (DSM-IV-TR). Th e DSM-IV-TR terms this spectrum the 
pervasive developmental disorders, and defi nes diagnostic criteria in three domains (Table 12-10). Autistic dis-
order represents the severe end of the pervasive developmental disorder (PDD) spectrum. Other PDDs include 
Asperger syndrome, Rett syndrome, childhood disintegrative disorder, and PDD not otherwise specifi ed, which 
all involve varying combinations of diagnostic criteria (see Diff erential Diagnosis, which follows). 
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Th e diagnosis of autistic spectrum disorder is best made by a multidisciplinary team. Members of such a team 
might include medical specialists (e.g., developmental-behavioral pediatricians, pediatric neurologists, child psychia-
trists), psychologists, speech and language pathologists, occupational therapists, and special educators. Instruments such 
as the  Autism Diagnostic Observation Schedule (ADOS) (http://portal.wpspublish.com/) or Childhood Autism  Rating 
Scale (CARS) (http://psychcorp.pearsonassessments.com) are often used to provide more objective assessments.

Th e intelligence of autistic children often falls in the intellectually defi cient range. However, the language 
and social defi cits that defi ne the autistic spectrum disorders make it diffi  cult to obtain an accurate estimate of 
an individual’s intellectual potential using standardized psychological tests. Underlying cognitive level contrib-
utes signifi cantly to the behavioral phenotype. Autistic individuals may have uneven cognitive profi les. Some 
autistic children with higher functioning may display unusual abilities or talents, amass facts about obscure sub-
jects, or have unusually keen memories. Individuals functioning in the severe-to-profound ranges of intellectual 
disability may be labeled autistic when in fact their remoteness is due to signifi cant cognitive impairment.

Autistic disorder implies a severe impairment in reciprocal social interaction. Awareness of existence, 
thoughts, or feelings of others may be markedly impaired. Children may seem to be “in their own world,” showing 
little or no interest in social relationships. Th ey may not seek to share pleasurable or painful experiences. Displays 
of aff ection may appear inappropriate in context. Eye contact may be limited but is not necessarily absent.

Communication is signifi cantly impaired, with total lack of spoken language or atypical use of language. 
Comprehension is also severely aff ected. Autistic children may be unable to follow even simple verbal directions. 

Extra Visit for Autism-
Related Concern,

ASD Risk Factor, or
Other Developmental/

Behavioral Conern

1b

Perform Surveillance
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FIGURE 12-3. Algorithm for screening and evaluation of ASDs. Reprinted with permission from Pediatrics, Johnson CP. 
et al, 120(5):1196, 2007.
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Th ey may communicate their desires by grabbing their caregiver’s hand to point to an object. Children who do 
speak have severely impaired social rules of language pragmatics, which compromise or prevent the ability to 
engage in conversation. Language may be idiosyncratic, consisting of utterances of abnormal intonation, rate, or 
rhythm. Echolalia, the repetition of what was heard immediately or sometime in the past, may be prominent. 
Autistic children may repeat television commercials or favorite songs, or may appear to be reciting monologues 
or scripts. Play lacks symbolism and is often repetitive and devoid of imagination.

Autistic children may exhibit atypical patterns of behavior, interests, and activities, showing intense at-
tachment to a particular object such as a piece of string or a magazine page. Insistence on routines or rituals is 
seen. Autistic children may engage in a variety of self-stimulatory behaviors such as rocking in place, spinning in 
circles, or fl apping hands. Interruption of these patterns of behavior may cause severe distress. Temper tantrums, 
hyperactivity, self-injurious behaviors, aggression, and destructiveness are common.

Pathophysiology
Autism has no single known cause. A defi nite etiology is evident in only 10% to 20% of cases. Syndromes such 
as fragile X syndrome or tuberous sclerosis have been implicated but no defi nite association has been found. 
Genetics clearly plays a role; 80% to 90% of monozygotic (identical) twins, but only 10% of dizygotic (fraternal) 

 TABLE 12-10

Diagnostic Criteria for Autistic Disorder

Total of six (or more) items from (1), (2), and (3), with at least two from (1) and one each from (2) 

and (3):

1. Qualitative impairment in social interaction, as manifested by at least two of the following:

a.  Marked impairment in the use of multiple nonverbal behaviors such as eye-to-eye gaze, facial 
expression, body postures, and gestures to regulate social interaction

b. Failure to develop peer relationships appropriate to developmental level
c.  Lack of spontaneous seeking to share enjoyment, interests, or achievements with other people (e.g., 

lack of showing, bringing, or pointing out objects of interest)
d. Lack of social emotional reciprocity

2. Qualitative impairments in communication as manifested by at least one of the following:

a.  Delay in, or total lack of, the development of spoken language (not accompanied by an attempt to 
compensate through alternative modes of communication such as gesture or mime)

b.  In individuals with adequate speech, marked impairment in the ability to initiate or sustain a con-
versation with others

c. Stereotyped and repetitive use of language or idiosyncratic language
d.  Lack of varied, spontaneous make-believe play or social imitative play appropriate to developmental level

3. Restricted repetitive and stereotyped patterns of behavior, interests, and activities, as manifested by at 
least one of the following:

a.  Preoccupation with one or more stereotyped and restricted patterns of interest that is abnormal 
either in intensity or in focus

b.  Apparently infl exible adherence to specifi c, nonfunctional routines or rituals
c.  Stereotyped and repetitive motor mannerisms (e.g., hand or fi nger fl apping or twisting, complex 

whole-body movements)
d. Persistent preoccupation with parts of objects

Delays or abnormal functioning in at least one of the following areas, with onset prior to 3 years of age: 
(1) social interaction, (2) language as used in social communication, or (3) symbolic or imaginative play

Not better accounted for by Rett disorder or childhood disintegrative disorder

From American Psychiatric Association: Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition. 

 Washington, DC, American Psychiatric Association, 1994. 
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twins or siblings, tend to be diagnosed on the same spectrum. ASDs are thought to involve multiple genes as 
well as epigenetic factors (changes in gene expression that occur without changes in DNA sequence). Environ-
ment may also aff ect the expression of the phenotype, yet there is no scientifi c evidence for some media-driven 
theories to implicating factors such as vaccines, toxic exposures, or diet. 

Medical Evaluation
History

Th e comprehensive assessment of a child with suspected ASD should include a thorough past medical and 
developmental/behavioral history. Current recommendations suggest that family history include information 
on at least three generations.

Physical Examination

Th orough physical and neurologic examination is indicated, as it is for all children with developmental delay. 
Special attention should be paid to the presence of dysmorphic features, neurocutaneous markings (aided by the 
use of a Wood’s lamp), and neurologic abnormalities. 

Laboratory Evaluation

Laboratory tests are indicated when a particular etiologic condition is suspected on the basis of history or physi-
cal exam. Th e yield of an etiologic evaluation is increased when ASD is associated with intellectual disability, 
and medical workup should follow the guidelines discussed in the context of intellectual disability, previously 
described. Recent advances in genetic technology off er the promise of greater diagnostic yields, leading many 
experts to suggest referral for genetic evaluation for all individuals with ASDs. Th e reader is referred to the re-
cent American College of Medical Genetics practice guidelines (see Schaefer and Mendelsohn under Suggested 
Readings) for a discussion of the clinical genetic evaluation for etiology of ASDs.

Differential Diagnosis
Autistic disorder must be diff erentiated from other disorders on the PDD spectrum. Asperger syndrome 
involves impaired socialization without delay in language development or signifi cant cognitive delay. Rett 
syndrome is now known to be caused by a mutation in the MECP2 gene carried on the X chromosome. It was 
originally described as a disorder aff ecting only females, who manifest severe cognitive delays after a period of 
apparently normal development, with slowing of brain growth and hand mannerisms. Th e same mutation has 
been identifi ed in males; however, it is more frequently lethal in utero or in early infancy. Childhood disinte-
grative disorder involves severe cognitive and social regression in children who were developing normally in 
the fi rst 2 years of life. PDD not otherwise specifi ed is the diagnostic terminology reserved for those individu-
als manifesting at least two diagnostic criteria on the PDD spectrum but not those for specifi c disorders. 

Management
Th ere is no cure for autism. Th e most eff ective intervention is individualized education aimed at promoting 
communication and socialization while minimizing negative behaviors. Programs using ABA (applied behav-
ioral analysis) involve intensive individual instruction in a highly structured setting. Other interventions such as 
DIR (developmental, individual-diff erence, relationship-based; also known as “fl oortime”) or TEACCH (treat-
ment and education of autistic and related communication-handicapped children) have also proven eff ective. 
Psychotropic medications can be benefi cial in achieving behavioral control.

Prognosis for individuals with ASDs is generally determined by underlying cognitive potential, degree 
of communication impairment, and associated behavioral profi le. Ultimate functioning in autism ranges from 
complete lack of communication skills and dependence on others to independent living and attainment of ad-
vanced educational degrees.

Parents of autistic children frequently receive promises of dramatic results from unconventional, inad-
equately studied interventions that may be time-intensive, costly, and off er little but false hopes. It is the pe-
diatrician’s responsibility to assist parents in gathering information and objectively interpreting what is known 
about new and unorthodox therapies. As with intellectual disability and other developmental disabilities, the 
pediatrician should serve as a source of information and support, guiding families in accessing services, monitor-
ing their children’s progress, and anticipating the needs of children and families.
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LEARNING DISABILITIES
Learning disabilities refer to a broad range of disorders that cause diffi  culties in academic achievement well 
beyond those expected given an individual’s level of intellectual functioning. Th e National Joint Committee on 
Learning Disabilities defi nes learning disabilities as a heterogeneous group of disorders manifested by signifi -
cant diffi  culties in acquisition and use of listening, speaking, reading, writing, reasoning, or mathematical abili-
ties, or of social skills. Th ese disorders are intrinsic to the individual, presumed to be due to CNS dysfunction, 
and may occur across the life span. Problems in self-regulatory behaviors, social perception, and social interac-
tion may exist with learning disabilities but do not by themselves constitute a learning disability. Although 
learning disabilities may occur concomitantly with other handicapping conditions (e.g., sensory impairment, 
intellectual disability, serious emotional disturbance) or with extrinsic infl uences (e.g., cultural diff erences, 
insuffi  cient or inappropriate instruction), they are not the result of those conditions or infl uences.

Learning disabilities aff ect an estimated 2% to 10% of children and adults, with a male-to-female ratio 
of approximately 4:1. Th e prevalence varies depending on the precise defi nition of the disability. Associated 
problems include perinatal injury, neurologic conditions, and chronic illness or genetic predisposition, but it is 
often impossible to account for a particular learning disability. Psychosocial stressors and underlying emotional 
disorders such as depression and anxiety must also be considered when a child does not appear to be meeting his 
academic potential.

Clinical and Laboratory Evaluation
History

Children with learning disabilities often present with diffi  culties in learning to read. Many have diffi  culty in as-
sociating letter symbols with sounds and blending sounds into words. Th ese diffi  culties with phonemic aware-
ness, which are often seen in children who have histories of language delays, are broadly termed language-
based learning disabilities. After children have mastered basic phonics, language-based learning disabilities 
may aff ect children’s comprehension of what they have read. Still other children have diffi  culty recognizing 
symbols or visually decoding written words. Such nonverbal or perceptually based learning disabilities also 
have profound implications for academic achievement. Learning problems may also result from diffi  culties 
with memory or attention. Inattention associated with attention defi cit hyperactivity disorder (ADHD) can 
be a primary cause of academic failure or can be secondary to a student’s inability to process the information 
presented in the classroom.

Children with learning disabilities may be puzzling to their parents and teachers. Th ey are smart children 
who have trouble learning, who seem competent in other aspects of their lives; however, they perform poorly 
in school. Th eir parents may conclude that they are not working to their full potential (i.e., they are lazy). Such 
children may fi dget, daydream, or “act out” because of long-standing diffi  culties keeping up with the pace of 
classwork. Th us, they begin to feel or may actually be labeled as “bad” as well as “stupid.” Negative self-esteem is 
inevitably associated with learning disabilities.

Physical Examination

A physical examination should be performed to rule out chronic medical conditions that might predispose a 
child to problems with attention or an inability to focus in the classroom. Hearing and vision screening and 
neurologic examination must be completed. Episodes of staring, for example, either observed or reported, merit 
consideration of possible absence seizures.

Laboratory Evaluation

As is the case with other developmental disabilities, no routine laboratory assessment is indicated. Tests should 
be ordered only to confi rm or rule out the clinical suspicion of contributory medical conditions.

Management
Careful multidisciplinary assessment is necessary in order to diagnose a learning disability. A standardized 
psychological assessment fi rst documents cognitive potential. It is necessary to distinguish children with 
learning disabilities from “slow learners” (children whose intelligence falls in the borderline range; IQ that is 
one standard deviation below the mean). Although the pace of learning of borderline IQ children is some-
what slow, no one single area of defi cit, such as in language, memory, or perceptual skills, is identifi able. 
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Educational evaluation should then pinpoint areas of strength and weakness, academic strategies, and areas 
that need remediation. Additional components of the evaluation such as speech and language, occupational 
therapy, and psychosocial assessments should be considered based on a child’s particular problem. Multi-
disciplinary evaluation results in the formulation of an individual education plan (IEP), which delineates 
individual goals and implementation strategies. Under the law, parents have the right to be full participants 
in the educational planning for their children.

Although the pediatrician does not play the primary role in the diagnosis or management of learning dis-
abilities, parents who are frustrated with their child’s poor performance in school may consult the physician. 
Parents may mistakenly attribute school failure to behavioral issues or to factors that they perceive are under 
the child’s control. Raising the possibility of a learning disability can be the fi rst step in advocating for proper 
evaluation and for securing services aimed at helping the child learn.

ROLE OF THE PEDIATRICIAN IN CARING FOR CHILDREN WITH DISABILITIES
Th e pediatrician is in a position to serve as advisor and advocate for the child with a developmental disability 
and his or her family within the context of the medical home. Early on, the pediatrician must help the family 
access an appropriate evaluation for the child and must provide support and information as the family navigates 
through an often frightening and complicated process. Th ere is ample evidence that children with disabilities 
and their families have better outcomes when developmental disabilities are identifi ed and treated early. Th us, 
the pediatrician needs to identify delays as early as possible, monitor the necessary medical/diagnostic evalua-
tion, and follow the child to ensure that appropriate services remain in place.

Mandatory federal education laws for children with disabilities began in 1975 with the passage of PL 94-
142, the Education for All Handicapped Children’s Act. Renamed the Individual with Disabilities Education 
Act (IDEA) in 1990 (http://www.idea.ed.gov), this legislation mandates “early intervention” services with a 
family focus for children 0 to 3 years who manifest or are at risk for signifi cant developmental disability (Part 
C), and a free, appropriate public education, in the least restrictive environment, for all children 3 to 21 years 
(Part B). Th e pediatrician is in a position to inform parents of these entitlements, and must remain available for 
counsel and support once a disability has been confi rmed and intervention services are accessed. Once services 
are in place, ongoing monitoring of progress, in collaboration with other members of a multidisciplinary treat-
ment team, assures the child the best chance of meeting his or her maximal potential.
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CONGENITAL HEART DISEASE
Congenital structural defects are the most common cause of cardiovascular morbidity and mortality in chil-
dren, unlike in adults, in which diseases of the myocardium itself (e.g., ischemic cardiomyopathy secondary to 
coronary atherosclerosis) make up the largest portion of clinical cardiology practice. Other signifi cant causes of 
cardiovascular disease in children include cardiovascular dysfunction associated with systemic illness, arrhyth-
mia, and acquired heart disease. Congenital heart disease is present in 8/1,000 newborns; 50% of these are of 
suffi  cient severity to warrant cardiac catheterization or surgery in the fi rst year of life.

Pathophysiology
Not all congenital lesions present with symptoms immediately at birth. Knowledge of the cardiovascular adapta-
tions during the transition from fetal to extrauterine life is important in understanding the clinical presentation 
and pathophysiology of congenital heart lesions.

Th e fetal circulation places the right and left ventricles in a parallel circuit as opposed to the series circuit 
of the newborn or adult (Figure 13-1). In the fetus, the placenta provides gas and metabolite exchange. Th ree 
structures are important for maintaining this parallel circuit: the ductus arteriosus, the foramen ovale, and the 
ductus venosus. Venous return from the upper body enters the right atrium, the right ventricle, and then exits 
the heart via the pulmonary artery (see Figure 13-1A). Only 3% to 5% of right ventricular outfl ow enters the 
lungs. Because there is no gas exchange in the lungs, the pulmonary circulation is vasoconstricted. Instead, the 
majority of right ventricular blood supplies the descending aorta via the ductus arteriosus (right-to-left shunt in 
the fetus). Forty percent of fetal cardiac output goes to the placenta via the two umbilical arteries. Oxygenated 
blood from the placenta then returns to the fetus via the umbilical vein, entering the fetal inferior vena cava via 
the ductus venosus. Th is oxygen-enriched blood is selectively routed toward the left atrium by the eustachian 
valve, located at the inferior vena caval–right atrial junction, and by the fl ap of the foramen ovale. Th is blood 
then traverses the mitral valve, enters the left ventricle, and is ejected into the ascending aorta.

At birth, the mechanical expansion of the lungs combined with the increase in arterial PO2 decrease pul-
monary vascular resistance dramatically. Right ventricular outfl ow now fl ows entirely into the low-resistance 
pulmonary circulation (see Figure 13-1B). Because the pulmonary vascular resistance is now lower than systemic 
resistance, the shunt through the ductus arteriosus reverses (left-to-right shunt in the newborn).

Over the course of several days the high arterial PO2 constricts the ductus arteriosus. Th e increased pulmo-
nary blood fl ow returning to the left atrium increases left atrial volume and pressure suffi  ciently to functionally 
close the foramen ovale. Th e removal of the placenta from the circulation also leads to closure of the ductus 
venosus. Th us, within several days, an almost total transition from a parallel (fetal) to a series (adult) circula-
tion is completed. When congenital structural cardiac defects are superimposed on these dramatic physiologic 
changes, they often impede this smooth transition and increase the burden on the newborn myocardium. Finally, 
because the ductus arteriosus and foramen ovale do not close completely at birth, they may remain patent in 
certain congenital cardiac lesions. Th ese structures may either provide a lifesaving pathway for blood to bypass 
a congenital defect (e.g., in pulmonary atresia, coarctation of the aorta, or transposition of the great vessels) or 
may present an additional stress to the circulation (patent ductus arteriosus [PDA] or persistent fetal circulation 
associated with pulmonary hypertension).
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Clinical and Laboratory Evaluation
History

Th e cardiac history should always begin with a careful review of the pregnancy, including exposure to potential 
teratogens as well as maternal history of infections or gestational diabetes, which can cause hypertrophic car-
diomyopathy. A review of the perinatal period should focus on the Apgar scores, the occurrence of cyanosis or 
respiratory distress, and prematurity. If cardiac symptoms were present in infancy, it is necessary to inquire when 
symptoms began because the timing of presentation can provide a clue to the specifi c cardiac condition.

Th e symptoms of congestive heart failure are age-specifi c. In infants, feeding diffi  culties are common; feed-
ing represents a signifi cant stress for infants with congenital heart lesions. Th ese problems may be manifest as 
falling asleep halfway through a feed, sweating with feeds, or frequent gastroesophageal refl ux. Other symptoms 
and signs include rapid breathing, nasal fl aring, periorbital or fl ank edema, irritability, and chest retractions. 
Cyanosis often goes unrecognized by parents, especially in newborns, unless it is severe.

In older children, the early stages of congestive heart failure may be manifested by diffi  culty in keeping up 
with peers during physical activities, requiring a nap after coming home from school, and poor growth. In older 
children and adolescents, complaints of anorexia, nausea, and abdominal pain are often more common than 
respiratory distress. Other frequent complaints include unusual weight gain and pedal edema.

Pediatric Pearl: Abdominal distress is one of the more common symptoms of congestive 
heart failure in older children and adolescents; feeding intolerance one of the more com-
mon symptoms in infants.
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Physical Examination

general evaluation. Th e comprehensive cardiac examination begins before the clinician ever touches the pa-
tient. A novice examiner may place undue emphasis on cardiac murmurs; however, evaluation of the signifi cance 
of a murmur is best performed in the context of the rest of the physical examination. Often other signs such as 
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FIGURE 13-1. Transition of the fetal to the newborn circulation. (A) Fetal circulation and (B) early postnatal circula-
tion. Circled numbers represent oxygen saturations; non-circled numbers represent pressures in the diff erent chambers 
and vessels. Courtesy of Dr. Abraham M. Rudolph, University of California, San Francisco.
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the quality of the pulses, the presence or absence of growth retardation, the splitting of the second heart sound, 
or the presence of a ventricular heave allow the clinician to establish a specifi c cardiac diagnosis. With practice, 
not only will the examiner be able to diagnose a specifi c heart lesion, but the severity as well (e.g., the size of a 
ventricular septal defect [VSD] or the severity of aortic stenosis).

Th e examination should begin with a general assessment of the patient, with particular attention to the 
presence of cyanosis, abnormalities of growth and development (including head circumference in infants), vital 
signs (including both upper and lower extremity blood pressures), quality of peripheral perfusion, and evidence 
of respiratory distress. Cyanosis is usually best detected by examination of the nail beds, tongue, and mucous 
membranes (central cyanosis). Cyanosis is often incorrectly diagnosed in young infants because the color of the 
hands or feet is aff ected by cold (acrocyanosis).

Examination of the chest for equality of breath sounds and absence of adventitious sounds or rales, which 
could indicate pulmonary edema, is necessary. Many infants and young children who manifest wheezing, rather 
than rales, as a sign of pulmonary edema are often initially misdiagnosed as having bronchiolitis or asthma. Th e 
cardiac etiology comes to light once a chest radiograph reveals cardiomegaly.

Th e presence and degree of hepatosplenomegaly is worth noting, although in infants and younger children, 
the abdominal examination should occur after the chest is auscultated (for obvious reasons). Edema is evident 
in dependent regions: in infants, in the periorbital region and over the fl anks; in older children, in the abdomen 
and lower extremities.

Palpation of the peripheral pulses is necessary in all extremities, with radial and femoral pulses felt simul-
taneously. Normally, the femoral pulse should occur immediately before the radial pulse. However, in children 
with coarctation of the aorta, blood fl ow to the descending aorta may derive predominantly through collateral 
vessels. Th is results in the femoral pulse being delayed until after the radial pulse, known as a radial–femoral 
delay. Th is is a very sensitive indicator for the presence of coarctation.

Th e quality of the pulses can also yield important information regarding the severity of congenital heart 
lesions. For example, as aortic stenosis becomes more severe, both the amplitude and rate of rise of the pulse 
becomes diminished. Pulses may also be weak in patients with left ventricular dysfunction such as in dilated 
cardiomyopathy (DCM) or in any condition that results in diminished cardiac output. Irregular pulses are a sign 
of arrhythmia.
cardiac examination. Th e cardiac examination consists of three components: inspection, palpation, and aus-
cultation. It begins with visual inspection of the precordium for evidence of a sternal or left precordial bulge, 
indicating chronic right or left ventricular enlargement. Th is is often best accomplished by standing at the foot 
of the examination table, with the patient lying supine. In children, the point of maximal impulse can usually 
be visualized directly.

Th e next step in the cardiac evaluation is palpation of the precordium for thrills or heaves. An increased 
impulse below the sternum or along the left sternal border is usually associated with right ventricular hypertro-
phy or enlargement, whereas left ventricular enlargement is manifested by an increased and laterally displaced 
point of maximal impulse. Palpation of the precordium for thrills should take place next. Th rills at the lower 
left sternal border are usually associated with a VSD, those at the upper left sternal border with pulmonary 
outfl ow tract stenosis, and those at the upper right sternal border with aortic outfl ow tract stenosis. Palpation 
of the suprasternal notch for thrills should also occur. Because the aortic arch lies directly under the notch, the 
presence of a thrill in this location may detect even mild degrees of left ventricular outfl ow tract stenosis (e.g., 
bicuspid aortic valve). Although palpation of a carotid thrill may be useful in older children, this examination 
is diffi  cult in infants.

Only after the previous elements are completed should the clinician begin an examination for heart sounds 
and murmurs. It is helpful to warm the stethoscope briefl y by rubbing it between your hands, especially when 
examining infants.

Th e examiner should fi rst turn attention to auscultation of the heart sounds. Th e fi rst heart sound (S
1
), 

which may be split in some children, is best auscultated at the lower left sternal border or apex. Th e fi rst heart 
sound may be muffl  ed in conditions that result in decreased compliance of the left ventricle such as moderate-
to-severe aortic stenosis or the cardiomyopathies.

Th e second heart sound (S
2
) is heard best at the upper left and right sternal borders. Normally, it is physi-

ologically split into aortic and pulmonic components, with the pulmonic component varying with respirations 
(Figure 13-2). With inspiration, there is a decrease in intrathoracic pressure and an increased return of blood 
to the right atrium. Th ere is also a concomitant slight decrease in pulmonary venous return to the left atrium. 
Th e increased volume of blood fl owing across the right ventricular outfl ow tract results in the pulmonary valve 
closing later in the cardiac cycle, which is heard as an increase in the splitting of S

2
.
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Th e quality of S
2
 is quite important in the diagnosis of congenital heart disease. A single second sound 

may indicate absence or severe stenosis of one of the semilunar valves (aortic or pulmonary stenosis or atresia). 
A single second sound may also be audible in transposition of the great vessels. If systemic or pulmonary artery 
pressures are elevated that component of S

2
 is increased. Th us, in evaluating patients for the presence of pulmo-

nary hypertension, careful examination for the presence of a loud pulmonary component of S
2
 is vital.

Th e splitting of S
2
 also varies with congenital heart lesions (see Figure 13-2), the most common of which is the 

atrial septal defect (ASD). Here S
2
 is widely split and fi xed in its splitting; that is, it does not vary with respirations. 

Th is results from the increased blood fl ow across the pulmonary valve (due to the left-to-right shunt) through all 
phases of the respiratory cycle and equilibration of pressures between the two atria. A widely split S

2
 may also be 

heard in patients with right bundle branch block due to delayed activation of right ventricular contraction.
Ejection clicks are audible immediately following S

1
 and are usually associated with mild-to-moderate de-

grees of stenosis of the aortic or pulmonary valve. Gallops (S
3
 or S

4
) are ventricular fi lling sounds. Many normal 

children have an S
3
 gallop, whereas an S

4
 is almost always pathologic. Rubs are a sign of pericardial eff usion, 

although with large eff usions the rub may disappear and the heart sounds become muffl  ed.

Pediatric Pearl: Ejection clicks are often heard best directly over the superior part of the 
sternum, because bone transmits high-frequency sounds well. Ejection clicks that vary with 
respiration are usually due to pulmonary stenosis, those that do not, with aortic stenosis.
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FIGURE 13-2. Variation of the heart sounds with respiration. S
1
, fi rst heart sound 

due to closure of the mitral and tricuspid valves, S
2
, second heart sound due to 

closure of the aortic ( A ) and pulmonary (P ) valves, SEC, systolic ejection click.
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cardiac murmurs. Th e subject of childhood murmurs could fi ll a complete book (Zuberbuhler’s book is excel-
lent [see Suggested Readings]). Th e common congenital heart lesions can be diff erentiated by the quality of the 
heart murmurs they produce (Tables 13-1 and 13-2).

To best appreciate the basics of heart murmurs, it is necessary to understand their relationship to the 
cardiac cycle (Figure 13-3). Murmurs may be heard in either systole or diastole alone, as two separate mur-
murs during both phases of the cardiac cycle (to-and-fro murmur), or continuously (Figure 13-4). Th e early 
phase of cardiac contraction (immediately after S

1
 [i.e., closure of the tricuspid and mitral valves]) is known 

as isovolumic contraction because in this phase there is no egress of blood from a normal ventricle. Once 
the ventricular pressure rises to equal pulmonary arterial or aortic pressure, the appropriate semilunar valve 
opens, and the ejection phase of systole begins. It is important to note that a heart murmur that begins with 
isovolumic contraction (immediately after S

1
) must involve egress of blood from the ventricle through a defect 

of some sort (either a VSD or via regurgitation of one of the atrioventricular [AV] valves) because at this point 
in the cardiac cycle, the aortic and pulmonic valves are still closed. Similarly, murmurs related to abnormal fl ow 
across the ventricular outfl ow tracts must begin during the ejection phase of systole, and there is a short space 
between S

1
 and the murmur. If S

1
 is easily audible in the presence of a systolic murmur, it is likely that the 

murmur is an ejection murmur.
It is essential to evaluate murmurs for several features, all of which aid in assessing not only the type of 

congenital heart lesion but also the severity. Th e “shape” of the murmur is determined by whether it is heard uni-
formly through a portion of the cardiac cycle (e.g., pan or holosystolic), rises and falls (crescendo-decrescendo) 
or falls only (decrescendo) (see Figure 13-4). Th e length of the murmur in the cardiac cycle is often a good 
indication of severity. For example, as pulmonic stenosis worsens, the time it takes for the volume of blood to 
leave the right ventricle lengthens, and thus the murmur becomes longer.

Th e loudness of the murmur is related to the pressure diff erence across the area that the blood fl ows. In 
ASDs, in which the pressure across the two atria is either equal or low (0 to 5 mm Hg), no murmur is audible 
due to the defect itself, but a fl ow murmur is heard across the right ventricular outfl ow tract due to the increased 
volume of pulmonary blood fl ow. In valvar stenosis, the more severe the stenosis, the greater the pressure drop 
across the valve, and thus the louder the murmur. Th e tonal quality of the murmur is also aff ected by pressure 
diff erences. Blowing murmurs are of low frequency and usually associated with low pressure diff erences such 
as across a large “nonrestrictive” VSD (large enough so that right ventricular pressure is equal to left ventricular 
pressure) or in tricuspid regurgitation (the diff erence between right ventricular and right atrial pressure is usually 
low). Harsh murmurs are of high frequency and usually heard best with the diaphragm. Th ey are associated with 
high pressure diff erences such as in a small “restrictive” VSD (where the right ventricular pressure is much lower 
than left ventricular pressure), in more severe degrees of valvar stenosis, and in mitral regurgitation (because the 
diff erence between left ventricular and left atrial pressure is high).
innocent murmurs. Innocent or functional murmurs are common in children with a reported prevalence 
between 5% and 90%, depending on the population studied and the methods used. Th e job of the pediatrician 
and pediatric cardiologist is to distinguish the small percentage of these murmurs that represent organic heart 
disease, and avoid labeling normal children with cardiac diagnoses.

Th e most important steps in diff erentiating an innocent from an organic murmur include obtaining a his-
tory demonstrating an absence of cardiac symptoms, documenting normal growth and development, and noting 
the absence of other abnormalities on examination (e.g., heaves, thrills, abnormal heart sounds, alterations in 
the pulses, or cyanosis). If any of these factors is positive, the murmur must be considered organic until proven 
otherwise. If these factors are all negative, several features of the murmur itself can be used to confi rm its in-
nocent nature (Table 13-3).

Laboratory Evaluation

Th e comprehensive evaluation of the pediatric electrocardiogram (ECG) is beyond the scope of this chapter. 
However, several aspects of the pediatric ECG are diff erent from the adult ECG and deserve special mention.

Interpretation of the ECG should begin with an assessment of heart rate and regularity of rhythm. Heart 
rate is high in infancy and gradually decreases with increasing age, so it is necessary to diagnose tachycardia 
or bradycardia by referring to normal values for age. Assessment of whether the rhythm is sinus includes the 
following criteria: P wave before every QRS, normal PR interval, and normal P-wave axis (P wave upright in 
leads I and aVF). An abnormal P-wave axis may indicate an ectopic atrial focus, atrial inversion (associated with 
congenital heart disease), or a junctional beat with retrograde P-wave conduction. It is important to examine 
the P wave for the presence of right atrial enlargement (P wave greater than 2.5 mm in lead II and aVR) or left 
atrial enlargement (notched or biphasic P waves in leads V

1
 through V

2
).
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 TABLE 13-1

Physical Findings in Common Acyanotic Congenital Heart Lesions

Congenital 

Lesion

Palpation Cardiac Auscultation ECG Chest Radio-

graph

Left–to–right shunts

Atrial septal 
defect (ASD)

RV impulse Fixed, widely split S
2

Systolic ejection mur-
mur ULSB
Middiastolic rumble 
LLSB if large

Normal; occasion-
ally RSR’ in right 
precordial leads
RVH if large

Large RA, LA, 
RV, PA
Increased pulmo-
nary markings

Ventricular 
septal defect 
(VSD)

LV impulse
Th rill LLSB

�Widely split S
2

Holosystolic murmur 
LLSB
Middiastolic rumble 
apex if large

Normal or LVH; 
RVH if large

Large LA, LV, PA
Increased pulmo-
nary markings

AV septal 
 defect (AV 
 canal or 
endocardial 
cushion)

RV impulse � 
LV impulse

� Loud S
1

Holosystolic murmur 
LLSB
Soft ejection murmur 
ULSB
Middiastolic rumble 
LLSB or apex

Superior, counter-
clockwise axis
(Q waves in leads 
I and avL)

Large RA, LA, 
RV, LV
Increased pulmo-
nary markings

Patent duc-
tus arteriosus 
(PDA)

LV impulse
Bounding 
pulses

Continuous 
murmur ULSB and 
subclavicular area

Normal or LVH; 
RVH is large

Large LA, LV

Obstructive lesions

Pulmonic 
 stenosis (PS)

RV impulse
Th rill ULSB

Systolic ejection click 
(mild PS) Soft P

2

Systolic ejection 
 murmur ULSB

RVH Uptilt of cardiac 
apex (RVH)

Aortic stenosis 
(AS)

LV impulse
Decreased 
pulses
Th rill URSB, 
SSN, carotids

Systolic ejection click 
(mild AS) Soft A

2

Systolic ejection mur-
mur URSB and MLSB

LVH Dilated ascending 
aorta

Coarctation of 
the aorta

Decreased and 
delayed lower 
extremity pulses 
compared 
with upper 
extremities

Systolic ejection click 
(if bicuspid aortic valve)
Systolic or continuous 
murmur LSB and left 
subscapular area

RVH, LVH Collateral arteries 
(rib notching)
Inverted-three sign
Increased pulmo-
nary markings

ECG, electrocardiogram; LA, left atrium; LLSB, lower left sternal border; LSB, left sternal border; LV, left ventricle 

(ventricular); LVH, left ventricular hypertrophy; MLSB, middle left sternal border; PA, pulmonary artery; RA, right 

atrium; RV, right ventricle (ventricular); RVH, right ventricular hypertrophy; SSN, suprasternal notch; ULSB, upper left 

sternal border; URSB, upper right sternal border.
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 TABLE 13-2

Physical Findings in Common Cyanotic Congenital Heart Lesions
Congenital 

Lesion

Palpation Cardiac Auscultation ECG Chest Radiograph

Lesions with decreased pulmonary blood fl ow

Critical 
pulmonic 
stenosis

RV impulse Single S
2

± Systolic ejection 
 murmur ULSB
Continuous murmur 
ULSB (PDA or bronchial 
collaterals) Holosystolic 
murmur LLSB (tricuspid 
regurgitation) 

RVH Decreased pulmonary 
fl ow

Tetralogy of 
Fallot

RV impulse
� Th rill 
ULSB

Loud, single S
2

Harsh systolic ejection 
murmur
ULSB and MLSB

RVH, RAD Decreased pulmonary 
fl ow
“Boot-shaped” heart
Right aortic arch (25%)

Tricuspid 
atresia

LV impulse Narrowly split S
2
, 

soft P
2

Harsh systolic 
murmur LSB

LVH, left 
 superior axis

Decreased or increased 
pulmonary markings
Round cardiac silhouette

Ebstein 
anomaly of 
tricuspid 
valve

Triple or quadruple heart 
sounds
Soft, holosystolic 
 murmur LLSB

RAE, prolonged 
P-R, bundle 
branch block, 
preexcitation

Massive RA  enlargement, 
globular cardiac  silhouette

Lesions with increased pulmonary blood fl ow

Transposition 
of the great 
arteries

Loud A
2
, soft or absent 

P
2

� Soft systolic 
ejection murmur MLSB

Normal in new-
born period
Later RVH, 
RAD

Normal in immediate 
newborn; increased pulmo-
nary markings afterward, 
egg-shaped heart
Narrow mediastinum

Truncus 
arteriosus

LV and RV 
impulse

Loud single S
2

Systolic ejection click, 
systolic murmur MLSB
Continuous 
murmur—lungs

RVH, LVH Cardiac enlargement, 
increased pulmonary 
markings
Right aortic arch (25%)

Hypoplastic 
left heart 
(HLHS)

RV impulse
Poor 
 perfusion
Poor periph-
eral pulses

� Soft midsystolic 
murmur 
LSB
� Middiastolic 
rumble LLSB

RAH, RVH Cardiac enlargement, 
increased
pulmonary markings, 
� pulmonary venous 
 obstruction

Total 
anomalous 
pulmonary 
venous return 
(TAPVR)

RV impulse Gallop rhythm
Soft systolic ejection 
murmur
LSB
Middiastolic rumble 
LLSB

RVH, RAH Unobstructed:  cardiac 
 enlargement and  increased 
pulmonary markings
Obstructed: diff use, dense,
reticulated pulmonary
markings

ECG, electrocardiogram; LA, left atrium; LLSB, lower left sternal border; LSB, left sternal border; LV, left ventricle 

(ventricular); LVH, left ventricular hypertrophy; MLSB, middle left sternal border; PA, pulmonary artery; RA, right 

 atrium; RAD, right axis deviation; RAE, right atrial enlargement; RV, right ventricle (ventricular); RVH, right  ventricular 

hypertrophy; SSN, suprasternal notch; ULSB, upper left sternal border; URSB, upper right sternal border.
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FIGURE 13-3. Events of the cardiac cycle. 
Systole is divided into two phases: isovolemic 
contraction and  ejection. Diastole is divided 
into three phases: isovolemic relaxation, rapid 
ventricular fi lling, and atrial  contraction. 
a, atrial contraction; c, ventricular contraction; 
v, atrial fi lling; AV, aortic valve; LA, left atrial; 
LV, left ventricle; MV, mitral valve. From 
Lilly LS: Pathophysiology of Heart Disease. 
Baltimore, Williams & Wilkins, 1993.

Heart Murmurs

Holosystolic

Systolic
ejection

Decrescendo
diastolic

Middiastolic
rumble

Continuous

S1 S2

S1 S2

S1 S2

S1 S2

S1 S2

A

A

A

A

A

FIGURE 13-4. Timing and shape of 
 cardiac murmurs. S

1
, fi rst heart sound; 

S
2
, second heart sound, with aortic ( A ) 

and pulmonary (P ) components.
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 TABLE 13-3

Qualities of Innocent Murmurs in Children

Murmur Characteristics Diff erential Diagnosis

Still murmur Low-pitch systolic ejection murmur
Best heard at mid-left sternal border with 
minimal radiation
Not greater than grade III
Vibratory or musical in quality
Decreases with change in position 
(e.g., standing, lying prone)

Small ventricular septal defect 
(usually harsher, possible thrill)
Mild pulmonic stenosis (radiates 
more to lungs, right ventricular 
impulse, ejection click)
Atrial septal defect (fi xed split 
second heart sound); HCM 
 (increased left ventricular impulse)

Branch pulmo-
nary stenosis

Usually heard in neonatal period
Soft systolic ejection murmur at upper left 
 sternal border radiating and often louder in 
lung fi elds (important to listen in both axillae)
Disappears within fi rst few months of life

Mild pulmonic stenosis 
 (increased right ventricular 
 impulse, systolic ejection click)
Atrial septal defect (fi xed split 
second heart sound)

Innocent 
 pulmonary
murmur

Soft systolic ejection murmur at upper left 
sternal border
Blowing, nonmusical
Higher pitched than Still murmur
Often accentuated by fever or anemia
Often present in pectus excavatum

Mild pulmonic stenosis 
 (increased right ventricular 
 impulse, systolic ejection click)
Atrial septal defect (fi xed split 
second heart sound)

Venous hum Medium-pitched, soft blowing continuous 
murmur at upper right sternal border and 
infraclavicular area

HCM, hypertrophic cardiomyopathy. 

Next comes measurement of ECG intervals and durations (PR, QRS, and QTc [QT corrected for heart 
rate � QT/ √ 

_
 RR  ]). To note abnormalities, it is necessary to compare the values with normal intervals based on 

age, and in the case of the PR interval, heart rate. An abnormally long QRS complex indicates either right or 
left bundle branch block; in the presence of this, ventricular hypertrophy is diffi  cult to interpret.

By noting which lead is nearly isoelectric and fi nding the lead orthogonal to it, it is possible to assess the 
axis. Examination of voltages in the precordial leads is next; leads V

1
, and V

5
 to V

6
 are compared with normal 

values for age. Finally, examination of ST and T waves for depressions, elevations, and polarity occurs; T-wave 
polarity is very age dependent. In the fetal circulation, both right and left ventricles are pumping against sys-
temic pressure so that the right ventricular wall is relatively thick in the immediate perinatal period. Th us, most 
newborns have right axis deviation and increased right ventricular forces compared with older children. In the 
fi rst 24 hours of life, a QR may be present in V

1
, and the axis may be as rightward as 205 degrees. One of the 

most common pitfalls in interpreting newborn ECGs is the false reading of right ventricular hypertrophy.
Th e T wave in lead V

1
 is an important indicator of right ventricular hypertrophy in children. In the imme-

diate newborn period, the T wave is positive in V
1
, becoming inverted at approximately 6 days of age. Until the 

age of approximately 6 years, the T wave in V
1
 should remain inverted, and in many children, it remains inverted 

until the teenage years. However, if the T wave is positive in V
1
 between the ages of about 6 days and 6 years, 

it strongly suggests right ventricular hypertrophy, even in the absence of specifi c voltage criteria. Th is is another 
common error in interpreting pediatric ECGs.

As part of the initial evaluation, the chest radiograph (both frontal and lateral views) may be valuable in 
making the diagnosis of congenital heart disease. A transcutaneous oxygen saturation measurement or arterial 
blood gases may easily confi rm cyanosis. To diff erentiate pulmonary-based cyanosis from cardiac-based cyano-
sis, it is usually necessary to have the patient breathe 100% oxygen using a hood for several minutes and remea-
sure the arterial blood gases (hyperoxia test). If the etiology is pulmonary, the arterial PO2 should increase to at 
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least above 150 mm Hg, whereas the PO
2
 will not increase as dramatically if the etiology is cardiac,  although 

this test is not 100% reliable. Two-dimensional echocardiography, magnetic resonance imaging (MRI), and 
computed tomography (CT) are useful for determining cardiac structure. Pulsed, continuous-wave, and color-
fl ow Doppler echocardiography help assess blood fl ows and pressure gradients.

Differential Diagnosis
Congenital cardiac defects can be classifi ed into two major groups based on the presence or absence of cyanosis 
(Figure 13-5). Th e chest radiograph can then be used to further refi ne the diagnosis based on whether the pul-
monary vascular markings show evidence of increased, normal, or decreased pulmonary circulation (Figures 13-6 
and 13-7).

Acyanotic Congenital Heart Lesions

Th is group of congenital lesions can be divided by physiologic principles into those that induce a volume load 
on the heart (most commonly due to a left-to-right shunt but may also result from AV valve regurgitation or 
abnormalities of the myocardium itself, i.e., the cardiomyopathies) and those that induce a pressure load on the 
heart (subvalvar, valvar, or great vessel stenoses). Th e chest radiograph is a useful tool for diff erentiating between 
these two major categories because both heart size and pulmonary vascular markings are usually increased in 
the left-to-right shunt lesions.
volume lesions. Th e most common lesions in this group are the left-to-right shunts: ASD, VSD, AV septal 
defect (formerly called AV canal or endocardial cushion defect), PDA, and aortopulmonary window. Th e com-
mon pathophysiologic denominator in this group of lesions is a communication between the left and right sides 
of the circulation and the shunting of fully oxygenated blood back into the lungs. Th e direction and magnitude 
of a shunt across a defect such as a large VSD depends on the relative pulmonary and systemic pressures, and 
vascular resistances. Although pulmonary vascular resistance falls dramatically at birth, it remains moderately 
elevated for several weeks before declining to normal adult levels. Th us, in a lesion such as a large VSD, there 
may be little shunting or symptoms in the fi rst week of life, and it is not unusual that a murmur is not heard in 
the newborn nursery.

As pulmonary resistance drops over the fi rst month of life, the left-to-right shunt increases, and so does the 
intensity of the murmur and the symptoms. Th is is true for other left-to-right shunt lesions such as AV septal 
defect and PDA as well.

Th e increased volume of blood in the lungs is quantitated by pediatric cardiologists as the pulmonary-to-
systemic blood fl ow ratio or Qp:Qs. A 3:1 shunt implies three times the normal pulmonary blood fl ow. Th is 
increase in pulmonary blood fl ow decreases pulmonary compliance and increases the work of breathing. Fluid 
leaks into the interstitium or alveoli causing pulmonary edema and the common symptoms: tachypnea, chest 
retractions, nasal fl aring, poor feeding, rales, and wheezing (see Table 13-1).

To maintain a left ventricular output, which is now several times normal (although most of this output is 
ineff ective because it returns to the lungs), heart rate and stroke volume must increase, mediated by an increase 
in sympathetic stimulation. Th e increased work of breathing and the increase in circulating catecholamines lead 
to an elevation in total body oxygen requirements, taxing the oxygen delivery capability of the circulation. Th us, 
common symptoms include tachycardia, sweating, irritability, decreased perfusion, and failure to thrive.

While isolated valvular regurgitant lesions are less common, AV valve regurgitation is often a feature of 
complete AV septal defects. Th e combination of left-to-right shunt and valve regurgitation increases the volume 
load on the heart, and usually leads to earlier presentation and more severe symptomatology.

Unlike the left-to-right shunts, cardiomyopathies (see Cardiomyopathies) cause heart failure directly due 
to diminished cardiac muscle function. Th is leads to increased atrial and ventricular fi lling pressures as well as 
pulmonary edema secondary to increased capillary pressure.
obstructive lesions. Th e most common obstructive lesions are valvar pulmonic stenosis, valvar aortic steno-
sis, and coarctation of the aorta. However, stenosis of the right or left ventricular outfl ow tracts can also be lo-
cated at the subvalvar or supravalvar levels. Th e common pathophysiologic denominator of these lesions is that, 
unless the stenosis is severe, cardiac output is maintained; thus, in children, symptoms of heart failure are often 
not present. Th is compensation is accomplished by a marked increase in cardiac wall thickness ( hypertrophy). 
Subtle radiographic changes in the cardiac silhouette (as compared to the volume lesions) may detect hypertro-
phy. However, the 12-lead ECG is best for detection of left or right ventricular hypertrophy.

Severe pulmonic stenosis in the newborn period (critical pulmonic stenosis) often leads to right-sided 
cardiac failure (hepatomegaly, peripheral edema), and to right-to-left shunting across a patent foramen ovale or 
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FIGURE 13-5. Classifi cation of congenital heart disease (A, B). Determination of pulmonary blood fl ow is made by chest 
radiograph; determination of hypertrophy is made by electrocardiogram (ECG ).  AP window, aortopulmonary window; 
ASD, atrial septal defect; AV septal defect, atrioventricular septal defect; AV fi stula, arteriovenous fi stula; CVH, combined 
ventricular hypertrophy; L-R, left-to-right; LVH, left ventricular hypertrophy; PDA, patent ductus arteriosus; PS, pulmo-
nary stenosis; RV, right ventricle; RVH, right ventricular hypertrophy; VSD, ventricular septal defect.

Acyanotic congenital heart disease

Normal pulmonary blood flow Increased pulmonary blood flow

Obstructive lesions* Cardiomyopathies*
Tachyarrhythmias*

      LVH
•Coarctation
•Aortic
    stenosis

        RVH
•ASD
•Any L-R shunt
    with pulmonary
    hypertension

         LVH or CVH
      •VSD
      •PDA
      •AV septal defect
      •AP window
      •AV fistula

L - R shunt
lesions

Cyanotic congenital heart disease

Decreased pulmonary blood flow Increased pulmonary blood flow

         RVH
•Pulmonic stenosis
•Mitral stenosis
•Coarctation

            LVH
•Tricuspid atresia
•Pulmonary atresia
    with hypoplastic RV

         RVH
•Transposition
•Aortic atresia
•Hypoplastic
    left heart
•Total anomalous
    pulmonary
    venous return

     LVH or CVH
• Transposition with
     VSD
• Single ventricle
• Truncus arteriosus
• Tricuspid atresia
     with transposition
• Pulmonary
     hypertension with
     bidirectional shunt

CVH, no hypertrophy
•Transposition + PS
    (with or without VSD)
•Ebstein anomaly

        RVH
•Tetralogy
•Critical PS
•Pulmonary
    atresia (with or
    without VSD)

A

B

 * For many obstructive lesions, cardiomyopathies, and tachyarrhythmias, the chest X-ray will show signifi cant pulmonary 
edema; however, the pattern of this edema is usually subtly diff erent from that in the L-R shunt lesions, being due to in-
creased left atrial fi lling pressure as opposed to increased pulmonary blood fl ow. Th is pattern is often, but not always, more 
prominent in the perihilar regions.
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ASD; therefore, it is often classifi ed as a cyanotic heart lesion. Th e pulmonary vascular markings on the chest ra-
diograph are normal or decreased, and the ECG shows right ventricular hypertrophy. Severe aortic stenosis in the 
newborn period (critical aortic stenosis) presents with diminished pulses in all extremities and signs of left-sided 
heart failure (pulmonary edema), right-sided failure (hepatomegaly, peripheral edema), and often progresses to 
total circulatory collapse. If the ductus arteriosus is still open, the oxygen saturation may be decreased; in this case, 
aortic blood fl ow is supplied by a right-to-left ductal shunt. Th e ECG reveals left ventricular hypertrophy.

Coarctation of the aorta may present solely with a systolic murmur and with diminished pulses in the lower 
compared with the upper extremities. Th us, it is important to always palpate both the femoral and either the 
brachial or radial pulses simultaneously during a routine screening examination of any infant or child. A coarcta-
tion may be localized to the area of the descending aorta immediately opposite the ductus arteriosus (juxtaductal 
coarctation). In the fi rst few days or weeks of life, the ductus arteriosus may remain partially patent and serves as 
a conduit for blood fl ow to partially bypass the obstruction at the level of the coarctation. Aff ected infants often 
become symptomatic when the ductus fi nally closes in the fi rst few weeks of life. In more severe forms, coarcta-
tion involves hypoplasia of the transverse aortic arch, in which case it presents with a more signifi cant obstruction 
to blood fl ow and usually causes heart failure and signs of poor perfusion in the neonatal period. In coarctation, 
especially in infancy, the ECG often shows a combination of both right and left ventricular hypertrophy.

Mitral stenosis is a less common lesion, and can be due to a supravalvar mitral ring or membrane, a hyp-
oplastic mitral valve annulus, or a single papillary muscle (parachute mitral valve). Mitral stenosis is often seen 
in the setting of multiple levels of obstruction of the left side of the heart (e.g., combined with subaortic mem-
brane, valvar aortic stenosis, and coarctation of the aorta [Shone complex]).

Cyanotic Congenital Heart Lesions

Th is group of congenital heart lesions can be divided by physiologic principles into those associated with de-
creased pulmonary blood fl ow (e.g., tetralogy of Fallot, pulmonary atresia with intact septum, tricuspid atresia 
with pulmonary obstruction, total anomalous pulmonary venous return with obstruction), and those associ-
ated with increased pulmonary blood fl ow (transposition of the great arteries; various forms of single ventricle, 
 including hypoplastic left heart syndrome, truncus arteriosus; tricuspid atresia without pulmonary obstruction; 
total anomalous pulmonary venous return without obstruction). Th e chest radiograph is again an important 
primary initial diagnostic tool for diff erentiating between these two major categories (Figures 13-8 and 13-9).
cyanotic lesions with decreased pulmonary blood flow. Two basic pathophysiologic elements underlie 
all of these lesions. First is an obstruction to pulmonary blood fl ow at some level (tricuspid valve, subpulmonary 
muscle bundles, pulmonary valve, main or branch pulmonary arteries). Second is a means by which deoxygen-
ated blood can fl ow right-to-left to enter the systemic circulation (patent foramen ovale, ASD, or VSD). It is 
important to remember that even with severe pulmonic stenosis, systemic desaturation does not occur unless 
there is right-to-left shunting at some level.

FIGURE 13-6. Normal chest radiograph.
FIGURE 13-7. Chest radiograph in a patient with a 
large ventricular septal defect showing cardiomegaly and 
increased pulmonary vascular markings.
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FIGURE 13-8. Chest radiograph in a patient with tetralogy of Fallot. Th e cardiac apex is tilted upward, 
signifying right ventricular enlargement; the left upper mediastinal shadow is narrowed due to hypoplasia 
of the main pulmonary artery segment; and the pulmonary vascular markings are decreased. Th is is the 
typical “boot shape” appearance of tetralogy of Fallot.

FIGURE 13-9. Chest radiograph in a patient with transposition of the great vessels. As opposed to the 
 patient with tetralogy of Fallot (see Figure 13-8), it is easy to appreciate that this cyanotic patient has 
 increased pulmonary vascular markings.
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Tricuspid atresia involves the right-to-left shunting of deoxygenated blood across either a patent foramen 
or ASD to the left atrium, where it mixes with pulmonary venous return and enters the left ventricle. Blood en-
ters the lungs either from the right ventricle (via a VSD) or through a PDA. Some patients with tricuspid atresia 
have pulmonary stenosis, resulting in decreased pulmonary blood fl ow, and moderate-to-severe cyansois. Others 
have a wide-open pulmonary outfl ow (especially those with tricuspid atresia combined with transposition of the 
great arteries), and these patients have increased pulmonary blood fl ow and only mild cyanosis.

Tetralogy of Fallot is a constellation of anatomic fi ndings (subvalvar, valvar, or supravalvar pulmonic stenosis, 
VSD, aorta overriding the VSD, right ventricular hypertrophy). Deoxygenated blood shunts right to left across the 
VSD into the overriding ascending aorta. In these lesions, the degree of clinical cyanosis depends on the degree of 
obstruction to pulmonary blood fl ow. If the obstruction is mild, cyanosis may not be present at rest but only with 
stress (hypercyanotic episodes known as “Tet spells”). If the obstruction is severe, pulmonary fl ow may be totally de-
pendent on the patency of the ductus arteriosus. Th ese infants present with profound cyanosis in the newborn period 
and require pharmacologic treatment (prostaglandin E

1
) to maintain ductal patency until surgical intervention.

cyanotic lesions with increased pulmonary blood flow. Although pulmonary blood fl ow is more than 
adequate, only a small portion of this oxygenated blood can enter the systemic circulation because of the de-
fect. Transposition of the great arteries is the most common lesion in this group. In transposition of the great 
arteries, the aorta arises from the right ventricle and the pulmonary artery from the left ventricle. Deoxygen-
ated blood from the body returns to the right side of the heart and is pumped directly back to the body again. 
Oxygenated blood from the lungs returns to the left side of the heart and is pumped back into the lungs. If not 
for the persistence of fetal pathways such as the foramen ovale and ductus arteriosus, this lesion would not be 
compatible with life. Th ese pathways allow for some degree of both left-to-right and right-to-left mixing of 
oxygenated and deoxygenated blood until surgical intervention takes place.

Pediatric Pearl: The most common cyanotic congenital heart lesions can be remembered 
as the ``fi ve Ts”: tetralogy of Fallot, transposition of the great vessels, tricuspid atresia, 
 truncus arteriosus, and total anomalous pulmonary venous return.

Pe
as
tru

Cardiac lesions leading to a single or common ventricle are known as total mixing lesions because de-
oxygenated systemic venous blood and oxygenated pulmonary venous blood usually mix totally in the heart, 
resulting in equal oxygen saturations in the pulmonary artery and aorta. Unless pulmonary stenosis is present, 
pulmonary blood fl ow is torrential, and aff ected infants usually present with both mild cyanosis and heart failure. 
If pulmonary stenosis is present, then pulmonary blood fl ow is limited, and these infants usually present with 
more profound cyanosis without heart failure. Single ventricle physiology is present in patients with a large 
common ventricle, in some forms of double outlet right ventricle or double inlet left ventricle, and in patients 
with hypoplastic left heart syndrome. Truncus arteriosus also results in total mixing of systemic and pulmonary 
venous blood; however, in this case mixing occurs at the great vessel level.

One additional common lesion, total anomalous pulmonary venous return with obstruction, causes cy-
anosis and the appearance of pulmonary edema on chest radiograph. However, this fi nding is actually  secondary 
to obstruction to blood fl owing out of the lungs at the level of the pulmonary veins rather than to an increased 
volume of pulmonary blood fl ow. In contrast, total anomalous pulmonary venous return without obstruction 
results in increased pulmonary blood fl ow and cyanosis due to total mixing of systemic venous and pulmonary 
venous blood at the level of the right atrium.

Management
Congestive Heart Failure

Congestive heart failure in the pediatric age group may be associated with left-to-right shunt lesions and pul-
monary overcirculation, to primary or secondary cardiomyopathies, or to arrhythmias such as supraventricular 
tachycardia (SVT). Th e ultimate management of congestive heart failure is directed at correcting the underlying 
cause. However, initial management strategies are aimed at lessening the symptoms of tachypnea, edema, and 
failure to thrive as well as improving the ability of the heart to maintain adequate systemic oxygen delivery. 
Th e therapeutic measures useful for treating congestive heart failure are directed toward improving myocardial 
contractile function, decreasing preload and afterload, and improving the balance between systemic oxygen 
consumption and oxygen delivery (Table 13-4).

770309_Ch_13.indd   307770309_Ch_13.indd   307 5/6/11   12:57:52 PM5/6/11   12:57:52 PM



308   SECTION II ■ PEDIATRIC SUBSPECIALTIES

 TABLE 13-4

Techniques in the Management of Congestive Heart Failure in Children

Th erapy Mechanism/Advantages Disadvantages

General supportive measures

Oxygen Improves systemic oxygenation in presence 
of pulmonary edema

May cause pulmonary vasodilation 
and increase left-to-right shunting

Salt and water 
restriction

Decreases edema and congestion Often limits caloric intake and 
 contributes to failure to thrive

Transfusion Increases oxygen-carrying capacity
Reduces left-to-right shunt

Risk of infection

Diuretics

Furosemide Ascending loop of Henle Hypokalemia, hyponatremia

Chlorothiazide Distal tubule Hypokalemia, hyponatremia

Aldactone Aldosterone antagonist K� sparing

Positive inotropic agents

Digitalis Inhibits Na�–K�-ATPase and increases 
intracellular Ca2�

Increases myocardial oxygen con-
sumption, arrhythmogenesis

Dopamine Acts at cardiac �-adrenergic receptor to 
increase contractility and heart rate, at 
low doses acts on peripheral �-adrenergic 
receptors to reduce afterload

At high doses, acts on peripheral 
�-adrenergic receptor to increase 
afterload
Arrhythmogenic especially at high 
doses

Dobutamine Acts at cardiac �-adrenergic receptor to 
increase contractility and heart rate; acts on 
peripheral �-adrenergic receptors to reduce 
afterload

Arrhythmogenic especially at high 
doses

Milrinone Phosphodiesterase inhibitor; synergistic 
with �-adrenergic receptor agonists by 
increasing intracellular cAMP; positive 
inotrope and afterload reducer

Hypotension

Afterload reducing agents

Hydralazine Direct arteriolar vasodilator Hypotension

Prazosin Peripheral �-adrenergic blocker Hypotension; reduced preload

Captopril or 
Enalapril

Angiotensin-converting enzyme inhibitor; 
does not cause refl ex stimulation of renin

Hypotension; chronic cough

Nitroprusside Powerful arterial and venous vasodilator Hypotension; intravenous only
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Cyanosis

cyanotic congenital heart disease in the newborn. Th e management of most forms of cyanotic congeni-
tal heart disease is surgical, whether a palliative shunt procedure or anatomic repair. However, in the initial hours 
or days after birth and while awaiting further diagnostic evaluation such as cardiac catheterization, an infusion of 
 prostaglandin E

1
 usually stabilizes the patient by keeping the ductus arteriosus patent pharmacologically. In lesions 

associated with decreased pulmonary blood fl ow, the ductus supplements pulmonary fl ow and may even be its only 
source (e.g., in pulmonary atresia). In the transposition group of lesions, the patent ductus allows mixing of oxygen-
ated and deoxygenated blood between the right and left sides of the heart. In patients with transposition of the great 
arteries, a balloon-tipped catheter, introduced via the femoral vein at the time of cardiac catheterization, is used to im-
prove the amount of mixing at atrial level by ripping a large hole in the atrial septum (Rashkind atrial septostomy).
hypercyanotic spells in tetralogy of fallot. Hypercyanotic spells (“Tet spells”) are manifested by a 
marked increase in the level of cyanosis associated with agitation, crying, and hyperpnea. Th ey may progress to 
loss of consciousness and if untreated may lead to seizures, stroke, or death. Precipitating factors include either 
an increase in oxygen demands, a decrease in systemic vascular resistance, a decrease in systemic venous return, or 
spasm of the infundibular subpulmonary muscle. Treatment of hypercyanotic spells can involve the following ma-
neuvers: comforting the infant, placement in a knee–chest position to increase systemic venous return and increase 
peripheral vascular resistance, subcutaneous or intravenous morphine sulfate, intubation and general anesthesia, 
the �-adrenergic blocker propranolol, or intravenous phenylephrine to increase systemic vascular resistance.

CARDIAC DYSRHYTHMIAS

Pathophysiology
Th e cardiac conduction system is comprised of a group of specialized cells with unique depolarization properties 
(Figure 13-10). Th e sinoatrial (SA) node, located at the superior vena caval–right atrial junction, controls heart 
rate; it is modulated by both sympathetic and parasympathetic (vagal) input. Depolarization spreads from the 
SA node through atrial myocardium to the atriventricular (AV) node, located at the junction of the atria and 
ventricles near the mouth of the coronary sinus. Th e specialized cells of the AV node slow conduction, thus al-
lowing an appropriate interval between atrial and ventricular contraction. During rapid atrial dysrhythmias, the 
AV node prevents conduction of every atrial beat, resulting in varying degrees of block, and protects the patient 
from a low cardiac output due to a rapid ventricular rate.

From the AV node, impulses travel to the ventricles via the bundle of His, located immediately posterior 
and inferior to the membranous portion of the ventricular septum. Th is location renders this portion of the 
conduction system vulnerable to damage during surgical repair of congenital heart lesions such as VSDs. From 

SA node AV node

Bundle of His

Purkinje fibers

LBB

RBB

FIGURE 13-10. Cardiac conduc-
tion system. AV node, atrioventricu-
lar node; LBB, left bundle branch; 
RBB, right bundle branch; SA node, 
sinoatrial node
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the bundle of His arise the right and left bundle branches leading fi nally to the Purkinje fi bers that terminate 
in the subendocardium.

All cardiac cells are potentially capable of fi ring spontaneously. Th e orderly fl ow of impulses through the 
normal conduction system is thus dependent on higher foci (e.g., SA node) fi ring more rapidly than lower foci 
(e.g., ventricular cells), resulting in suppression of the more slowly fi ring cells. Th is property (called overdrive 
suppression) can be utilized clinically to treat certain dysrhythmias using a pacemaker.

Anatomic abnormalities of the specialized conduction system are responsible for many of the common pe-
diatric dysrhythmias. Heart block may be due to damage of the AV node or bundle of His due to infl ammation 
(maternal systemic lupus erythematosus, rheumatic fever), medications (digoxin), or surgical trauma. SVT may 
be due to the presence of a congenital accessory conduction pathway, leading to abnormal impulse conduction 
between atria and ventricles (see Atrial Dysrhythmias), to increased automaticity (spontaneous fi ring) of an 
ectopic atrial pacemaker (atrial ectopic tachycardia [AET]), or to intra-atrial reentry. In children, ventricular 
tachycardia often results from a global insult to the myocardium that renders individual ventricular cells irritable 
(hypoxia, electrolyte imbalances, myocarditis, drugs); a genetic abnormality in cardiac structure (hypertrophic 
cardiomyopathy) or ion channel function (long QT syndrome); or abnormal hemodynamics from palliated 
congenital heart disease (e.g., tetralogy of Fallot, single ventricle).

Clinical and Laboratory Evaluation
History

When evaluating a patient with a dysrhythmia, the clinician must fi rst assess the degree of the patient’s stability. 
If blood pressure and perfusion are abnormal, only minimal historical information is obtained before treatment 
is initiated: duration of symptoms, prior history of dysrhythmias or congenital heart disease, and exposure to 
medications or drugs.

Physical Examination

Assessment of the patient’s general clinical status begins with the standard ABCs of emergency care: evaluation 
of the airway, breathing, and circulation. Th e cardiac evaluation includes the patient’s color (e.g., pale, cyanotic), 
peripheral perfusion, pulses, and blood pressure. In patients with a tachyarrhythmia, it may be diffi  cult to evalu-
ate heart murmurs, although a gallop rhythm is often audible. A thoracotomy or sternotomy scar is a clue that 
the patient has had prior surgery for correction of a congenital heart lesion.

Laboratory Evaluation

Th e most important laboratory tests are the 12-lead ECG and a long (2-minute) rhythm strip (usually lead II). A 
full 12-lead ECG should always supplement a single lead tracing from a monitor in the diagnosis of arrhythmia 
because it is not possible to evaluate the true morphology of the various waves and complexes using a single lead.

Pediatric Pearl: Common artifacts in a full 12-lead ECG are apparent because of their fre-
quency: electrical artifacts are usually 60 cycles/s, and respirator artifacts occur at the rate 
at which the ventilator is set.

Pe
qu
at

In the presence of ventricular dysrhythmias, it is necessary to obtain a “stat” blood sample for evaluation 
of electrolytes, calcium, and magnesium, as well as assessment of the patient’s oxygenation (transcutaneous 
oximetry or arterial blood gas).

Differential Diagnosis and Management
An algorithmic approach is useful in the diagnosis of pediatric dysrhythmias (Figure 13-11). Characteristic 
ECG tracings typical of the more common dysrhythmias are shown in Figure 13-12. A brief discussion of these 
dysrhythmias follows.

Sinus Rhythms

Sinus arrhythmia, which is common in children, is a cyclic variation in heart rate associated with  respirations. 
Usually the heart rate increases with inspiration and slows with expiration. Th e ECG is otherwise totally  normal. 
Th e younger the child, the more pronounced the sinus arrhythmia.
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A

B

C

D

FIGURE 13-12. Common pediatric dysrhythmias. (A) premature atrial contraction; (B) supraventricular tachycardia; 
(C) Wolff -Parkinson-White syndrome; (D) atrial fl utter;

(Continued)
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E

F

G

H
FIGURE 13-12. (Continued) (E) premature ventricular contraction; (F) ventricular tachycardia; (G) ventricular 
 fi brillation; (H) fi rst-degree AV block;

(Continued)
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Sinus tachycardia is also quite common in children and occurs as a result of stress (e.g., fever or  dehydration) 
or pathologic conditions (e.g., congestive heart failure, anemia, hyperthyroidism). Some medications (e.g.,  certain 
cold preparations and �-agonists used for asthma) may cause sinus tachycardia. It is possible to diff erentiate 
sinus tachycardia from SVT based on several fi ndings (Table 13-5).

Sinus bradycardia may occur during sleep, when it may be a normal fi nding. It is not uncommon for a sleep-
ing child to have a heart rate less than 80 beats/min, although the heart rate will increase appropriately when the 
child is disturbed. Competitive athletes may also have a resting sinus bradycardia. Pathologic causes of bradycar-
dia include hypothyroidism, increased intracranial pressure, hypothermia, hyperkalemia, and digitalis overdose.

Atrial Dysrhythmias

Premature atrial contractions (PACs) result from the fi ring of an ectopic focus in the atrium. PACs, which can 
be seen in many normal children, are one of the most common dysrhythmias in the newborn period. Although 
PACs are usually conducted, they will not be conducted if they occur too early in the cardiac cycle when the 
AV node is still refractory (blocked PACs). It is possible to diff erentiate PACs from premature ventricular 
 contractions (PVCs) based on several ECG characteristics (Table 13-6). Isolated PACs do not require treat-
ment. Frequent PACs in newborns usually resolve by 1 month of age.

I

J

K
FIGURE 13-12. (Continued) (I) second-degree atrioventricular (AV) block, Mobitz type I; ( J) second-degree AV block, 
Mobitz type II; (K) third-degree AV block. Adapted from Gillette PC, Garson A Jr: Pediatric Arrhythmias: Electrophysiology 
and Pacing. Philadelphia, WB Saunders, 1990.
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 TABLE 13-5

Sinus Tachycardia Compared with Supraventricular Tachycardia

Sinus Tachycardia Supraventricular Tachycardia

Heart rate (beats/min) Usually �200 Usually �220

Heart rate variability Present Usually absent

History Fever, dehydration, acute blood loss Irritability, lethargy, poor feeding, 
tachypnea, sweating

Physical examination Infectious source of fever; decreased skin 
turgor; absence of hepatomegaly; clear 
lung fi elds; source of acute blood loss

Signs of congestive heart failure: 
rales, hepatomegaly, respiratory 
distress, poor perfusion

Chest radiograph Normal or small heart size; pneumonia 
as source of fever

Possible cardiomegaly or 
 pulmonary edema

 TABLE 13-6

Premature Atrial Complexes (PACs) Compared with Premature Ventricular 
Complexes (PVCs)

PACs PVCs

QRS timing Premature Premature

QRS duration Usually normal; occasionally prolonged Prolonged

QRS morphology Usually the same as sinus rhythm QRS 
complexes

Diff erent from sinus rhythm 
QRS complexes

ST-T abnormalities Rare More common

P wave Usually precedes QRS complex None; occasionally will follow 
QRS complex

Fusion beats None May be present

Compensatory pause Not usually (but not reliable) Usually (but not reliable)

SVT can be divided into two major categories based on etiology: a reentrant pathway (preexcitation  syndrome) 
or an atrial ectopic focus (atrial ectopic tachycardia [AET]). Preexcitation is more common and is usually due to an 
accessory pathway or bypass tract that leads to accelerated conduction between atria and ventricle. In patients with 
Wolff -Parkinson-White syndrome, an abnormal myocardial bridge lies between one of the atria and one of the 
ventricles. Cardiac impulses can travel anterograde (from atrium to ventricle) through the accessory bundle, which 
does not have the built-in time delay of the AV node. Th is leads to a shortened PR interval, and because one of the 
ventricles is excited before the other, the QRS complex is widened (delta wave on the 12-lead ECG).

Pediatric Pearl: Examination of the T wave may reveal slight irregularities from one beat to 
the next that could represent a hidden P wave, thus indicating SVT or atrial fl utter.
Pe
th

Patients with SVT typically present with heart rates of 200 to 300 beats/min (see Table 13-5). In children, 
atrial rates as fast as 300 beats/min may be conducted 1:1 to the ventricles. Most initial episodes of SVT oc-
cur in the fi rst 4 months of life; however, SVT may develop at any age. Infants often present with irritability, 
tiredness, and decreased feeding, and occasionally with overt signs of congestive heart failure (sweating, labored 
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respirations, and decreased perfusion leading to shock). However, in the absence of heart disease, patients with 
SVT can often tolerate the dysrhythmia for 12 to 24 hours before these signs of heart failure intervene. Older 
children may complain of palpitations and dizziness.

Th e treatment of the SVTs involves several measures (Table 13-7). For patients who are stable, vagal maneu-
vers or pharmacologic management with antiarrhythmic drugs are the treatments of choice. However, for patients 
who have signs of decreased perfusion and shock, synchronized direct current (DC) cardioversion is warranted.

After the initial episode has resolved, infants and children are usually treated for 6 to 12 months with antiar-
rhythmic agents such as the �-blocker propranolol, or sotolol. Each of these drugs has its particular benefi ts and 
side eff ects that might limit treatment. Occasionally, use of more than one drug is necessary to maintain normal 
sinus rhythm. A trial without medications is appropriate in patients who are tachycardia-free for 6 to 12 months. 
Cryoablation or radiofrequency catheter ablation, which allows patients to be medication-free, is the recommend-
ed treatment option for children whose SVT is resistant to medications, and for all older children with Wolff -
Parkinson-White syndrome as these patients develop an increased risk of complications as they grow older.

Atrial fl utter (intra atrial reentry tachycardia) and atrial fi brillation are less common in children and usu-
ally encountered in the setting of congenital heart disease. If AV conduction is 1:1, symptoms of heart failure 
may rapidly develop. Often the AV node blocks extremely rapid conduction, and the atrial:ventricular rate is 
2:1 or 3:1. Th e initial treatment of choice for either of these dysrhythmias is synchronized DC cardioversion 
followed by initiation of antiarrhythmic medication.

Ventricular Dysrhythmias

PVCs are often encountered in children hospitalized for other reasons such as patients in the pediatric intensive 
care unit (ICU) for trauma, infections, postoperative monitoring, or in those undergoing routine surgical proce-
dures during anesthetic induction or recovery. For a comparison of PVCs and PACs on the basis of ECG fi ndings, 
see Table 13-6. PVCs are usually considered benign when they occur singly, arise from a single ectopic focus (have 
the same morphology and axis), when the coupling interval (time between the previous normal QRS complex and 
the premature beat) is constant, and when there is no underlying heart disease (Table 13-8). Unifocal PVCs  usually 
disappear if the patient exercises. Malignant PVCs warrant further evaluation and often require treatment.

 TABLE 13-7

Treatment of Supraventricular Tachycardia
1. Vagal maneuvers (carotid massage, immerse face in ice water)

2. Adenosine 0.05–0.2 mg/kg by rapid IV push

3. Overdrive pacing (transesophageal or transvenous)

4. Synchronized DC cardioversion (0.25–2.0 W-s/kg) if patient is unstable

DC, direct current; IV, intravenous.

 TABLE 13-8

Benign Versus Malignant Premature Ventricular Complexes (PVCs)

Benign PVCs Malignant PVCs

Heart disease Not usual Often seen with congenital or ischemic heart disease

Coupling interval Fixed Variable

Baseline QT interval Usually normal May be prolonged

Focality of PVCs Unifocal Multifocal

R on T Absent Present

Response to exercise Suppresses PVCs Increases PVCs

Couplets or runs None May be present
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 TABLE 13-9

Causes of Premature Ventricular Complexes (PVCs) 
Blood gas and electrolyte abnormalities

Hypoxia
Acidosis
Hypokalemia
Hyperkalemia

Myocardial factors
Acute myocarditis
Rheumatic fever
Myocardial ischemia
After open heart surgery

Drugs and toxins
Digitalis
Any antiarrhythmic drug
Anesthetic agents
Sympathomimetic agents
Phenothiazines
Cocaine
Caff eine
Nicotine

Malignant PVCs and ventricular tachycardia often occur secondarily to another abnormality such as an 
electrolyte disturbance, hypoxia, or medication or drug (Table 13-9). Th us, the mainstay of treatment for any 
ventricular dysrhythmia is correction of the underlying abnormality. No pharmacologic agent is totally eff ective 
in treating ventricular dysrhythmias unless the underlying cause is also corrected. Other causes include myo-
carditis and a genetic predisposition (long QT syndrome, hypertrophic cardiomyopathy).

Ventricular tachycardia (VT) is defi ned as the occurrence of three or more PVCs in a row. When the ven-
tricular rate is slow, patients may be minimally symptomatic. However, when ventricular rates are fast,  cardiogenic 
shock rapidly ensues. Because of the possibility of degeneration into ventricular fi brillation, emergent treatment 
is necessary for all ventricular tachycardias. To confuse matters, with VT, the ECG may show P waves (with 
either retrograde conduction or AV dissociation), and with some SVTs, it may show aberrant conduction, and 
thus, wide QRS complexes. However, clinicians should almost always assume that children with wide complex 
tachycardia have VT and treat them appropriately (Table 13-10). When VT is seen in children who have one of 
the congenital long QT syndromes (LQTS), the ECG morphology is often an undulating wavy line alternating 
both above and below an imaginary baseline (torsade de pointes).

Pediatric Pearl: It is important to search for underlying causes of PVCs or VT in pediatric 
patients (e.g., electrolyte abnormalities, hypoxia). Antiarrhythmic agents may not be com-
pletely effective unless these provoking factors are resolved.

Pe
pa
ple

Ventricular fi brillation (VF) manifests with absent pulses and shock. Immediate cardiopulmonary resus-
citation is necessary. Th e ECG shows either a coarse or fi ne wavy line without recognizable QRS complexes. 
Th e treatment for VF is DC cardioversion, and as with VT, correction of the underlying cause (e.g., hypoxemia, 
electrolyte disturbance).

Conduction Disorders

First-degree AV block occurs when the PR interval is greater than normal values for both age and heart rate. 
First-degree block may occur in the presence of some congenital heart lesions (corrected transposition of the 
great arteries), and with myocarditis or rheumatic fever. Although fi rst-degree AV block usually does not  warrant 
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treatment, it does require follow-up monitoring for worsening block. Th e PR interval is usually slightly pro-
longed with digitalis treatment; this is not necessarily a sign of digitalis toxicity.

Second-degree AV block may be of two forms: Mobitz type I (Wenckebach) and type II. In Mobitz type 
I, there is progressive prolongation of the PR interval until a dropped QRS occurs. Th us, patients may have 2:1, 
3:2, or 4:3 AV block. In Mobitz type II, QRS complexes are dropped in varying ratios (e.g., 2:1, 3:1, 3:2). Both 
of these dysrhythmias require cardiologic evaluation and may be an indication for a pacemaker.

Th ird-degree AV block or complete AV dissociation occurs when the atria and ventricles beat indepen-
dently and there is not a regular relationship between the P waves and QRS complexes on ECG. Th is condition 
may occur congenitally (especially in newborns whose mothers have systemic lupus erythematosus) in associa-
tion with underlying congenital heart disease (most commonly in corrected transposition of the great arteries), 
or after surgical repair of congenital heart disease (most commonly in VSDs, AV septal defects, or mitral or 
aortic valve replacement). If the heart rate is adequate to maintain a reasonable cardiac output, children are 
asymptomatic and treatment may not be indicated. However, if the heart rate is slow enough to result in symp-
toms such as exercise intolerance or syncope, pacemaker implantation is indicated. Additional patients requiring 
consideration for pacemaker implantation are asymptomatic infants with heart rates less than 50 beats/min and 
any child with long over pauses.

INFECTIVE ENDOCARDITIS
Th e incidence of infective endocarditis in children with congenital heart disease is approximately 1.5 cases per 
1,000 patient-years. Given the serious morbidity and high mortality associated with endocarditis, prevention is 
a mainstay of treatment of children with congenital heart disease.

Pathophysiology
In the presence of congenital heart disease, turbulent blood fl ow causes damage to endothelial surfaces,  allowing 
the deposition of fi brin and platelets. Within these tiny sterile thrombi, circulating bacteria initially adhere and 
then grow, partially protected from the cleansing action of laminar blood fl ow. Bacteria such as  streptococci 
that produce glycoproteins are more easily adherent to these lesions, thus explaining their prevalence as caus-
ative agents. Lesions of infective endocarditis most usually occur on the downstream side of a lesion such as on 
the aortic surface of a stenotic aortic valve or on the right ventricular surface of a VSD. High-velocity lesions 
that produce more turbulence (e.g., small VSDs) are more susceptible to endocarditis than low-velocity lesions 
such as ASDs.

After correction of most congenital heart defects, the risk of endocarditis decreases. However, patients 
with prosthetic valves or artifi cial conduits such as Blalock-Taussig shunts may have increased susceptibility to 
infective endocarditis. Patients with rheumatic heart disease are also at risk.

Clinical and Laboratory Evaluation
History

A history of congenital or rheumatic heart disease is present in almost all patients with infective endocarditis. 
It is often possible to identify a source of infection such as a recent dental or surgical procedure, abscess, or 

 TABLE 13-10

Treatment of Premature Ventricular Complexes (PVCs) and Ventricular 
Tachycardia
1. Treatment of underlying causes (acidosis, hypoxia, electrolyte disturbances, intracardiac line)

2. Lidocaine 1 mg/kg IV bolus followed by 0.5–1.5 mg/kg/h drip

3. Amiodarone 5 mg/kg load, may repeat up to four times total, then 5–10 mg/kg/day drip

4. If patient is hemodynamically unstable; synchronized DC cardioversion (0.5–2.0 W-s/kg)

DC, direct current; IV, intravenous.
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signifi cant trauma. Indwelling urinary or intravenous catheters also put patients at risk. Persistent fever, an-
orexia and weight loss, malaise, myalgias, arthralgias, and worsening congestive heart failure may be presenting 
symptoms.

Physical Examination

A new or changing heart murmur may be audible. Splenomegaly is present in 60% to 70% of patients, and 
peripheral embolization of bacteria may cause petechiae, splinter hemorrhages, or small infarcts. Other skin 
manifestations are the result of circulating antibody–antigen complexes and include Osler nodes (painful red 
nodules on the fi ngers or toes), Janeway lesions (painless hemorrhagic lesions on the palms and soles), and Roth 
spots (retinal hemorrhages).

Laboratory Evaluation

Blood cultures demonstrate the specifi c organism, most often streptococci or staphylococci, although any 
 bacterial strain may be involved. Gram-negative bacilli or enterococci are more common after genitourinary 
instrumentation or infection. Candida albicans is encountered in patients who develop endocarditis after open 
heart surgery, especially those with prosthetic valves. Additional laboratory fi ndings include a mild leukocytosis, 
elevated erythrocyte sedimentation rate (ESR); anemia; and, quite commonly, microscopic hematuria. Echocar-
diography, if positive, is usually diagnostic; however, a negative echocardiogram, especially in younger children, 
does not eliminate the possibility of endocarditis. Transesophageal echocardiography may be required for the 
diagnosis in older children and adolescents.

Management
Th e primary strategy for management of infective endocarditis is prevention.

Prophylaxis for Subacute Bacterial Endocarditis

Prevention through maintaining good dental hygiene is still one of the mainstays of subacute bacterial en-
docarditis (SBE) management; however, the role of prophylactic antibiotics has undergone a major revision 
in recent years. Th e latest recommendations of the American Heart Association (AHA), published in 2007, 
have dramatically reduced the use of antibiotics for most congenital heart lesions. Prophylactic antibiotics 
are now only recommended for patients with prosthetic heart valves or prosthetic material used for valve re-
pair, unrepaired cyanotic congenital heart disease, repaired congenital heart disease with prosthetic material 
or device within the fi rst 6 months after the procedure, repaired congenital heart disease with residual defects 
such as patch leaks (which inhibit endotheliazation), and cardiac transplant patients with valve disease. Th e 
clinician should inform the parents of children with eligible congenital heart lesions about the risks of SBE 
as soon as the diagnosis is made and give them a card with the AHA recommendations for prophylaxis 
(Figure 13-13).

Treatment

Th e decision to initiate therapy before blood culture confi rmation depends on the severity of the illness. In 
subacute cases, it may be appropriate to withhold antibiotics for a few days awaiting culture results. However, if 
clinical features are highly suggestive of infective endocarditis or if the patient is seriously ill, treatment usually 
involves a broad-spectrum antibiotic that covers the most likely infective agents.

Once the organism is positively identifi ed, specifi c antibiotic therapy can begin, usually a 4- to 6-week par-
enteral course. Surgical management is reserved for resistant (usually fungal) organisms or those cases in which 
a vegetation aff ects function of a prosthetic heart valve. Despite recent advances in antimicrobial management, 
the mortality rate of infective endocarditis is still as high as 25%.

CARDIOMYOPATHIES

Pathophysiology
Diseases of the myocardium can be divided based on their etiology into infectious, metabolic, infi ltrative, isch-
emic, and primary myopathic causes (Table 13-11). Myocarditis, one of the most common causes of myocardial 
disease, is an acute infl ammation most often caused by a viral infection. Many viruses have been identifi ed as 
etiologic agents; however, adenovirus, coxsackie B virus, and parvovirus are by far the most common in children. 
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In earlier years, it was often impossible to identify a specifi c viral agent, because peripheral serum titers were 
often nondiagnostic. More recent studies utilizing the polymerase chain reaction to analyze myocardial biopsy 
specimens have increased the ability to identify specifi c viral agents. Biopsy specimens reveal an acute infl am-
matory infi ltrate and evidence of myocyte necrosis, often replaced later by fi brous scar tissue.

Common metabolic causes of myocardial dysfunction include electrolyte abnormalities such as hypocal-
cemia and hypomagnesemia, hypoglycemia, and hypothyroidism. Rarer causes relate to defi ciencies of a specifi c 

FIGURE 13-13. Recommendations of the American Heart Association for prophylaxis against subacute bacterial 
 endocarditis. Adapted from Committee on Rheumatic Fever, Endocarditis, and Kawasaki Disease: Prevention of Bacterial 
Endocarditis: Recommendations by the American Heart Association. JAMA 277:1794–1801, 1997. Circulation 96:358–366, 
1997. Copyright 1997, American Medical Association.
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nutrient, an inborn error of metabolism, or are secondary to a toxin (see Table 13-11). Infi ltrative myocardial 
diseases also occur with inborn errors of metabolism such as the abnormal glycogen deposition associated with 
type II (Pompe) glycogen storage disease. Ischemic heart disease is uncommon in children; however, it may 
occur with congenital  abnormalities of the coronary arteries (e.g., anomalous origin of the left coronary artery 
from the pulmonary artery), in  homozygous hyperlipidemias, and in postoperative patients after the repair of a 
complex congenital heart  disease.

With use of new tools in molecular genetics and genomics, many cardiomyopathies formerly considered 
idiopathic are now being recognized as resulting from specifi c gene defects. Patients being evaluated for cardio-
myopathy require a detailed family history and should be evaluated by a geneticist with expertise in this area. 
Genetic testing for cardiomyopathy has progressed signifi cantly over the past decade, and several commercial 
laboratories now off er testing for the most common gene mutations. However, the correlation between genotype 
(the specifi c gene mutation) and phenotype (the patient’s presenting signs, symptoms, and ultimate prognosis) 
is still a work in progress.

Cardiomyopathies can also be divided based on their physiology into dilated, hypertrophic, and restrictive 
subtypes. In dilated cardiomyopathy (DCM), the left ventricular end-diastolic volume is increased, and the 
ventricular wall is proportionally thin. Th e primary physiologic derangement is a decrease in systolic function 
(contraction or inotropy). In contrast, in hypertrophic cardiomyopathy (HCM, formerly known as idiopathic 
hypertrophic subaortic stenosis or IHSS), the end-diastolic volume is decreased and the ventricular wall is 
thickened, either eccentrically or concentrically. Th e primary physiologic derangement involves diastolic function 
(relaxation or lusitropy), although the subaortic muscle can often become thick enough to cause obstruction to 
the left ventricular outfl ow tract, a signifi cant cause of symptoms. In restrictive cardiomyopathy (RCM), the 
ventricular volume is normal to mildly decreased, and the wall thickness is normal or minimally increased. Th e 
primary physiologic derangement involves diastolic function due to extremely poor compliance (distensibility) 
of the ventricular chamber. Th e atria are typically markedly enlarged.

Clinical and Laboratory Evaluation
History

Children with myocarditis may present with either a rapid onset (more common in infants) or a more insidious 
onset (more common in older children) of symptoms of congestive heart failure. Th ey may have a history of an 
upper respiratory tract infection or gastroenteritis within the previous month. Younger children may display evi-
dence of decreased activity, irritability, or feeding intolerance. Older children may complain of diffi  culty breathing, 
chronic cough, easy fatigability, abdominal symptoms, dyspnea on exertion, orthopnea, or recent weight gain.

In patients with genetic myopathies, presentation is usually more insidious, although occasionally a  family 
history of a specifi c metabolic disorder raises the index of suspicion and leads to an earlier diagnosis. Many pa-
tients may have been followed for weeks or months with a diagnosis of upper respiratory tract infection, pneumo-
nia, chronic abdominal pain, or asthma. Occasionally, patients with hypertrophic or restrictive  cardiomyopathy are 
fi rst diagnosed when they present with syncope, or even with “missed sudden death,”  secondary to arrhythmia.

Physical Examination

General physical signs of congestive heart failure are similar to those described in the section on congenital heart 
defects (see Congenital Heart Disease). Findings include tachypnea, subcostal retractions, wheezes or rales, 
hepatosplenomegaly, and poor peripheral perfusion and pulses. Edema occurs around the eyes and on the back 
in infants and in the lower extremities in older children and adolescents. Th e cardiac examination may reveal 
diminished heart sounds, an increased cardiac impulse, a gallop rhythm, and often a holosystolic murmur of 
mitral or tricuspid insuffi  ciency due to dilatation of one or both of the semilunar valve rings. Th e presence of a 
rub suggests pericardial involvement, which can be associated with myocarditis. Hepatomegaly is common.

Laboratory Evaluation

Th e chest radiograph is the best laboratory test for evaluation of cardiac chamber enlargement and the presence 
of pulmonary edema. Th e ECG is the best test for evaluation of chamber hypertrophy or signs of ischemia or 
infl ammation. In myocarditis, the ECG may show low-voltage QRS complexes, ST-segment depression, and 
various degrees of heart block and other dysrhythmias. Th e hypertrophic myopathies demonstrate either iso-
lated left or biventricular hypertrophy, and signs of ischemia or strain (e.g., T-wave inversion in lead V

6
) may be 

evident. Some of the metabolic or infi ltrative myopathies have distinctive ECG patterns such as the short PR 
interval and hypertrophy pattern associated with Pompe disease. In suspected viral myocarditis, serum viral titers 
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are only rarely diagnostic. A myocardial biopsy, performed transvenously in the cardiac catheterization labora-
tory, yields a specifi c diagnosis in most cases. MRI has also been used to detect myocarditis.

Differential Diagnosis
Th e diff erential diagnosis of acute myocardial dysfunction includes all of the conditions listed in Table 13-11. 
Endocardial biopsy sometimes allows a defi nitive diagnosis, but it often shows only fi brosis and compensatory 

 TABLE 13-11

Causes of Diseases of the Myocardium

Infectious Diseases

Viral myocarditis
 Adenovirus, coxsackievirus, parvovirus (most common)
 Mumps, measles, rubella, echovirus, cytomegalovirus, HIV, arbovirus, poliovirus

Nonviral myocarditis
  Toxoplasma gondii, Mycoplasma pneumoniae, rickettsiae, Chlamydia trachomatis, diphtheria toxin, 

 Trypanosoma cruzi (Chagas disease)

Immunologic myocarditis
 Acute rheumatic fever
 Kawasaki syndrome

Metabolic Diseases

Electrolyte abnormalities
 Hypocalcemia, hypomagnesemia, hypokalemia, hyperkalemia, hypoglycemia

Endocrine abnormalities
 Infants of diabetic mothers, hypothyroidism, pheochromocytoma

Drugs and toxins
 Alcohol, cocaine, adriamycin, chloroquine, ipecac, radiation

Vitamin and trace metal defi ciencies (thiamine [beriberi], selenium [Keshan disease], carnitine,  taurine)

Infi ltrative Diseases

Glycogen storage diseases (Pompe)

Glycolipid disease (Fabry)

Hemochromatosis (in patients receiving multiple transfusions)

Mucopolysaccharidoses

Cystinosis

Amyloidosis

Sarcoidosis

Neoplasms (lymphoma, rhabdomyoma [seen in tuberous sclerosis])

Primary Myopathic Diseases

Genetic forms of dilated cardiomyopathy (DCM) including muscular dystrophies (Duchenne, Becker)

Hypertrophic cardiomyopathy (HCM)

Restrictive cardiomyopathy (RCM)

Isolated noncompaction of the left ventricle
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hypertrophy of remaining myocardial cells. Th ese cases lead to a diagnosis of idiopathic DCM. Polymerase 
chain reaction analysis, usually performed in a research laboratory, has recategorized many of these “idio-
pathic” cases as the chronic stage of postviral myocarditis. Severe sepsis can lead to ventricular dysfunction, 
which is reversible when the infection is treated. Uremia in end-stage renal disease can also lead to ventricular 
dysfunction, which often improves with dialysis and management of hypertension, and can resolve fully after 
renal transplant.

Management
Th e treatment of acute myocarditis involves supportive therapy with diuretics, and in cases of hemodynamic 
decompensation, intravenous inotropic agents (e.g., dopamine, dobutamine, milrinone) or afterload-reducing 
drugs (e.g., nitroprusside, captopril). Th e infl amed myocardium is more sensitive to the arrhythmogenic eff ects 
of digitalis, so this agent is usually not used in this setting. Specifi c anti-infl ammatory therapy with corticos-
teroids or other immunosuppressives or intravenous immune globulin (IVIG) is still controversial. For patients 
who do not respond to intravenous inotropes, several methods of artifi cial circulatory support are available, 
including extracorporeal membrane oxygenation and left ventricular assist devices. Cardiac transplantation is 
the only specifi c treatment available for children with the more severe forms of dilated or restrictive cardio-
myopathy. Currently, the 1- and 5-year survival rates for pediatric heart transplant recipients are 90% and 75%, 
respectively.

For children with hypertrophic cardiomyopathy, surgical resection of subaortic muscle can reduce symp-
tomatology and antiarrhythmics or an implantable cardioverter defi brillator can reduce the risk of sudden death 
secondary to ventricular arrhythmias. Transplantation is an option in the most severe cases.

RHEUMATIC HEART DISEASE
Improvement in public hygiene and standards of living, combined with the routine antibiotic treatment of strep-
tococcal pharyngitis, has resulted in a marked decrease in the incidence of rheumatic fever in the United States. 
However, rheumatic fever is still a major public health problem in many developing countries. A worrisome resur-
gence of rheumatic fever began in the United States in the mid-1980s; the exact reasons for this are unknown.

Pathophysiology
Acute rheumatic fever is associated with an infection (usually of the pharynx) with group A �-hemolytic 
 streptococci that triggers an abnormal immune response in genetically susceptible individuals. In these indi-
viduals, B-lymphocytes are sensitized by streptococcal antigens, leading to the formation of antistreptococcal 
antibodies. Immune complexes form that cross-react with antigens present on cardiac muscle, leading to infl am-
mation and both myocardial and valvular disease.

Pathologic changes occur not only in the heart, but in connective tissue and in perivascular tissue. Th e 
characteristic pathologic lesion is the Aschoff  body, consisting of an infl ammatory focus surrounding disrupted 
connective tissue fi bers. Th e initial acute attack leads to a pancarditis (involvement of pericardium, myocardium, 
and endocardium). Initial attacks of rheumatic fever result in valve thickening (verrucous valvulitis), leading to 
regurgitation, most frequently of the mitral and aortic valves. Pathologic changes also occur in the joints (ar-
thritis), skin (subcutaneous nodules, erythema marginatum), and central nervous system (CNS) (chorea). In 
the heart, recurrent attacks result in repeated scarring of the aff ected valves, usually resulting in the development 
of mitral stenosis.

Clinical and Laboratory Evaluation
History

Patients may present with a history of a recent episode of untreated or partially treated pharyngitis, although 
this history is variable. A complaint of migratory polyarthritis, usually aff ecting large joints with transient 
erythema and eff usions, is often the major presenting symptom. Symptoms of congestive heart failure are less 
common. Sydenham chorea is also a less common presentation of acute rheumatic fever. Th e chorea consists 
of sudden abnormal movements of the extremities but may develop insidiously as clumsiness or deteriorating 
school performance. Muscle weakness and behavioral disturbances are common. A history of previous episodes 
of acute rheumatic fever is very signifi cant, as recurrence risks are high.
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Physical Examination

Th e physical examination should focus on detection of arthritis (e.g., joint swelling, redness, warmth, and pain) 
as opposed to arthralgias (pain alone). Th e cardiac examination may be notable for a friction rub secondary to a 
pericardial eff usion, a gallop rhythm, or a new heart murmur of mitral regurgitation (holosystolic) or aortic regur-
gitation (decrescendo diastolic). Th e classical skin lesions are 0.5 to 1.0 cm, painless, subcutaneous nodules on the 
extensor surfaces of the hands, feet, scalp, or vertebra. Th e typical rash is erythema marginatum, although it oc-
curs in only about 10% of patients, and consists of an evanescent erythematous macule with a clear center and ser-
piginous outline. Erythema marginatum is predominantly truncal, is also migratory, and is usually  nonpruritic.

Laboratory Evaluation

Th e standard laboratory evaluation shows elevation of several acute phase reactants, including ESR and 
 C-reactive protein; however, these fi ndings are very nonspecifi c. A rising titer of antistreptococcal antibodies 
(antistreptolysin O antibodies, anti-DNAse B, antihyaluronidase) is very important in making the diagnosis. 
Culture of group A �-streptococci from the pharynx is also important.

Th e ECG may show a prolonged PR interval or fi rst-degree heart block. Th e chest radiograph reveals car-
diac enlargement in patients with active carditis and pulmonary edema in patients with congestive heart failure.

Differential Diagnosis
Th e diagnosis of acute rheumatic fever may be diffi  cult, because most patients do not present with all of the 
textbook criteria. Th e AHA has guidelines for the diagnosis of rheumatic fever, known as the modifi ed Jones 
criteria (Table 13-12). Th e diff erential diagnosis often includes several of the rheumatic diseases of childhood, 
such as rheumatoid arthritis and systemic lupus erythematosus (see Chapter 21).

Management
Treatment involves eradication of the streptococcal infection with penicillin. Benzathine penicillin G given 
as an intramuscular injection of 0.6 to 1.2 million units is the most eff ective because compliance is ensured. 
 Anti-infl ammatory agents such as aspirin, which are begun at 30 to 60 mg/kg/day in four divided doses, are 

 TABLE 13-12

Modifi ed Jones Criteria for Diagnosis of Acute Rheumatic Fevera

Major Manifestations

1. Carditis (cardiomegaly, heart murmur, pericarditis, congestive heart failure)

2. Polyarthritis

3. Erythema marginatum

4. Subcutaneous nodules

5. Chore

Minor Manifestations

1. History of previous episode of rheumatic fever

2. Arthralgias

3. Fever

4. Increased acute phase reactants (ESR, C-reactive protein, WBC count, anemia)

5. ECG changes (increase PR or QT intervals)

ECG, electrocardiogram; ESR, erythrocyte sedimentation rate; WBC, white blood cell.

a Th e presence of two major or one major and two minor manifestations combined with evidence of recent streptococcal infection 

 (positive throat culture, elevated antistreptolysin O titer, history of scarlet fever) are highly indicative of diagnosis of rheumatic fever.

770309_Ch_13.indd   324770309_Ch_13.indd   324 5/6/11   12:57:57 PM5/6/11   12:57:57 PM



CHAPTER 13 ■ CARDIOLOGY   325

continued depending on the individual’s response, usually for 2 to 6 weeks. Corticosteroids are rarely used, al-
though they may be benefi cial in the treatment of patients with severe carditis and congestive heart failure. For 
patients in heart failure, other treatment modalities are used as needed (see Table 13-4). Clinicians no longer 
require strict bed rest. However, they still recommend a modifi ed and gradual ambulatory program during the 
acute phase of the illness.

An important concept in rheumatic fever treatment is the prevention of future episodes. Once aff ected, 
children are at high risk for recurrent attacks and continue to receive penicillin prophylaxis. Th is involves either 
twice-daily penicillin G (250,000 units) or parenteral benzathine penicillin G (1.2 million units) given intra-
muscularly every 4 weeks. Th e latter is preferred if poor compliance is suspected. 

KAWASAKI DISEASE
First described in 1967 in Japan, Kawasaki disease (also known as mucocutaneous lymph node syndrome) is a gen-
eralized vasculitis of unknown etiology. It is currently one of the leading causes of acquired heart disease in children. 
Although initial reports of Kawasaki disease were confi ned to Asia, the disease has now been described worldwide. 
It occurs in both endemic and epidemic patterns. Epidemics have usually taken place during the winter or spring. 
In the United States, the prevalence is approximately 9 cases per 100,000 children less than 5 years of age, with 80% 
of cases in children younger than 8 years of age. Kawasaki disease is more prevalent in children of Asian ancestry.

Pathophysiology
Coronary artery disease is present in 20% of untreated patients with Kawasaki disease. In untreated patients, 
there are four pathologic stages.

• Stage 1 (fi rst 2 weeks): An acute vasculitis, involving predominantly the coronary arteries, is present. A pan-
carditis, with infl ammatory changes in the cardiac conduction system, may accompany the vasculitis.

• Stage 2 (2 to 4 weeks after onset): Th e coronary vasculitis persists, and coronary artery aneurysms may 
occur. In some cases, thrombosis in the aneurysms may occur, with obstruction of coronary blood fl ow.

• Stage 3 (4 to 8 weeks): Coronary infl ammation begins to subside, although aneurysms may still be 
 present. Th e myocardial infl ammation is almost resolved.

• Stage 4 (more than 8 weeks after onset): Scar formation and calcifi cation of the coronary arteries, stenosis 
and recanalization of the coronary lumen, and myocardial fi brosis occur. 

Other arteries may be involved and, rarely, peripheral arterial involvement may be severe enough to cause 
gangrenous changes in the extremities.

Clinical and Laboratory Evaluation
History and Physical Examination

Clinically, Kawasaki disease has three distinct phases: acute, subacute, and chronic. Th e acute febrile phase with 
typical skin and mucous membrane manifestations lasts up to 2 weeks (Table 13-13). Th e subacute phase is char-
acterized by milder clinical disease and thrombocytosis, during which time coronary aneurysms may develop. 
Th is phase may last from the second to the fourth week of illness. Th e chronic phase, during which symptoms 
and laboratory abnormalities resolve, lasts up to 2 months after onset. During the acute phase, diagnosis is based 
on fulfi lling fi ve of six major criteria.

Additional clinical features may be present. Such symptoms include arthralgia or arthritis, cough, rhinor-
rhea, pneumonia, abdominal pain, diarrhea, jaundice, irritability, aseptic meningitis, and carditis.

Th e cardiac examination may be signifi cant for the presence of a gallop rhythm. A fl ow murmur may 
be heard secondary to the high fever and mild anemia. A pericardial friction rub or distant heart sounds may 
 indicate the presence of a pericardial eff usion, which occurs in one-third of patients. Rarely, murmurs of mitral 
or aortic regurgitation are present when the carditis is severe.

Laboratory Evaluation

A complete blood cell count shows an elevated white blood cell count and mild anemia. During the early acute 
phase, the platelet count is normal, but becomes elevated during the second and third weeks of the disease. Th e 
ESR and other acute phase reactants are elevated. Urinalysis reveals sterile pyuria and proteinuria. If a lumbar 
puncture is performed, spinal fl uid examination fi nds mild pleocytosis with normal glucose and protein levels. 
Abdominal ultrasound may show hydrops of the gallbladder.
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Th e ECG may be normal or may show prolonged PR or QT intervals, low voltages, ST-T wave chang-
es, or dysrhythmia. During the subacute phase, signs of coronary ischemia or infarction may be present 
( abnormal Q waves or ST segments). Clinicians usually obtain an echocardiogram at the time of initial 
diagnosis to establish a baseline with which subsequent studies can be compared and to detect a pericardial 
eff usion.  Occasionally, this initial echocardiogram reveals early coronary aneurysms. A repeat echocardiogram 
is then appropriate 3 to 4 weeks after onset; it demonstrates coronary aneurysms if present. If no aneurysms 
are evident at this time, a fi nal follow-up echocardiogram at 6 to 8 weeks, and another several months later 
are usually warranted.

Differential Diagnosis
Several infectious diseases may present with symptoms and signs similar to those of Kawasaki disease, includ-
ing measles, scarlet fever, staphylococcal scalded skin syndrome, toxic shock syndrome, and Rocky Mountain 
spotted fever (see Chapter 9). Other disorders worthy of consideration in the diff erential diagnosis include al-
lergic drug reactions, Stevens-Johnson syndrome, myocarditis, rheumatic diseases such as juvenile rheumatoid 
arthritis, and mercury poisoning.

Management
Initial therapy of Kawasaki disease is directed at reducing infl ammation and preventing development of coro-
nary artery aneurysms. Chronic therapy is directed at preventing coronary artery thrombosis. When the diag-
nosis is fi rst established, intravenous gamma globulin, given as 2 g/kg as a single infusion over 12 hours, is the 
standard treatment. If administered within the fi rst 10 days of the onset of disease, gamma globulin has been 
shown to signifi cantly decrease the risk of aneurysm formation. For resistant cases (i.e. those children whose 
infl ammation does not subside after IVIG treatment), either a second dose of IVIG can be given or stronger 
anti-infl ammatory agents (steroids, or the TNF-α antibody infl iximab) can be used (usually with consultation 
of a pediatric cardiologist and rheumatologist).

During the acute phase, aspirin is also given at 80 to 100 mg/kg/day orally four times daily. Aspirin re-
duces systemic symptoms and also decreases the risk of aneurysm formation. When patients become afebrile, 
they continue to take aspirin at a lower dose of 3 to 5 mg/kg given once daily. Discontinuation of low-dose 
aspirin is appropriately 6 to 8 weeks after the onset of illness, unless coronary aneurysms are present. Patients 
with documented aneurysms should continue to take low-dose aspirin indefi nitely. Patients with giant an-
eurysms or those who present with coronary thrombosis may require systemic anticoagulation with heparin 
or warfarin.

Long-term management of patients with aneurysms depends on assessment of the patient’s risk, as 
determined by the site and size of the coronary aneurysms. Follow-up of these patients with ECGs and 

 TABLE 13-13

Classic Diagnostic Criteria for Kawasaki Diseasea

Fever persisting for at least 5 days PLUS

Presence of at least four of the following fi ve principal features

Changes in extremities:
            Acute: erythema and edema of hands and feet
            Convalescent: membranous desquamation of fi ngertips

Polymorphous exanthema

Bilateral, painless bulbar conjunctival injection without exudate

Changes in lips and oral cavity: erythema and cracking of lips, strawberry tongue, diff use injection of oral 
and pharyngeal mucosae

Cervical lymphadenopathy (	1.5 cm in diameter), usually unilateral

a From AHA Scientifi c Statement: Diagnostic guidelines for Kawasaki disease. Circulation 103:335–336, 2001.
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echocardiograms at 6- to 12-month intervals are appropriate. Coronary angiography is warranted if these 
noninvasive tests are abnormal. Exercise stress testing is used to screen for coronary insuffi  ciency and to guide 
recommendations regarding participation in sports activities.

CHEST PAIN
Chest pain is a very common complaint in general pediatrics. It ranks just behind headache and abdominal pain 
in frequency and becomes a more common problem in older children and adolescents.

Pathophysiology
Th e causes of chest pain are varied, ranging from musculoskeletal problems to functional causes. Th ey are not 
all thoracic (Tables 13-14 and 13-15).

Clinical and Laboratory Evaluation
History

A careful and detailed history is critical to the proper evaluation of chest pain in children; often, physi-
cal fi ndings and laboratory studies are not helpful. Th e examiner should be careful to acknowledge the 
patient’s and parents’ concerns and not try to rush the diagnosis because the success of chest pain relief 
often depends on the ability of the physician to reassure the family regarding the usually benign nature 
of the problem. Th e focus of attention should be on the location, duration, and quality of the pain, and, in 
particular, whether it is pleuritic in nature. Inciting circumstances and whether the pain occurs at rest or 
wakes the patient from sleep are important historical items. Th e coexistence of palpitations is suggestive 
of a dysrhythmia as the cause of the chest pain, although emotion-induced chest pain is often associated 
with tachycardia.

In addition, the physician should note the quality of interactions between child and family members, and 
search for possible hidden agendas or secondary gain. Often the pain is a manifestation of a fear (e.g., fear of 
dying in a child who has recently lost a friend or relative). Determining whether children have missed school 
and whether the pain occurs on weekends as well as school days is important.

Physical Examination

Inspection of the chest for signs of trauma, congenital abnormalities, or alterations in respirations is important. 
Examination of the back should include an evaluation for scoliosis. Palpation of all areas of the chest wall 

 TABLE 13-14

Common Thoracic Causes of Chest Pain in Children

Etiology Description Evaluation

Costochondritis History of an upper respiratory tract 
infection or vigorous exercise; pain is 
often unilateral

Pain is reproduced by palpation or 
movement of arm

Tietze syndrome Pain is intermittent but increased by 
coughing or movement

Unilateral swelling at sternoclavic-
ular or sternochondral junction

Muscle strain History of vigorous exertion or exces-
sive weight lifting

Tenderness on palpation and on 
movement

Stress fracture Often sports-related (tennis, rowing, 
football)

Tenderness on palpation and on 
movement; chest radiograph

Tussive trauma Chronic cough; history of allergies or 
chronic illness

Reproduction with coughing

Herpes zoster 
(shingles)

Pain and burning along intercostal 
lines; vesicular rash

Tender to palpation along course 
of nerve

770309_Ch_13.indd   327770309_Ch_13.indd   327 5/6/11   12:57:58 PM5/6/11   12:57:58 PM



328   SECTION II ■ PEDIATRIC SUBSPECIALTIES

 TABLE 13-15

Non-Chest Wall Causes of Chest Pain in Children
Pulmonary

Asthma

Bronchitis

Tracheitis

Pneumonia

Foreign body (including broken sternal wire in patient after repair of congenital heart disease)

Pneumothorax

Pleuritis

Pleurodynia (Devil’s grip)

Irritation of the diaphragm from intra-abdominal sources

Cardiac

Dysrhythmia

Mitral valve prolapse

Aortic stenosis

Hypertrophic cardiomyopathy (HCM) with obstruction

Myocarditis

Pericarditis

Coronary artery anomalies
 Congenital
 Aneurysms (after Kawasaki disease)

Angina secondary to sickle cell crisis

Gastrointestinal

Esophagitis and gastroesophageal refl ux

Achalasia

Foreign body

Esophageal spasm

Other

Scoliosis and other spinal deformities

Psychogenic (anxiety, hyperventilation syndrome) 

 determines whether the pain is musculoskeletal in origin and whether cardiac signs (e.g., heave, thrill) are pres-
ent. Careful auscultation detects pulmonary abnormalities (e.g., adventitious sounds, decreased breath sounds) 
as well as cardiac abnormalities.

Laboratory Evaluation

It is important to keep laboratory studies to an absolute minimum unless specifi c fi ndings point to an organic 
cause, which requires further evaluation (e.g., rib fracture, pneumonia, pericardial rub).
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Differential Diagnosis
Th oracic conditions are by far the most common causes of chest pain (see Table 13-14). A variety of other 
conditions may also result in chest pain (see Table 13-15). Cardiac disease rarely causes chest pain in children, 
but cardiac conditions that lead to such pain are usually severe. Congenital aortic stenosis or other forms of 
left ventricular outfl ow tract obstruction, mitral valve prolapse, or dysrhythmia may be present; diagnosis using 
cardiac auscultation is easy. Coronary artery problems are quite rare in children; however, if they are suspected, 
diagnosis is usually possible after careful examination of the ECG. Th e chest pain associated with pericarditis is 
often worsened by lying fl at and is improved by sitting up.

Management
Management of chest pain in children and adolescents depends on the suspected cause. For thoracic conditions, anal-
gesics and anti-infl ammatory agents are usually curative. For suspected cardiac conditions, further evaluation may in-
clude ECG, echocardiography, and either treadmill or bicycle exercise stress testing. Once a specifi c cardiac diagnosis 
has been established, treatment may take place. Interventions may include surgery or valvuloplasty (for aortic stenosis), 
surgery or angiography (for coronary artery anomalies), or prohibition or physical activities (for cardiomyopathies).

SYNCOPE

Pathophysiology
Syncope is defi ned as a temporary loss of consciousness and postural tone. Causes of syncope include cardiovascular, 
CNS, and metabolic disorders as well as reactions to cardioactive drugs. Th ese disorders may lead to a loss of con-
sciousness due to a primary decrease in cerebral perfusion, to a global decrease in cardiac output, to an abnormality 
in peripheral vascular tone, or to a decrease in cerebral substrate delivery. Cerebral blood fl ow is normally autoregu-
lated (i.e., it remains relatively constant despite wide fl uctuations in blood pressure). Th us, systemic arterial blood 
pressure must fall precipitously in order for cerebral perfusion to decrease. Although some causes of syncope are 
intrinsically benign, they are dangerous because of the risk associated with the loss of consciousness during activities 
such as driving. Other causes may be intrinsically dangerous and can lead to cerebral ischemia or death.

Clinical and Laboratory Evaluation
History

More ominous causes of syncope are often associated with a history of congenital or acquired cardiac disease or 
other systemic illnesses. A history of Kawasaki disease may be present in patients with syncope due to coronary 
artery disease. A family history of sudden death or congenital deafness may be found in patients with the long 
QT syndrome.

When prodromal symptoms such as dizziness, pallor, nausea, or hyperventilation occur, vasovagal syncope (the 
common faint) is more likely (see Syncope, Diff erential Diagnosis). Th ere may also be a history of an  inciting event 
such as fright or stress, although these can be a trigger for arrhythmia in patients with long QT syndrome. In contrast, 
if there is no prior warning, or if palpitations or chest pain occur, a cardiac etiology is more likely. Syncope occurring 
after exercise is often a sign of a left heart obstructive lesion (e.g., aortic stenosis). Th e duration of unconsciousness is 
important, but may be diffi  cult to assess; nonprofessional observers may exaggerate the length of the event. Vasovagal 
faints are usually brief (less than 1 min), whereas longer periods of unconsciousness are potentially more ominous. A 
history of multiple episodes is another indication for concern. Inquiries concerning whether there was any associated 
tonic–clonic activity, abnormal eye movements, or incontinence that could indicate a seizure disorder are appropriate.

Physical Examination

Careful measurements of heart rate and blood pressure, both in the supine and standing positions, are appropri-
ate. Repeat measurements after the patient has remained standing for 10 to 15 minutes are necessary. Physical 
examination fi ndings are especially useful in determining a cardiac etiology; patients with congenital heart 
disease have diagnostic murmurs such as the systolic ejection murmur of aortic stenosis (see Tables 13-1 and 
13-2). Other cardiac fi ndings such as the midsystolic click of mitral valve prolapse may be subtle, and cardiac 
disease may even be silent (e.g., in coronary artery anomalies). Th e presence of a midline or thoracotomy scar 
makes it likely that a patient has undergone an intracardiac surgical repair. In this circumstance, suspicion of an 
arrhythmogenic cause (either bradycardia or tachycardia) is heightened.
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Laboratory Evaluation

Th e history and physical examination fi ndings should guide the initial laboratory evaluation. If a simple vas-
ovagal faint is suspected, minimal evaluation is necessary. Initial evaluation should include an ECG and mea-
surement of serum glucose, calcium, and electrolytes. If a seizure disorder is suspected, a complete neurologic 
examination and electroencephalography are indicated, and possibly a head CT scan or MRI.

Evaluation of patients with a suspected cardiac or arrhythmogenic etiology may include 24-hour Holter 
or transtelephonic ECG (cardiobeeper) recording, echocardiogram, treadmill exercise test, tilt table testing, and 
cardiac catheterization with electrophysiologic study.

Differential Diagnosis (Table 13-16)
Vasovagal syncope (common faint) is the result of the interruption of normal central vasomotor tone, leading to 
arteriolar vasodilation, hypotension, and decreased cerebral perfusion pressure. It is often associated with stimuli 
such as anxiety, fright, or surprise, and it may be more common after a period of fasting.

Cardiac syncope is most commonly associated with heart lesions that cause obstruction to left-sided 
blood fl ow (mitral or aortic stenosis, hypertrophic cardiomyopathy). Syncope may develop in association 
with severe hypercyanotic spells in patients with right-sided obstructive lesions (e.g., tetralogy of Fallot) (see 
Congenital Heart Disease). Dizziness or syncope may also occur in patients with low cardiac output due to 
primary cardiomyopathies. Rarer causes of cardiac syncope in children include intracardiac tumors and coro-
nary artery abnormalities.

 TABLE 13-16

Differential Diagnosis of Syncope in Children

Etiology Provocation Prodrome Duration Associated 

Illnesses

Recur-

rence Risk

Vasovagal Stress, fright Dizziness, 
nausea, 
sweating

Brief 
(<1 min)

None Rare

Cardiac Exercise None, 
 palpitations, 
chest pain

Several min-
utes

Congenital 
heart disease

Yes

Arrhyth-
mogenic

None except 
sometimes 
fright or surprise 
in long QT syn-
drome (LQTS)

None, 
 palpitations

Several min-
utes

None, congeni-
tal heart disease 
after repair, con-
genital deafness 
(LQTS)

Yes

Orthostatic Getting up 
from bed

None Brief Fluid or blood 
loss, pregnancy

Yes

Seizure 
disorders

None None, aura Variable None, neuro-
logic disorder

Frequent

Hypoglyce-
mia

Fasting Weakness, 
dizziness

Variable (may 
be prolonged 
if untreated)

Diabetes Yes

Vagovagal Intubation, 
nasogastric tube, 
instrumentation

None, dizzi-
ness

Brief None Occasional

Hysterical In front of other 
people, absence 
of injury

None Variable Psychosocial 
problems

Yes
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Arrhythmogenic syncope may occur in the presence or absence of structural heart disease. In patients 
with normal hearts, congenital long QT syndrome is one cause. When associated with congenital deafness, it 
is known as the Jervell and Lange-Nielsen syndrome. Aff ected patients often present with a history of a sud-
den fright- or startle-inducing syncope, which occurs secondary to a form of ventricular tachycardia known as 
torsade de pointes. Patients with one of the preexcitation syndromes (e.g., Wolff -Parkinson-White syndrome) 
may have syncope associated with episodes of rapid SVT with one-to-one AV conduction.

In patients with abnormal hearts, mitral valve prolapse, hypertrophic cardiomyopathy, and arrhythmogenic 
right ventricular dysplasia are associated with ventricular tachycardia. Ebstein anomaly and corrected transposi-
tion are associated with SVT. Patients who have undergone intracardiac repair of congenital heart lesions may 
be predisposed to the development of heart block (VSD, AV septal defect), ventricular tachyarrhythmias (tetral-
ogy of Fallot), or sick sinus syndrome (atrial repair of transposition of the great vessels).

Orthostatic syncope develops secondary to failure of one of the vascular compensatory responses to postural 
change, resulting in a decrease in blood pressure and in cerebral perfusion. Th is form of syncope occurs in condi-
tions that decrease blood volume (dehydration, blood loss), in association with peripheral neuropathies, after pro-
longed bed rest, and during pregnancy. Antihypertensive medications are another cause of orthostatic syncope.

Vagovagal syncope occurs when vagal stimulation causes severe bradycardia. Th e excessive vagal tone may 
be related to tracheal intubation, placement of a nasogastric tube or other instrumentation, or may be second-
ary to distension of a viscera. When associated with urination, particularly in adolescent males, it is called 
 micturition syncope. When severe enough to be disabling, the syndrome is known as vagotonia.

Noncardiac causes of syncope include seizure disorders, migraine headaches, hypoglycemia, hypoxemia 
(especially due to breath-holding spells in younger children), and hyperventilation. Hysterical syncope, which 
may occur in older children and adolescents, is remarkable for absence of alterations in heart rate and blood 
pressure. It is very rare for patients with hysterical syncope to injure themselves during an attack. Drug abuse, 
especially with crack cocaine, may lead to syncope secondary to cardiac arrhythmias.

Management
Patients with vasovagal syncope rarely require medical intervention. In severe cases, increasing intravascular 
volume by increasing salt and water intake can be helpful. In patients with cardiac syncope, repair of the primary 
cardiac lesion, if possible, is usually curative. In arrhythmogenic syncope due to tachyarrhythmias, treatment 
consists of antiarrhythmic medications, an implantable cardioverter defi brillator (ICD), or catheter ablation if 
an accessory pathway is the inciting mechanism. In syncope due to bradycardia or heart block, treatment may 
require insertion of a pacemaker. If syncope is drug-induced, reduction in the dose or switching to another 
medication may be curative. Patients with severe vagotonia may require placement of a pacemaker, salt and water 
loading, and antivagal medications such as atropine.

HYPERTENSION (SEE CHAPTER 20)
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Th e endocrine and nervous systems are responsible for regulating the body’s metabolic activities. Th ese two 
systems, which interact on several levels, combine to form a well-regulated unit that maintains and controls the  
endocrine function. Th e three anatomic divisions of the endocrine system that are dealt with in this chapter are 
the hypothalamus, pituitary gland, and cells of target organs.

Two further divisions of the pituitary gland are the poste-
rior pituitary and the anterior pituitary. Th e posterior pituitary 
(neurohypophysis) contains two primary hormones: vasopressin 
(antidiuretic hormone [ADH]) and oxytocin. Increased vasopres-
sin secretion is regulated by high plasma osmolality and low circu-
lating blood volume, resulting in water retention. Oxytocin plays a 
role in uterine contractions and ejection of milk.

Th e anterior pituitary contains growth hormone (GH); adre-
nocorticotropic hormone (ACTH);  thyroid-stimulating hormone 
(TSH); prolactin; and the gonadotropic hormones, luteinizing 
hormone (LH) and follicle-stimulating hormone (FSH). Th ese 
hormones act on other endocrine glands or directly on specifi c tar-
get cells in the body, aff ecting growth and maintenance of body 
functions. Most anterior pituitary hormones are under negative 
feedback control from their target organs. Negative feedback be-
gins with the secretion of a releasing hormone by the hypothala-
mus, which signals the pituitary gland to secrete its stimulatory 
hormone. Th e stimulatory hormone causes subsequent release by 
the target organ of the fi nal hormone, which then exhibits negative 
feedback control on the hypothalamus, diminishing release of the 
relevant releasing hormone.

Th e thyroid system is an example of this mechanism (Figure 14-1). 
Th e hypothalamus releases thyrotropin-releasing hormone (TRH), 
which causes release of TSH and subsequent stimulation of the thyroid 
gland to secrete thyroxine. Th yroxine exerts negative feedback on the 
hypothalamus and inhibits TRH release.

SHORT STATURE
Short stature is the most common cause of referral to the pediatric endocrinologist. Several intricate processes 
involving genetic potential, environmental infl uences, and the hormonal milieu to which the skeletal system is 
exposed determine growth and, therefore, fi nal adult height. Th e major mechanism by which linear growth oc-
curs is the lengthening of the skeletal system; insulin-like growth factor I (IGF-I), a small polypeptide secreted 
by the liver and other tissues, mediates this process. In turn, this peptide is under the control of GH released by 

Thyrotropin-releasing
hormone

+

+

Hypothalamus

Thyroid-stimulating
hormone

Thyroxine

Pituitary gland

Thyroid gland

–

–

FIGURE 14-1. Th yroid hormone release 
as an example of positive and negative 
feedback loops.
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the anterior pituitary gland. A thin plate of cartilage, the epiphyseal plate, is juxtaposed between the epiphysis 
and metaphysis of the long bones, and as long as it remains cartilaginous and not ossifi ed, growth continues. 
Although IGF-I mediates growth, insulin, thyroid hormone, GH, proper nutritional intake, and appropriate 
psychosocial environment are all essential for proper growth.

Devices that can accurately and reproducibly measure recumbent length in infants and erect height in 
older children should be available to physicians who are evaluating children for growth. Th e midparental 
target height (TH) is a useful calculation to determine the genetic infl uence on growth. Because there is 
a 13 cm (5 in) diff erence in height between men and women, prior to averaging the parental heights, an 
adjustment must be made, namely adding 13 cm to the mother’s height in the case of a boy, or subtracting 
13 cm from the father’s height in the case of a girl. Th e formula, therefore, to calculate the midparental TH 
for males is

  
[FH � (MH � 13)]

  __ 
2
   � 5 cm (1 SD)

For females, the formula for TH is

  
[(FH � 13) � MH]

  __ 
2
   � 5 cm (1 SD)

In both equations, FH is the father’s height in centimeters and MH is the mother’s height in centimeters.
Determination of the midparental height as part of the initial evaluation of a child with short stature al-

lows for an approximate prediction of expected adult height. Any growth pattern that signifi cantly deviates from 
midparental height warrants close monitoring; it may indicate pathology.

Growth rates are equally important in assessing children’s growth. Standardized growth charts are readily avail-
able for both sexes and are invaluable in making this assessment (see Figures 2-3 to 2-7). Normal linear growth is 
approximately 16 to 17 cm in the fi rst 6 months of life and 8 cm in the next 6 months of life. Children usually grow 
at least 10 cm in the second year of life and at least 5 to 6 cm per year between the fourth and tenth years of life. Th e 
presence of any chronic systemic illness may interfere with normal growth.

Pediatric Pearl: Short parents generally have short children. It is always appropriate to 
evaluate midparental heights before embarking on costly evaluations.
Pe
ev

It is important to recognize that there are times when apparent growth failure (crossing percentiles) may 
be normal.

First 3 Years of Life
Th e size of an infant at birth is largely determined by placental suffi  ciency and less by the size of the parents. 
Th erefore, one may have an average size baby (50th percentile for weight and length) born to a mother who is 
5 ft and whose father is 5 ft 6 in. Such a child will typically decrease his or her height percentile over the fi rst 
18 months of life, a process that is sometimes referred to as physiological “catch-down” growth. In fact, the 
height percentile of two-thirds of normal infants shift during the fi rst 18 months of life, with an equal number 
moving upward as downward.

A child who is destined to have delayed puberty (constitutional delay) will have subnormal growth during 
the fi rst 3 years of life such that by 3 years their height percentile is signifi cantly lower than it was at birth. Dur-
ing this period of “abnormal growth,” the epiphyseal growth plate maturation is slowed with the result that by 
3 to 4 years, the child is relatively short with a delayed bone age. Beyond 3 to 4 years the linear growth remains 
relatively normal such that the height percentile remains constant. Pubertal changes and the adolescent growth 
spurt are delayed, and these children grow for longer than their peers with the result that their ultimate heights 
are normal.

Peripubertal Period
Growth failure (crossing percentiles) is expected in any adolescent who has delayed puberty and continues to 
grow at a slow, prepubertal growth rate, at a time when his or her peers are experiencing their pubertal growth 
spurts. Because the average age of onset of puberty is 10 years in females and 12 years in males, one expects 
that an individual with delayed puberty will begin crossing percentiles at these ages. Although the majority 
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of such individuals will enter puberty spontaneously at a later time, patients with isolated hypogonadism may 
present the same way.

Clinical and Laboratory Evaluation
History

When evaluating children for short stature, it is essential to obtain a careful prenatal and perinatal history. Th e 
clinician should pay particular attention to birth weight, length, and mode of delivery. Perinatal asphyxia or hypoxia 
may explain the later development of short stature, resulting from infarction of part or all of the pituitary gland. 
Th e presence of neonatal hypoglycemia or persistent jaundice may provide an additional clue to the presence of 
hypopituitarism, which may present as either isolated GH defi ciency or multiple pituitary hormone defi ciency. It 
is necessary to rule out chronic illness or a history of neoplasm by a careful review of systems (e.g., the presence of 
headache in patients with central nervous system [CNS] disorders).

Obtaining a careful family medical history is of equal importance. Parental and sibling heights and the timing 
of onset of secondary sexual characteristics in parents and siblings help the physician understand the contribution 
that genetic makeup may have. Often, parents note that aff ected children are not growing as well as their siblings 
or classmates; therefore, sibling heights and growth patterns are crucial in the evaluative process.

Physical Examination

A careful physical examination is necessary. Accurate measurement of height, weight, and head circumference 
(in infants) is essential. If the parents are available, measurement of their heights is also necessary. It is important 
to obtain vital signs, and the clinician should pay particular attention to blood pressure and pulse rate.

In addition, dysmorphic features are worthy of note; short stature may be part of a syndrome. A care-
ful systematic physical examination is warranted to rule out chronic illness. Palpation of the thyroid gland 
is necessary to rule out goiter or the presence of nodules and associated hypothyroidism or hyperthyroid-
ism. Examination of the genitalia is a crucial part of the examination, and Tanner staging to evaluate sexual 
maturity is appropriate in all patients (see Figures 3-1 to 3-3). Congenital conditions involving the axial 
skeleton can cause short stature, and a measurement of arm span, sitting height, and body proportions 
is helpful in that diagnosis. For example, a normal arm span for age with a markedly abnormal height 
is expected in skeletal dysplasias involving the axial skeleton only. Similarly, it is necessary to obtain an 
upper:lower body ratio to rule out bony dysplasias of the skeleton that cause dwarfi sm associated with a 
short trunk. Plotting the weight for height in infants and body mass index in children over 2 years also 
provide clues regarding the etiology of growth failure. In genetic causes of growth failure (i.e., syndromes), 
patients usually have a normal weight for height, whereas in conditions such as malnutrition, systemic 
illness, and failure to thrive, patients often have “fallen off ” their weight curve prior to evidencing linear 
growth deceleration.

Laboratory Evaluation

Laboratory evaluation should begin only after performance of a complete physical examination and record-
ing of all abnormal fi ndings. As a general rule, only those children who have demonstrated deceleration of 
growth or growth rates that are abnormal for their peer group or are more than two standard deviations 
below the mean for height warrant further investigation. Th e laboratory workup (Table 14-1) should fi t the 
physical fi ndings and pertinent details of the review of systems. Th e evaluation of bone age is an index of 
skeletal maturation. In addition, the evaluation of any girl with unexplained short stature should include a 
chromosomal analysis to rule out Turner syndrome or Turner mosaicism; in the latter condition, many of the 
physical stigmata may be absent.

Differential Diagnosis (Table 14-2)
Th ere are several “occult” illnesses such as hypothyroidism, Crohn disease and celiac disease that may present 
with short stature and/or growth failure in the absence of other signs or symptoms. If screening tests for these 
conditions are negative and the IGF-I and insulin-like growth factor–binding protein-3 (IGFBP-3) are low, 
then investigation for the possibility of GH defi ciency is warranted. Constitutional delay of growth and puberty 
is an essential consideration with short stature, a strong parental history of delayed puberty, delayed dentition, 
and delayed bone age accompanied by a normal growth rate. Th is condition represents a normal variation, and 
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the clinician should reassure families that once puberty ensues, the child will undergo catch-up growth. A care-
ful history and physical examination, a period of observation, plus a bone age determination are usually suffi  cient 
for diagnosis.

IGF-I and IGFBP-3, despite being sensitive indicators of GH defi ciency, may not be entirely specifi c. 
Random serum GH levels are unreliable in diagnosing GH defi ciency because GH is normally released in a 
pulsatile fashion. Th erefore, a number of tests have been designed to diagnose GH defi ciency by either mea-
suring serum GH during exercise or utilizing known pharmacologic provocative agents for the release of GH 
(Table 14-3). Th e diagnosis of GH defi ciency requires a peak GH value of less than 10 ng/mL in response to 2 
GH stimulating agents. Th ere are, however, several problems with GH stimulation testing (Table 14-4). Before 
initiation of treatment with GH in children with GH defi ciency, a magnetic resonance imaging (MRI) scan 
of the brain is warranted to ensure that an intracranial mass involving the pituitary gland, most commonly a 
craniopharyngioma, is not missed.

Management
A pediatric endocrinologist skilled in teaching patients and their families how to inject and care for the medica-
tion usually initiates GH therapy using recombinant DNA-derived human GH. Th e initial dose varies from 
0.18 to 0.3 mg/kg/week, and is given as a daily subcutaneous injection. Currently, the cost of GH therapy is 
approximately $30,000 per year.

Some potential risks are associated with GH therapy. Local reactions to the injection, such as pain and 
bruising at the injection site, are generally minor. Slipped capital femoral epiphysis, a condition seen in children 
during periods of rapid growth, has been attributed in some cases to GH treatment, but it may also occur in 
untreated GH and thyroid defi ciency. Benign intracranial hypertension may occur during GH therapy but it is 
reversible with temporary discontinuation. Glucose intolerance is another theoretical side eff ect of GH therapy. 
One normal physiologic eff ect of GH is increasing blood glucose in response to hypoglycemia. In conditions 
of GH excess (e.g., acromegaly), hyperglycemia may occur. Th us, it is prudent to consider iatrogenic diabetes 
mellitus in those treated patients who present with the typical signs and symptoms of polyuria and polydipsia. 
Fortunately, this has been a rare problem in GH recipients. Antibodies to GH have been detected in patients 
treated with GH but are generally of little clinical signifi cance.

Th ere is no evidence that GH therapy increases the risk of leukemia. Creutzfeldt-Jakob disease, a uni-
formly fatal disease caused by an abnormal prion protein, was seen in patients who were treated before 1985 
with GH of cadaveric pituitary origin. However, no cases of this disease have been reported in those patients 
treated exclusively with recombinant DNA-derived human GH.

 TABLE 14-1

Initial Screening Laboratory Evaluation in Patients with Short Stature
Insulin-like growth factor-I (IGF-I)

Insulin-like growth factor–binding protein-3 (IGFBP-3)

Complete blood count (CBC)

Erythrocyte sedimentation rate (ESR)

Urinalysis

Serum electrolytes

Bone age

Th yroxine (T
4 
)

Th yroid-stimulating hormone (TSH )

Tissue transglutaminase IgA (with total IgA)

Karyotype (in females)
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 TABLE 14-2

Differential Diagnosis of Short Stature
Normal Variants

Normal variant constitutional delay

Normal variant short stature

Abnormal Conditions

Psychosocial

Endocrine
 Growth hormone defi ciency
 Hypothyroidism
 Cushing disease
 Panhypopituitarism
 Growth hormone insensitivity

Chronic disease
 Cardiovascular
 Gastrointestinal
 Pulmonary
 Renal
 Hematologic
 Diabetes

Skeletal

Osteochondrodysplasia
 Rickets
 Pseudohypoparathyroidism

Chromosomal abnormalities
 Turner syndrome
 Trisomy 21

Intrauterine growth retardation
 Placental insuffi  ciency
 Teratogens (e.g., fetal alcohol syndrome)

 TABLE 14-3

Provocative Tests for the Diagnosis of Growth Hormone Defi ciency
Exercise

Dopamine

Sleep

Clonidine

Arginine

Insulin

Glucagon

Propranolol
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 TABLE 14-4

Problems with Growth Hormone Provocative Testing
1. Testing does not mimic endogenous growth hormone secretion.

2. Th ere are arbitrary defi nitions of subnormal response to stimuli.

3. Th ere are variations in measured growth hormone across diff erent laboratories.

4. Th ere is poor reproducibility of the tests.

5. Results vary with age and sex steroid status.

Currently, there a number of Food and Drug Administration (FDA) approved indications for GH in 
children. Th ese include:

• GH defi ciency
• Turner syndrome
• Chronic renal failure
• Small for gestational age infants who do not show postnatal catch-up growth
• Prader-Willi syndrome
• Noonan syndrome
• Idiopathic short stature (children less than 1.2 percentile with a height prediction of less than 63 in 

in males and 59 in in females)

ABNORMALITIES OF PUBERTY
Th e timing of the events of puberty is slightly diff erent in boys and girls, and varies widely among regions and 
ethnic groups. In boys, the onset of pubertal changes before 9 years of age is considered precocious and after 
14 years of age, delayed. In girls, the onset of pubertal changes before 8 years of age is considered precocious and 
after 13 years of age is considered delayed (see Chapter 3).

Pathophysiology
Complex interactions between the hypothalamus, pituitary gland, adrenal glands, and gonads control the events 
of normal puberty. Inhibition of gonadotropin-releasing hormone (GnRH) secretion from the hypothalamus 
begins to diminish as the prepubertal dip in growth velocity occurs. Th is results in an increase in both the 
frequency and the amplitude of GnRH secretion, sensitizing the pituitary to further GnRH release and caus-
ing increased secretion of FSH and LH. FSH and LH then stimulate the gonads to produce sex steroid hor-
mones. Estrogen and testosterone cause an increase in somatic growth and development of secondary sexual 
characteristics, and provide an appropriate hormonal milieu for reproduction. Th e onset of adrenal androgen 
steroidogenesis (adrenarche) generally occurs approximately 1 to 2 years before the onset of true puberty, with 
true puberty defi ned by a rise in gonadotropins (FSH, LH) and gonadal sex steroids. Th e adrenal androgens 
dehydroepiandrosterone and dehydroepiandrosterone sulfate are responsible for the development of pubic hair, 
axillary hair, and adult body odor in females.

PUBERTAL DELAY
Pubertal delay is subclassifi ed based broadly on the level of gonadotropins. Elevated gonadotropins or hy-
pergonadotropic hypogonadism is due to gonadal failure, whereas low gonadotropins or hypogonadotropic 
hypogonadism is due to inadequate stimulation of the gonads. Delayed puberty is a far more common com-
plaint in males than in females.
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Clinical and Laboratory Evaluation
History and Physical Examination

Patients with constitutional delay of puberty often have a strong family history of delayed puberty. Usually these 
patients are short with a moderately delayed bone age and a history of growth deceleration in early infancy. 
Patients with Kallmann syndrome complain of hyposmia or anosmia (altered sense of smell) resulting from 
hypoplastic or absent olfactory nerves. Patients with a history of brain tumor and resection or radiotherapy may 
develop gonadotropin defi ciency as an isolated phenomenon or as part of complete hypopituitarism. A history 
of visual fi eld changes, headache, personality changes, or any sign of raised intracranial pressure may herald the 
discovery of a brain tumor or an infi ltrative process. A careful review of systems and physical examination should 
exclude chronic systemic illness. Septo-optic dysplasia can be diagnosed by an abnormal MRI scan of the brain, 
and patients usually have associated midline defects such as cleft or high-arched palate, hypertelorism or visual 
disturbances, and midline facial hypoplasia. Boys with hypogonadism present with prepubertal testes (less than 
3 mL in volume) and immature facies.

Patients with Klinefelter syndrome may have a history of behavioral disorders and evidence of adrenarche, 
although with small testicles and gynecomastia. Male patients with gonadal dysgenesis may have no palpable 
testes, but in females this presents a much greater diagnostic problem. Recent weight loss and psychologic 
disturbances may provide the evidence of an eating disorder such as anorexia nervosa, particularly in female 
adolescents or strenuously trained athletes. In female patients with delayed puberty and short stature, Turner 
syndrome or Turner mosaicism warrants consideration, even in the absence of the typical stigmata: history 
of neonatal lymphedema, frequent otitis media, low hairline, high-arched palate, low posteriorly rotated ears, 
 numerous pigmented nevi, cubitus valgus, and dystrophic hyperconvex nails.

Laboratory Evaluation

Initial workup involves the evaluation of bone age, gonadotropins, electrolytes, liver and renal function tests, 
thyroid function tests, and celiac screen. If the gonadotropins are elevated, a karyotype is warranted to exclude 
Turner syndrome in females and Klinefelter syndrome in males. If there is biochemical evidence of gonadotropin 
defi ciency, a cranial MRI scan is warranted. In girls, pelvic ultrasound can be performed to delineate the anatomy 
of the uterus and ovaries.

Differential Diagnosis (Tables 14-5 and 14-6)

 TABLE 14-5

Differential Diagnosis of Hypogonadotropic and Hypergonadotropic 
Hypogonadism in Boys

Hypogonadotropic Hypogonadism

Constitutional delay of puberty

Gonadotropin defi ciency
 Idiopathic
 X-linked
 Septo-optic dysplasia
 Kallmann syndrome
 Chronic illness
 Brain tumors
 Infi ltrative process

Hypergonadotropic Hypogonadism

Gonadal dysgenesis
 Klinefelter syndrome

Gonadal failure
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 TABLE 14-6

Differential Diagnosis of Hypogonadotropic and Hypergonadotropic 
Hypogonadism in Girls

Hypogonadotropic Hypogonadism

Gonadotropin defi ciency

Anorexia nervosa

Athletes

Chronic illness

Hypergonadotropic Hypogonadism

Gonadal dysgenesis

Turner syndrome

Gonadal failure

Management
Th e treatment of pubertal delay depends on the etiology of the delay and whether this is a temporary phenom-
enon, as in constitutional delay of growth and puberty, or a permanent phenomenon, as in gonadal dysgenesis.

Boys with constitutional delay of puberty should be reassured that this is a normal variation and that 
their fi nal adult height will be normal. Often, however, these boys are self-conscious about their lack of 
secondary sexual characteristics and their relative short stature (their pubertal peers are in the midst of their 
growth spurts). If a constitutionally delayed male patient is older than 13½ to 14 years of age and is concerned 
about the lack of sexual development and short stature, the recommended treatment is a short course of 
low-dose testosterone therapy consisting of four to six injections of testosterone enanthate 50 to 100 mg IM 
at monthly intervals. Th is regimen is usually suffi  cient to promote growth acceleration and begin to induce 
secondary sexual characteristics without compromising fi nal adult height. Another benefi t from this regimen 
is the concept of “jump-starting” or priming the pituitary to begin producing pubertal levels of gonadotropins. 
Th is usually occurs within 6 months to a year after the short course of testosterone and is detected clinically 
by testicular enlargement. If there is a failure of induction of spontaneous puberty within a year of testoster-
one therapy, a second, more prolonged course of testosterone or permanent testosterone therapy should be 
considered. However, before reinstituting testosterone therapy, it is essential to seek an organic cause for the 
continued delay in pubertal development.

One of the more diffi  cult diagnostic dilemmas is discriminating between permanent hypogonadotropic 
hypogonadism and constitutional delay of puberty, which resemble each other clinically, radiographically, and 
biochemically. Often, clinicians resign themselves to adopting a wait-and-see approach.

In boys with hypergonadotropic hypogonadism, testosterone therapy is the treatment of choice. Th e usual 
adult dose is 200 to 300 mg testosterone IM every 2 to 4 weeks. Side eff ects include fl uid retention, mood 
swings, and priapism.

In girls with gonadotropin defi ciency, the clinician should seek a reversible cause and provide treatment. 
However, if the condition is due to permanent gonadotropin defi ciency or hypergonadotropic hypogonadism, 
as in Turner syndrome, treatment with estrogen should start between 12 and 14 years of age, depending on 
the patient’s stature. Oral estrogen is used most commonly, although transdermal and injectable forms are also 
 available. Low-dose estrogen is started and then gradually increased over a period of 2 years. Cyclic administra-
tion of a progestin is added after about 2 years or when breakthrough bleeding occurs. Common side eff ects of 
female sex steroids are breast swelling, nausea, bloating, and fl uid retention.

PRECOCIOUS PUBERTY
As previously described, sexual precocity is defi ned as the onset of pubertal changes in boys prior to 9 years of 
age and in girls prior to 8 years of age. Th is condition can be further subdivided into isosexual or  heterosexual 
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precocious puberty. Th e development of pubertal changes consistent with the genotype of the patient is 
considered isosexual, and the development of pubertal changes discordant with the patient’s genotype (e.g., 
breast enlargement in a male) is considered heterosexual. Central precocious puberty is due to stimulation 
of the gonads by pituitary gonadotropins. Premature production of sex steroids without evidence of pituitary 
gonadotropin stimulation defi nes peripheral precocious puberty or gonadotropin-independent precocious 
puberty. Precocious puberty, in contrast to constitutional delay of puberty, is far more common in females 
than in males.

Clinical and Laboratory Evaluation
History

Important points in the history include the recent onset of rapid growth, behavioral disturbances, body 
odor, and vaginal discharge or bleeding. In addition, a careful review of systems may uncover a history of 
CNS malformation, trauma, tumor, or poorly treated congenital adrenal hyperplasia (CAH). In adolescent 
males, inquiry about the use of androgens, estrogens, or marijuana, which may help explain gynecomastia, 
is warranted. Family history of a similar problem may point to the diagnosis of familial precocious puberty. 
Careful analysis of growth rates may indicate the presence of a growth spurt consistent with true preco-
cious puberty.

Physical Examination

When examining children with precocious puberty, it is important to distinguish between “true precocious 
puberty” and that due to peripheral causes, also known as “precocious pseudopuberty.” Several clinical charac-
teristics help distinguish among the causes of early puberty in females (Table 14-7).

Visual field and careful neurologic examinations are necessary to rule out the presence of an intrac-
ranial process. Palpation of the testicles may reveal enlargement, indicating trophic effects from pituitary 
gonadotropins, or asymmetry, indicating the presence of a tumor. If both testes are prepubertal in size 
in a boy with precocious onset of secondary sexual characteristics, the diagnostic evaluation should be 
directed toward an adrenal etiology. A thorough examination of the skin is warranted, looking for the 
presence of café au lait spots, as would be seen in cases of McCune-Albright syndrome or neurofi-
bromatosis, as well as in cases of acne or hirsutism. Careful Tanner staging (see Figures 3-1 to 3-3) is 
necessary as part of the initial physical examination and as a useful adjunct in following patients with 
precocious puberty.

Laboratory Evaluation

Measurement of random serum LH using an ultrasensitive third-generation assay may confirm the di-
agnosis of central, gonadotropins-dependent precocious puberty. In general, an LH of greater than 0.2 
suggests central precocious puberty. If the result is equivocal, a stimulation test using the GnRH analog 

 TABLE 14-7

Clinical Characteristics of Precocious Puberty in Females

Premature 

Th elarche

Exogenous Estrogen/ 

Precocious Pseudopuberty

True Precocious 

Puberty

Breast development Advanced Marked Marked

Growth velocity Normal Normal/advanced Accelerated

Bone age Normal Normal/advanced Advanced

Serum estradiol Prepubertal Normal/increased Pubertal

LH Prepubertal Suppressed Pubertal or adult

LH, luteinizing hormone.
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leuprolide is employed. A significant rise in the LH in response to leuprolide is diagnostic of central 
precocious puberty while the absence of a rise in LH and FSH suggests precocious pseudopuberty. In 
true (or central) precocious puberty, a pelvic ultrasound may show enlargement of the uterus and adnexa. 
If the diagnosis of central precocious  puberty is established, a cranial MRI scan is necessary to rule out 
any anomaly or tumor that could be responsible.  However, if there is no biochemical evidence of central 
precocious puberty, then a more careful search for peripheral causes of precocious puberty is warranted. 
The presence of ovarian cysts on pelvic ultrasound combined with an elevated serum estradiol may indi-
cate estradiol-producing ovarian cysts. Production of estradiol from these cysts may fluctuate, leading to 
waxing and waning of symptoms.

Serum testosterone and adrenal androgens, if elevated, may suggest precocious adrenarche or a tumor in 
the adrenal gland or testes as the cause of precocious puberty. An ACTH stimulation test can rule out late-onset 
CAH. Hypothyroidism or hyperthyroidism may cause either delayed or accelerated puberty; thus, a serum TSH 
and thyroxine (T

4
) are necessary.

Differential Diagnosis (Table 14-8)

 TABLE 14-8

Differential Diagnosis of Isosexual Versus Heterosexual Pubertal Changes 
in Patients with Precocious Puberty

Male

Isosexual

 Central

  Familial

   Central nervous system disease

    Hamartoma

    Postirradiation

    After chronic exposure to androgens

    Poorly controlled or late-onset congenital adrenal hyperplasia

Peripheral

 Testicular tumor

 Familial male precocious puberty (testotoxicosis)

�HCG secreting tumor

 McCune-Albright syndrome

 Adrenal rest tumor

 Congenital adrenal hyperplasia

Heterosexual

 Estrogenization

  Adrenal adenoma or carcinoma

  Teratoma

 Marijuana use

(Continued)
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 TABLE 14-8

Differential Diagnosis of Isosexual Versus Heterosexual Pubertal Changes 
in Patients with Precocious Puberty (Continued)
Female

Isosexual

 Central

  Familial

  Central nervous system disease

   Hamartoma

   Postirradiation

   After chronic exposure to androgens

   Poorly controlled or late-onset congenital adrenal hyperplasia

Peripheral

 Functional ovarian cyst

 McCune-Albright syndrome

 Granulosa cell tumor

 Feminizing adrenal tumor

 Heterosexual

 Androgenization

  Congenital adrenal hyperplasia

   21-OH defi ciency

   11-OH defi ciency

  Androgen-producing tumors

   Adrenal adenoma or carcinoma

   Teratoma

  Polycystic ovary disease

  Exposure to exogenous androgens

Management
Irrespective of the cause, true precocious puberty causes advanced somatic growth and skeletal maturation. Th us, 
patients tend to be tall initially but stop growing earlier than their peers, paradoxically ending up as shorter adults. 
A compromised fi nal adult height, combined with the psychological impact of early puberty and menarche years 
before a patient’s peer group, justify treatment.

By far the most common cause of central precocious puberty, especially in girls, is idiopathic. Th e mainstay 
of treatment of true precocious puberty is monthly administration of a depot GnRH agonist, which eff ectively 
binds all the receptors at the level of the pituitary in such a way as to inhibit gonadotropin secretion. A popular al-
ternative is a histrelin acetate subcutaneous implant (Supprelin LA) that provides eff ective suppression of puberty 
for 1 year. Th e implant can be replaced every 12 months until the suppression of puberty is no longer desired.

In cases in which the cause of precocious puberty is peripheral, determining the underlying cause and its 
treatment is necessary. It is noteworthy that in cases of androgen excess, such as poorly treated 21-hydroxylase 
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defi ciency, central precocious puberty may eventually develop after years of peripheral precocious puberty as a 
result of chronically elevated serum androgens. Th erefore, good control with glucocorticoids is necessary to sup-
press the formation of excess adrenal androgens.

Patients with benign conditions such as idiopathic premature thelarche and adrenarche usually require 
only reassurance and close follow-up.

McCune-Albright syndrome, a G protein abnormality of intracellular signaling, and testotoxicosis (famil-
ial male precocious puberty), a condition in which there is an activating mutation in the LH receptor and hence 
testosterone production independent of stimulation from the gonadotropins, are prototypes for gonadotropin-
independent precocious puberty. Patients with gonadotropin-independent isosexual precocious puberty are best 
treated with pharmacologic agents that inhibit sex steroid formation or those that bind to receptors, thus block-
ing hormonal action.

An important adjunct to therapy is psychological counseling for the patient and family.

ADRENAL DISORDERS

CONGENITAL ADRENAL HYPERPLASIA
CAH comprises a group of autosomal recessive disorders that are characterized by a defi ciency of an enzyme nec-
essary for cortisol biosynthesis. Elevated ACTH leads to hyperfunction and hyperplasia of the adrenal glands.

Pathophysiology
Th e adrenal gland is comprised of the cortex, which produces adrenal steroids, and the medulla, which secretes 
catecholamines. Th e cortex is divided into three layers. Th e zona glomerulosa, the outermost layer, secretes min-
eralocorticoids, the zona fasciculata secretes glucocorticoids, and the zona reticularis secretes androgens.

Th e production of glucocorticoids is under the control of the pituitary and hypothalamus, with nega-
tive feedback control. Th e hypothalamus secretes corticotropin-releasing factor, which stimulates release of 
ACTH from the anterior pituitary gland. Th is, in turn, stimulates the adrenal cortex to produce and secrete 
cortisol. Cortisol exerts a negative feedback on the hypothalamus, causing a decrease in corticotropin-releasing 
factor release.

In contrast to the glucocorticoids, the secretion of the mineralocorticoids is not governed by ACTH. 
Instead, the renin–angiotensin system, along with serum sodium and potassium, governs the release of the 
mineralocorticoids (Figure 14-2).

Th ree pathways in the adrenal gland interact to form cortisol, aldosterone, and testosterone as their fi nal 
products (Figure 14-3). Th e initial substrate is cholesterol. At each step, an enzyme is necessary for the pro-
duction of the next product. When enzyme activity is reduced or absent, there is accumulation of precursors 
proximal to the block, leading to varying hormonal eff ects that are manifest as both metabolic disturbances and 
genital abnormalities. Each enzyme defi ciency has classical clinical features (Table 14-9).

Th e most common enzyme defi ciency is 21-hydroxylase defi ciency, which accounts for approximately 95% 
of cases of CAH. Of those individuals aff ected, 50% to 75% have salt-wasting of varying degrees as a result of 

Renin Angiotensin

FIGURE 14-2. Regulation of mineralocorticoid secretion.
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 insuffi  cient production of aldosterone. Because the enzyme defi ciency leads to altered production of cortisol, nega-
tive feedback to the hypothalamus is removed, and ACTH production increases. Th is results in accumulation of pre-
cursors proximal to the block that are shunted to the androgen pathway, resulting in virilization of female infants.

In male infants, the disorder is usually not diagnosed until a few weeks after birth, when patients present 
with evidence of salt-wasting, including vomiting and dehydration. In female infants, the disorder may be di-
agnosed shortly after birth because of the presence of ambiguous genitalia. However, in female newborns with 
complete virilization, the diagnosis may be missed at birth if infants are mistakenly believed to be cryptorchid 
males. In the non–salt-losing variety of 21-hydroxylase defi ciency, diagnosis may be delayed for several years, 
depending on the severity of the defect.
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FIGURE 14-3. Pathways of adrenal hormones. DHEA, dehydroepiandrosterone; DOC, deoxycorticosterone; 3�HSD, 
3�-hydroxysteroid dehydrogenase; 21 OH, 21 hydroxylase; 11 OH, 11 hydroxylase; 18 OH, 18 hydroxylase 17�HSD, 
17�-hydroxysteroid dehydrogenase. From New MI, del Balzo P, Crawdford C, et al: Th e adrenal cortext. In Clinical 
Pediatric Endocrinology, 2nd ed. Edited by Kaplan SA. Philadelphia, WB Saunders, 1990, p 188.
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Clinical and Laboratory Evaluation
History

In male infants, diagnosis of the salt-losing variety of 21-hydroxylase defi ciency typically occurs within the fi rst 
few weeks of life. Often, infants may have a history of vomiting, diarrhea, failure to gain weight, and lethargy. Th e 
diagnosis of pyloric stenosis frequently has been entertained in these patients before the diagnosis of CAH is made. 
In female infants, virilization of the genitalia typically leads to the diagnosis of CAH in the neonatal period.

Th e presentation of other adrenal enzyme defi ciencies varies with the specifi c enzyme defect (see 
Table 14-9). In contrast, in the non–salt-wasting variety of 21-hydroxylase defi ciency, the diagnosis may not 
be made for several years. Typically, male patients present with tall stature and premature adrenarche (penile 
enlargement and pubic hair), but enlargement of the testicles is noticeably absent, suggesting adrenal origin of 
the increased levels of androgens. Female patients may present with tall stature, clitoral enlargement, premature 
adrenarche (pubic or axillary hair), acne, hirsutism, and menstrual abnormalities.

Physical Examination

Th e genital examination may be normal in male patients with 21-hydroxylase defi ciency, although hyperpig-
mentation of the scrotum and nipples may be present. Th e genitalia of female patients may be only mildly viril-
ized with enlargement of the clitoris or may be completely virilized with scrotal rugae and penile urethra. Of 
notable importance in these masculinized females is the absence of testicles.

If the diagnosis is delayed, patients may present with salt-losing crisis. When salt-losing crisis occurs, hy-
potension, tachycardia, dehydration, and shock are usually present.

 TABLE 14-9

Clinical Features of Syndromes of Adrenal Enzyme Defi ciency
Enzyme 

 Defi ciency

Current 

 Nomenclature

Ambiguous 

Genitaliaa

Postnatal 

Virilization

Salt-

Wasting

Other 

Symptoms

21-Hydroxylase 
(classic form—
early onset)

P450 c21 F: virilized
M: normal

F: virilized
M: premature 
adrenarche

Yes May present 
with salt-losing 
crisis

21-Hydroxylase 
(nonclassic—late 
onset)

P450 c21 F: normal
M: normal

F: virilized
M: premature 
adrenarche

No

11 �-Hydroxylase P450 c11 F: virilized
M: normal

F: virilized
M: premature 
adrenarche

No Hypertension

3�-OH steroid 
dehydrogenase 
(classic)

3�-HSD F: virilized
M: incomplete, 
masculinization

F: virilized
M: incomplete

Yes

3�-OH steroid 
dehydrogenase 
(nonclassic)

3�-HSD None F: virilized
M: incomplete

No

17�-Hydroxylase P450 c17 F: normal
M: incomplete 
masculinization

F: none
M: incomplete

No Hypertension
Primary 
 amenorrhea
Delayed puberty

20,22-Desmolase P450 scc F: normal
M: incomplete 
masculinization

F: none
M: incomplete

Yes Lethal if 
 defi ciency 
 complete

F, female; M, male; 3�-HSD, 3�-hydroxysteroid dehydrogenase.

Adapted from New MI, del Balzo P, Crawdford C, et al: Th e adrenal cortex. In Clinical Pediatric Endocrinology, 2nd ed. 

Edited by Kaplan SA. Philadelphia, WB Saunders, 1990.

770309_Ch_14.indd   346770309_Ch_14.indd   346 5/6/11   1:01:47 PM5/6/11   1:01:47 PM



CHAPTER 14 ■ ENDOCRINOLOGY AND DISORDERS OF GROWTH   347

Pediatric Pearl: In evaluation of children with ambiguous genitalia, it is important to 
remember that the presence of palpable gonads in the labial folds almost always indicates 
a chromosomal male child.

Pe
re
a c

Laboratory Evaluation

In infants with ambiguous genitalia caused by 21-hydroxylase defi ciency, chromosomal analysis is necessary. A pel-
vic ultrasound, urethrogram, and a vaginogram may be necessary to determine the presence of female internal geni-
talia and the location of the urethra. Serum 17-hydroxyprogesterone and renin levels are elevated (10� to 1000�
is  normal). Hyponatremia (less than 130 mEq/L), hyperkalemia (greater than 5.5 mEq/L), and metabolic acidosis 
are also present. Signs of metabolic acidosis, which typically are noted by 2 to 6 weeks of age, may be severe.

In other forms of CAH, laboratory data vary with the specifi c enzyme defi ciency. Levels of the precursor steroid 
immediately proximal to the enzyme defi ciency are typically elevated, whereas levels of products after the block are very 
low. Standards for adrenal hormone ratios are available and are invaluable in confi rming the diagnosis. At times, labora-
tory data may be ambiguous, and an ACTH (Cortrosyn) stimulation test may be of use in delineating the defect.

Differential Diagnosis

On initial presentation, the diagnosis of an adrenal disorder may be confused with septic shock, pyloric stenosis, 
or severe dehydration. However, after serum electrolytes are obtained and reveal the presence of hyponatremia 
and hyperkalemia, the diagnosis typically is straightforward. Th e process of diff erentiating among the various 
types of CAH, congenital adrenal hypoplasia, and Addison disease then involves analyzing the results of the 
adrenal steroid profi les and ACTH levels.

Pediatric Pearl: Male infants who present with failure to thrive, hypotension, vomiting, 
and dehydration between birth and 8 weeks of age warrant evaluation for CAH.
Pe
an

Management
Initial management involves restoring intravascular volume with normal saline. After blood has been drawn for 
diagnostic studies, replacement medications should begin. With suspected CAH, clinicians should not delay 
treatment while they await the results of adrenal hormone studies. Mineralocorticoid replacement therapy con-
sists of fl udrocortisone (Florinef ) 0.1 to 0.3 mg/day PO. In an emergency, hydrocortisone should be given at a 
dose of 50 to 100 mg/m2 IV or IM, with subsequent doses of 50 to 100 mg/m2/day divided into four doses given 
until the patient recovers. After serum electrolytes stabilize, the steroid doses may be reduced.

Other steps are appropriate in the medical management of adrenal hyperplasia after initial stabilization 
(Table 14-10). Th e family should receive an emergency kit containing injectable hydrocortisone to administer to 
the patient in the case of severe stress, trauma, or inability to take oral hydrocortisone.

 TABLE 14-10

Medical Management of Congenital Adrenal Hyperplasia
1. Hydrocortisone 10–15 mg/m2/day in three doses

2. Fludrocortisone 0.1–0.4 mg/day in one to two doses

3. Monitoring of serum 17-hydroxyprogesterone and plasma renin activity every 3–4 months

4. Close monitoring of growth rate and pubertal status

5. With illness (e.g., fever, otitis media) triple glucocorticoids

6. With surgery, trauma, or severe stress, increase glucocorticoids to 100 mg/m2/day

7. Medic-Alert bracelet

770309_Ch_14.indd   347770309_Ch_14.indd   347 5/6/11   1:01:48 PM5/6/11   1:01:48 PM



348   SECTION II ■ PEDIATRIC SUBSPECIALTIES

Th e presence of hypertension implies overtreatment with fl udrocortisone. Close monitoring of growth 
velocity is appropriate. In the absence of adequate treatment, growth velocity increases, and rapid skeletal matu-
ration occurs. If chronic undertreatment occurs, fi nal adult height may be impaired as a result of premature 
fusion of the epiphyses. Conversely, if overtreatment occurs, growth velocity declines and skeletal age does not 
progress at a normal rate.

Replacement therapy of mineralocorticoids and glucocorticoids should be continued throughout adult life. 
Th is is particularly important in females, in whom fertility may be impaired if CAH is not properly controlled. 
In addition, control during pregnancy is crucial in preventing virilization of a female fetus.

Surgery often plays a role in the treatment of females with CAH. Th ose patients with severely virilized ex-
ternal genitalia may need clitoral reduction, relocation of the urethra, and vaginoplasty. Timing of surgery should 
be individualized. Males generally require no surgical intervention unless inadequate virilization has occurred.

Th rough the use of amniocentesis or chorionic villus sampling, prenatal diagnosis of 21-hydroxylase defi ciency is 
now possible when an index case has been diagnosed in a family. Prenatal treatment with  dexamethasone (to suppress 
fetal ACTH secretion) appears to be successful in preventing the virilization in aff ected female fetuses. However, in 
order to be eff ective, dexamethasone treatment of the mother must be started as soon as she becomes pregnant. At 8 to 
12 weeks, if chorionic villus sampling indicates that the fetus is male or genetic analysis indicates that the female fetus 
is unaff ected, dexamethasone treatment is discontinued. It should be noted that the risk of having an aff ected female 
infant is 1 in 8 (1 in 4 chance of being aff ected by this autosomal recessive condition, and 1 in 2 chance of having a 
female). It follows, therefore, that 7 out of 8 fetuses will be treated with dexamethasone for 8 to 12 weeks unnecessar-
ily. Prenatal treatment is currently not “standard of care” and long-term follow-up studies are ongoing to determine 
whether dexamethasone therapy in early pregnancy may have any long-term adverse eff ects in the off spring.

ADRENAL INSUFFICIENCY

Pathophysiology
Adrenal insuffi  ciency is characterized by decreased production of glucocorticoids and mineralocorticoids. Th is 
disorder, which is rare in children, has several causes (Table 14-11). Th e most common cause is autoimmune 
adrenalitis or idiopathic adrenal insuffi  ciency, representing approximately 80% of cases of adrenal insuffi  ciency. 
In the past, tuberculosis was a common cause of adrenal insuffi  ciency, but this is rare today.

Clinical and Laboratory Evaluation
History

Children with chronic adrenal insuffi  ciency present with symptoms of weakness, fatigue, anorexia, abdominal 
pain, weight loss, nausea, vomiting, diarrhea, dehydration, and increased skin pigmentation (resulting from 

 TABLE 14-11

Causes of Adrenal Insuffi ciency
Autoimmune (“Addison’s disease”)

Iatrogenic (chronic corticosteroid therapy)

Tuberculosis

Polyglandular autoimmune syndromes types I and II

ACTH unresponsiveness

ACTH defi ciency

Adrenoleukodystrophy

Congenital adrenal hypoplasia

Infi ltrative (fungal infection, malignancy, hemorrhage, hemochromatosis)

ACTH, adrenocorticotropic hormone.
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elevated ACTH levels). In cases of polyglandular autoimmune syndrome, other symptoms such as mucocutane-
ous candidiasis may also occur. In cases of congenital adrenal hypoplasia, infants present with vomiting, diarrhea, 
dehydration, and shock.

Physical Examination

Physical examination reveals abnormal pigmentation of the skin, particularly in the palmar, axillary, and groin 
creases, as well as in the buccal mucosa, nipples, and areas that have formed scars as a result of trauma since the 
onset of ACTH excess. Blood pressure may vary, depending on the stage of the disease. In addition, signs of 
dehydration are typically present. Height and weight are usually below average.

Pediatric Pearl: A tan all over without a tan line may indicate high ACTH levels associated 
with primary adrenal insuffi ciency.
Pe
wi

Laboratory Evaluation

Initial laboratory tests reveal the following:

• Hyponatremia
• Hyperkalemia
• Hypoglycemia
• Elevated blood urea nitrogen (BUN)/creatinine
• CBC: eosinophilia, lymphocytosis
• Elevated serum ACTH (except in secondary adrenal insuffi  ciency)
• Low cortisol level (less than 5 mg/dL)
• Blunted cortisol response to synthetic ACTH (Cortrosyn) stimulation test (cortisol less than 18 mg/dL)

Adrenal antibodies may be present along with other signs of autoimmunity (thyroid, parathyroid, islet cell 
antibodies). Elevated levels of serum very long-chain fatty acid are found in adrenoleukodystrophy. A computed 
tomography (CT) scan may show enlargement of the adrenals in the case of tuberculosis or hemorrhage. Adre-
nal calcifi cations may be seen when adrenal hemorrhage has occurred in the past.

Differential Diagnosis
In most cases of adrenal insuffi  ciency, the diagnosis is obvious, particularly when children present with 
shock, hyperpigmentation, hyponatremia, and hyperkalemia. However, in some cases, the diff erential diag-
nosis includes gastrointestinal (GI) disorders, sepsis, and drug or toxin ingestion. Th e polyglandular autoim-
mune syndromes occur in both familial and sporadic forms. Type I disease usually occurs early in life and 
consists of mucocutaneous candidiasis, hypoparathyroidism, and primary adrenal insuffi  ciency (presenting 
in that order). Type 2 disease, also known as Schmidt syndrome, usually presents in adulthood and consists 
of Addison’s disease with insulin-dependent DM and/or thyroid defi ciency.

ACTH unresponsiveness is a familial form of adrenal insuffi  ciency characterized by a defect of the ACTH 
receptor on the adrenal gland. Glucocorticoid production is low or absent, whereas mineralocorticoid secretion 
is preserved.

ACTH defi ciency may be an isolated hormonal defi ciency or may be seen with evidence of panhy-
popituitarism.

Adrenoleukodystrophy is an X-linked recessive disorder that manifests as adrenal insuffi  ciency and pro-
gressive CNS demyelination, resulting in blindness, deafness, dementia, quadriparesis, and death. Initial symp-
toms usually occur in the second half of the fi rst decade of life.

Congenital adrenal hypoplasia causes severe salt-wasting in the neonatal period. It may be diff erentiated 
from CAH by the absence of increased virilization and a low serum 17-hydroxyprogesterone. Th is form of adre-
nal insuffi  ciency occurs in an X-linked form or as an autosomal recessive disorder. In addition, associated CNS 
defects may also occur.

Infi ltrative causes of adrenal insuffi  ciency include hemorrhage, which may be associated with birth trauma 
and meningococcemia (Waterhouse-Friderichsen syndrome).
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Management
Treatment of adrenal insuffi  ciency includes replacement of glucocorticoids and mineralocorticoids (Table 14-12). 
Adequacy of glucocorticoid treatment is monitored by normal growth, reduced hyperpigmentation, normalization 
of vital signs and normal glucose. Th e adequacy of mineralocorticoid replacement is monitored by normalization 
of electrolytes and plasma renin levels.

Patients should wear a Medic-Alert bracelet at all times, stating their dependence on glucocorticoids. In 
addition, the family should receive an emergency kit containing injectable hydrocortisone.

AMBIGUOUS GENITALIA
Rapid evaluation of neonates with ambiguous genitalia is necessary to determine the appropriate sex for rearing.

Pathophysiology
Sex diff erentiation in the male is a hormone-dependent process (Figure 14-4). In the normal male, the presence 
of SRY (sex-determining region Y gene) on the Y chromosome causes the primitive gonad to diff erentiate into 

 TABLE 14-12

Medical Management of Adrenal Insuffi ciency
1. Hydrocortisone 7–9 mg/m2/day

2. Fludrocortisone .05–0.3 mg/day

3. Close monitoring of growth rate and pubertal status

4. With illness (e.g., fever, otitis media) triple glucocorticoids

5. With surgery, trauma, severe stress increase glucocorticoids to 100 mg/m2/day

6. Medic-Alert bracelet

Primitive gonad

SRY TESTIS

OVARY

No AMH No testosterone
nor DHT

Müllerian
ducts

Wolffian duct
regression

Fallopian tubes
Uterus
Upper vagina

Normal female
external genitalia

Sertoli
cells

Leydig
cells

No AMH Testosterone

Müllerian duct
regression

Wolffian ducts DHT

Epididymus
Vas derens
Seminal vesicles

Normal male
external genitalia

FIGURE 14-4. Normal sexual diff erentiation. SRY, sex-determining region Y gene; AMH,
anti-Müllerian hormone; DHT, dihydrotestosterone.
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the testicle. Th e testicle has two major cell types, the Leydig cell and the Sertoli cell. Th e Leydig cells produce 
testosterone under the infl uence of placental chorionic gonadotropins. Local testosterone causes diff erentia-
tion of the Wolffi  an structures (epididymis, vas deferens, and seminal vesicles). Conversion of testosterone to 
dihydrotestosterone by the enzyme 5�-reductase is necessary for the development of the normal male external 
genitalia. Th e Sertoli cells produce anti-Müllerian hormone (AMH) causes regression of the Müllerian ducts. 
Defects at any of these steps can lead to ambiguous genitalia

In the normal female, the absence of SRY results in the primitive gonad diff erentiating into the ovary. 
Th e absence of AMH allows the Müllerian ducts to diff erentiate into the uterus, fallopian tubes, and up-
per vagina. Th e absence of local testosterone causes Wolffi  an duct regression, and in the absence of DHT, 
the external genitalia develop into the normal female anatomy. In utero exposure to androgen (CAH, 
exogenous, luteoma of pregnancy) may cause virilization of the external genitalia and lead to ambiguous 
genitalia.

Clinical and Laboratory Evaluation
History

Ambiguous genitalia is a birth defect in which the external genitalia of the newborn infant does not have the 
typical appearance of either a normal male or normal female. A detailed history should include:

• A history of maternal drug ingestion (e.g., progestins, Danazol)
• Unexplained death in infancy suggesting unrecognized CAH
• Virilization of the mother during pregnancy (luteoma of pregnancy, placental aromatase defi ciency)

Ambiguous genitalia

Virilization
due to

maternal
androgens

Normal

Defect in
testosterone
synthesis,
Leydig cell 
hypoplasia

History of maternal androgen
  use or production?

XYXX

Yes No

Chromosomes 

hCG stimulation

Congenital adrenal
hyperplasia

(21-OHD, 11-OHD,
3�-HSD)

Low
testosterone

Normal/high
testosterone

High

T/DHT ratio

5� - Reductase deficiency Androgen insensitivity

Palpable gonads

FIGURE 14-5. Laboratory evaluation of ambiguous genitalia. hCG, human chorionic gonadotropin; 3�-HSD, 
3�- hydroxysteroid dehydrogenase defect; 21-OHD, 21-hydroxylase defi ciency; T/DHT, ratio of testosterone 
to  dihydrotestosterone.
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Physical Examination

Virilization of a genetic female generally results in clitoral enlargement and varying degrees of labial fusion with 
or without a urogenital sinus. It is important to appreciate that in extreme cases there may be complete viriliza-
tion of the external genitalia with no apparent genital ambiguity. Th erefore, one cannot make a sex assignment 
unless at one can identify at least one testicle.

Th e common clinical features in an undermasculinized male include a micropenis (stretched penile length 
less than 2.5 cm) with either hypospadias or varying degrees of labioscrotal fusion.

Laboratory Evaluation

To determine the etiology of ambiguous genitalia, the fi rst step is to determine whether the infant is a virilized 
female or an undermasculinzed male. Th is is most expeditiously done by ultrasound or MRI. Th is will direct the 
workup to identify either the cause of virilization of the female infant or undermasculinization of the male.

Useful studies include:

• Ultrasound analysis or MRI to look for Müllerian structures (uterus) and gonads
• Chromosomal analysis (Figure 14-5)
• Adrenal steroid levels
• Electrolyte analysis
• Dye contrast studies to determine the location and structure of the urogenital sinus and other internal 

structures

Differential Diagnosis
Th e diff erential diagnosis of ambiguous genitalia may be broken down into three separate categories 
(Table 14-13). In ovotesticular disorders of sexual development (DSD), both male and female gonadal tissue 
is present but may or may not be functional; the karyotype is XX in 80% of patients and XY in 10%. In 46,XX 
DSD, female gonads are present and the karyotype is XX. In 46,XY DSD, testicular tissue is present and the 
karyotype is XY.

 TABLE 14-13

Disorders of Sexual Development (DSD)
46, XX DSD (previously termed female pseudohermaphroditism)

Maternal ingestion or production of androgens

Congenital adrenal hyperplasia

46, XY DSD (previously termed male pseudohermaphroditism)

Defects of testosterone synthesis

 Congenital adrenal hyperplasia (17OHD, 3�-HSD, cholesterol desmolase defi ciency)

 17�-Hydroxysteroid defi ciency

Leydig cell hypoplasia

5-�-reductase defi ciency

Androgen insensitivity syndrome, incomplete or complete

Ovotesticular DSD (previously termed true hermaphrodite)

46, XX testicular DSD (previously XX male)

46, XY sex reversal (previously 46,XY complete gonadal dysgenesis)

3�-HSD, 3�-hydroxysteroid dehydrogenase; 17-OHD, 17-hydroxylase defi ciency.
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Management
Psychosocial support, along with medical management, is crucial in helping families deal with ambiguous geni-
talia and related issues. In 46,XX DSD with CAH, management consists of replacement of glucocorticoids 
and mineralocorticoids if indicated by adrenal testing. In addition, surgical reconstruction of the clitoris and 
vagina is usually recommended. In those patients with maternal androgen exposure and severe virilization, no 
treatment other than surgical reconstruction may be required. However, several clinicians in the fi eld of intersex 
disorders are currently reexamining and challenging these recommendations. Experts have suggested that the 
aff ected children themselves be allowed to participate in the decision-making process.

In males with a testosterone biosynthetic defect, a short course of testosterone injections in the neonatal 
period is indicated to enlarge the size of the penis. Glucocorticoid and mineralocorticoid replacement are also 
indicated in the presence of CAH.

In cases of complete androgen insensitivity (phenotype: normal female), patients should be raised as 
 females, and the gonads should be removed. In partial androgen insensitivity (with sexual ambiguity), testoster-
one injections can be used to assess the response in the neonatal period. In general, these individuals should be 
reared as males as there is a high likelihood of declaring male sexual identity when reared as female.

Male children with 5�-reductase defi ciency may present with completely feminized genitalia (in which 
case they may be raised as females with removal of the gonads) or partially masculinized genitalia. During 
puberty and adulthood, the production and the secretion of testosterone increase signifi cantly and allow for 
masculinization of the genitalia despite a persistence of 5�-reductase defi ciency.

CUSHING SYNDROME
Cushing syndrome refers to a state of increased cortisol secretion. In children, iatrogenic administration of cor-
tisol is the most common cause of this condition. Cushing syndrome occurs more commonly in females than in 
males, regardless of age.

Pathophysiology
Hypercortisolism is rare in children; when it occurs before 7 years of age, it typically implies the presence of an 
adrenal tumor. In contrast, after 7 years of age, most cases are due to increased ACTH secretion. In some cases, 
an ACTH-secreting pituitary tumor may be found; rarely, a nonendocrine tumor may secrete ACTH or an 
ACTH-like substance that causes adrenal hyperplasia.

Clinical and Laboratory Evaluation
History

Patients with excessive cortisol secretion typically present with one or more of the following characteristics: 
obesity, short stature, delayed puberty, hyperpigmentation, hirsutism, easy bruisability, and muscular weakness. 
Rarely, children may present with polyuria, polydipsia (resulting from glucocorticoid excess causing hypergly-
cemia), or personality changes.

Physical Examination

Obesity with a centripetal fat distribution is present, with accumulation in the face, neck, trunk, and abdomen, 
together with a wasted appearance of the extremities. Th e typical facial appearance is “moon facies,” with chubby 
cheeks and double chin. In addition, a “buff alo hump” resulting from an increased fat pad in the supraclavicular 
and dorsocervical region may be evident. Short stature and delayed puberty may also occur; short stature may 
be the only presenting symptom in some children. Hyperpigmentation may occur with ACTH excess. Exces-
sive hair growth is also commonly seen in children with Cushing syndrome. If the adrenal tumor is producing 
androgens as well as glucocorticoids, virilization may be apparent.

Laboratory Evaluation

Laboratory studies may indicate:

• Fasting hyperglycemia
• Normal sodium and normal or low potassium
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• Hypercalciuria with normal serum calcium and phosphorous
• Hyperinsulinemia
• Elevation of plasma lipoproteins
• CBC: leukocytosis and lymphopenia
• ACTH level: high with primary pituitary pathology, low with primary adrenal pathology

A 24-hour urine collection for free cortisol and creatinine reveals elevated cortisol level (normal: 7 to 25 μg/g 
creatinine for prepubertal children). An overnight dexamethasone suppression test (20 μg/kg up to a maximum of 
1 mg) at 11:00 pm with serum cortisol obtained at 8:00 am (normal suppressed cortisol less than 5 μg/dL).

If these tests reveal increased secretion of cortisol, a prolonged dexamethasone suppression test is warranted. A CT 
or MRI scan to assess the presence of a pituitary or adrenal tumor is necessary, based on the results of the previous tests 
and with the patient’s age taken into account (less than 7 years means the tumor is more likely to be of adrenal origin).

Differential Diagnosis
Th e diff erential diagnosis for the constellation of symptoms seen with cortisol excess includes exogenous glu-
cocorticoid ingestion and exogenous obesity. Obtaining a complete history usually rules out exogenous steroids; 
however, ACTH stimulation may be necessary to confi rm suppression of the adrenal glands in the presence of 
physical signs of glucocorticoid excess.

Patients with exogenous obesity typically have normal cortisol values and a history of increased nutritional in-
take or decreased activity level. In addition, patients with exogenous obesity typically have normal or tall stature.

Pediatric Pearl: Overweight children with short stature warrant careful evaluation for the 
presence of endocrine dysfunction (e.g., hypothyroidism, Cushing syndrome, GH defi ciency). 
Overweight children with tall stature do not have Cushing syndrome.

Pe
pr
Ov

Management
In the case of excessive pituitary ACTH release, management includes transsphenoidal microsurgery, with a re-
mission rate of 85% to 95%. Irradiation of the pituitary gland has also been successful in 80% of patients. How-
ever, the risk of hypopituitarism is high after irradiation. During and after surgery, glucocorticoid replacement 
is essential. Postoperatively, hypoadrenalism may continue for several years, requiring replacement. Treatment 
of adrenal gland tumors consists of surgical removal with replacement of glucocorticoids until the remaining 
adrenal gland is functioning normally.

DISORDERS OF WATER BALANCE
Water balance is governed by the action of ADH, which is regulated by changes in serum osmolality and intra-
vascular volume (Figure 14-6). Alterations in serum osmolality are detected by osmoreceptors that reside in the 
supraoptic and paraventricular nuclei of the hypothalamus. Th e osmoreceptors respond to changes in osmolality 
as small as 2% and cause alterations in the secretion of ADH and angiotensin II. In addition, baroreceptors 
located in the atria and carotid bodies respond to changes in intravascular volume with subsequent alterations 
in ADH secretion and thirst. Negative feedback mechanisms include the oropharyngeal refl ex, which inhibits 
further thirst as well as ADH release. Atrial natriuretic factor also plays a role in negative feedback. ADH exerts 
its eff ect in the kidney at the level of the collecting duct. In the presence of ADH, the collecting duct becomes 
more permeable and allows an increase in intravascular volume, with subsequent decline in urine volume.

Th e disorders of water metabolism can be broken down into hyponatremic and hypernatremic states 
(Table 14-14).

DIABETES INSIPIDUS

Pathophysiology
Diabetes insipidus, the traditional name for the condition in which individuals pass large volumes of taste-
less (nonsweet) urine, is the inability to concentrate the urine. Th e etiology may be lack of ADH secretion 
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(central diabetes insipidus) or decreased responsiveness of the collecting duct to ADH (nephrogenic dia-
betes insipidus).

Clinical and Laboratory Evaluation
History

Symptoms of diabetes insipidus in children include polyuria, nocturia, and enuresis in a previously toilet-trained 
child; clear urine (including fi rst morning urine); poor weight gain; thirst with preference for iced water; and 

CNS osmoreceptor
(neurohypophysis)

Increased extracellular
fluid osmolality

Baroreceptors
(atria/carotid bodies)

Circulating volume

ADH release

Increased circulating volume

Decreased extracellular fluid osmolality

Atrial natriuretic
factor

Atrial natriuretic
factor

Negative
feedback

Negative
feedback

Angiotensin II

Thirst

Water conservation
Water aquisition

FIGURE 14-6. Regulation of antidiuretic hormone (ADH) secretion. CNS, central nervous system.

 TABLE 14-14

Disorders of Water Metabolism
Causes of Hypernatremia Causes of Hyponatremia

Hypervolemic (excess of body Na) Hypervolemic (edema)

 Iatrogenic (error in infant formula preparation)  Congestive heart failure

 Salt poisoning  Nephrotic syndrome

 Hypovolemic (total body water defi ciency)  Cirrhosis

 Insuffi  cient intake  Hypovolemic (total body Na decreased)

 Excessive loss  Hemorrhage

Renal (diabetes insipidus)  Diarrhea

Gastrointestinal (diarrhea/vomiting)  Diuretics

Burns Adrenal insuffi  ciency

Euvolemic (syndrome of inappropriate secretion 
of antidiuretic hormone)

Adapted from Wilson JD, Foster D: Williams Textbook of Endocrinology, 8th ed. Philadelphia, WB Saunders, 1992.
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 irritability when fl uids are withheld. If the diabetes insipidus is due to the presence of a hypothalamic or pituitary 
tumor, strabismus, double vision, poor growth, precocious puberty, headache, and vomiting may be present. Th e 
severity of symptoms varies, depending on the etiology of the diabetes insipidus as well as on the preservation of 
thirst, diet, extent of ADH defi ciency, and kidney function.

In familial vasopressin-sensitive diabetes insipidus, a family history reveals other members with symp-
toms of polyuria and polydipsia. Typically, symptoms do not occur until after infancy. MRI or CT scans of af-
fected individuals have not shown any abnormalities in the hypothalamic or pituitary area. In addition, studies 
have shown that aff ected individuals are capable of vasopressin secretion, leading to the theory of an inherited 
defect in osmoreceptors. Autosomal dominant inheritance and X-linked inheritance have been described.

Nephrogenic diabetes insipidus is transmitted as an X-linked disorder. Symptoms usually develop within 
the fi rst 3 weeks of life, although typically the diagnosis is delayed. A history of failure to thrive, vomiting, irri-
tability, constipation, and intermittent fevers is commonly obtained. However, by the time of diagnosis, children 
are usually severely dehydrated and malnourished.

Physical Examination

In infants, hyperthermia, rapid weight loss, and vascular collapse may be seen. In addition, vomiting, constipa-
tion, and growth failure may be present. In older children, weight loss, mild dehydration, and distention of the 
bladder occur. In the presence of a tumor, signs of increased intracranial pressure may be present, as well as visual 
fi eld defi cits, blindness, and optic atrophy.

Laboratory Evaluation

Laboratory studies reveal:

• Serum sodium that are usually greater than 145 mEq/L.
• Urine osmolality inappropriately dilute in the presence of serum hypertonicity (serum osmolality greater 

than 290 mOsm/kg). A water deprivation test reveals the excretion of dilute urine with osmolality less than 
plasma osmolality, a rise in the serum sodium of more than 145 mEq/L, a serum osmolality of more than 
290 mOsm/kg, and a weight loss of 3% to 5%.

Administration of ADH, or its analog, DDAVP, results in increased urine osmolality. MRI of the pituitary 
or hypothalamus is warranted to evaluate for the presence of tumor, Langerhans cell histiocytosis, or empty sella 
syndrome. In addition, other laboratory studies to evaluate function of other pituitary hormones (e.g., thyroid 
hormone, IGF-I) are appropriate.

Patients with nephrogenic diabetes insipidus present with hypernatremia, serum hypertonicity, elevated 
uric acid concentrations, and dilute urine despite the presence of high intrinsic ADH levels. After exogenous 
vasopressin administration, a dilute urine and serum hypertonicity continue to be present.

Differential Diagnosis (Table 14-15)
A careful history, including family history of failure to thrive, polyuria, and polydipsia, and the previously described 
laboratory tests, usually reveal the specifi c etiology. Patients with neurologic changes or evidence of other hormonal 
defi ciency or excess should be evaluated for the presence of a pituitary tumor. In addition, patients who present 
with diabetes insipidus, otorrhea, or bone pain should raise suspicions of Langerhans cell histiocytosis.

Management
Th e goal of treatment of diabetes insipidus is the achievement of normal growth and weight gain and the avoid-
ance of hypertonic dehydration. Th e management of central diabetes insipidus involves hormonal replacement 
with DDAVP, a synthetic analog of arginine vasopressin. Th e usual dose for children is 2.5 to 10 μg intranasally 
once or twice daily. Subcutaneous or intravenous administration at one-tenth the intranasal dose is also possible. 
In patients with an intact thirst mechanism, the clinician may adjust the dosage as needed to maintain normal 
serum osmolality and sodium. In patients lacking an intact thirst mechanism, specifi c fl uid requirements must 
be met in addition to the vasopressin replacement.

Treatment for nephrogenic diabetes insipidus requires high water intake with frequent feedings. Restric-
tion of sodium and salt intake is warranted to prevent enhancement of water loss. Studies have shown that the 
diuretic chlorothiazide is eff ective in maintaining serum sodium between 132 and 137 mEq/L, as long as dietary 
intake of sodium is restricted. Side eff ects of this therapy include increased serum uric acid and hypokalemia. 
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Indomethacin also has proven eff ective in the treatment of nephrogenic diabetes insipidus; this agent enhances 
proximal tubular reabsorption of the glomerular fi ltrate.

SYNDROME OF INAPPROPRIATE SECRETION OF ANTIDIURETIC HORMONE

Pathophysiology
Syndrome of inappropriate secretion of antidiuretic hormone (SIADH) is characterized by excessive secretion 
of vasopressin despite the presence of hyponatremia and the absence of osmotic or nonosmotic stimuli. It occurs 
in several diseases, usually of the brain or lung, and during therapy with several drugs (Table 14-16).

Clinical and Laboratory Evaluation
History

Patients with SIADH may present with weight gain, weakness, anorexia, nausea and vomiting, personality 
changes, or lethargy. In severe cases, convulsions and coma may occur as a result of hypotonicity of the se-
rum. In addition, symptoms of an underlying disease (e.g., pneumonia, intracranial process, malignancy) may 
be present.

Th e clinician should elicit a complete medication history to rule out drug-induced SIADH. Medications 
known to stimulate ADH release include clofi brate, chlorpropamide, thiazides, carbamazepine, phenothiazines, 
vincristine, and cyclophosphamide.

Physical Examination

In cases of mild hyponatremia, the physical examination may be completely normal; however, in severe cases 
patients may be lethargic, comatose, or convulsing. It is worth noting the presence or absence of hypotension, 

 TABLE 14-15

Differential Diagnosis of Diabetes Insipidus
Central diabetes insipidus

Vasopressin defi ciency

Physiologic suppression of vasopressin secretion
Psychogenic polydipsia
Organic polydipsia (hypothalamic disease)
Drug-induced polydipsia

Reduced renal responsiveness to vasopressin
Genetic (nephrogenic diabetes insipidus, medullary cystic disease)

Pharmacologic
Lithium
Diuretics

Osmotic diuresis
Diabetes mellitus

Electrolyte disturbance
Hypercalcemia
Hypokalemia

Renal disease
Postobstructive diuresis
Renal tubular acidosis
Sickle cell disease

Hemodynamic
Hyperthyroidism

Adapted from Bode HH: Disorders of the posterior pituitary. In Clinical Pediatric Endocrinology, 2nd ed. Edited by 

Kaplan SA. Philadelphia, WB Saunders, 1990.
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tachycardia, and pitting edema. In the presence of these signs, SIADH is unlikely, and it is necessary to consider 
a more extensive diff erential diagnosis.

Laboratory Evaluation

Laboratory studies reveal:

• Serum sodium levels less than 135 mEq/L
• Serum osmolality less than 270 mOsm/kg
• Urine sodium usually increased [fractional excretion of sodium (FE

Na
) greater than 1%], with FE

Na
 cal-

culated by the following formula:

FE
Na

 �   
[Urine Na/serum Na]

  __  
[Urine Cr/serum Cr]

  

• Urine osmolality greater than 100 mOsm/kg
• Normal serum BUN/creatinine and uric acid levels
• Elevated serum arginine vasopressin

Th e use of other laboratory tests depends on the clinician’s suspicions of possible underlying etiologies of 
SIADH (i.e., tumor, meningitis).

 TABLE 14-16

Conditions Associated with Syndromes of Inappropriate Secretion of 
 Antidiuretic Hormone in Children
Pulmonary diseases

Asthma
Pneumonia (viral, bacterial, or fungal)
Pneumothorax
Positive pressure breathing
Acute respiratory failure
Tuberculosis

Central nervous system disorders
Meningitis, encephalitis
Guillain-Barré syndrome
Head trauma
Brain abscess
Brain tumors
Hydrocephalus
Neonatal hypoxia
Respiratory distress syndrome
Aplasia of corpus callosum
Acute intermittent porphyria

General surgery

Drugs
Vasopressin
Desmopressin
Oxytocin
Vinca alkaloids
Cyclophosphamide
Carbamazepine
Clofi brate
Tricyclic antidepressants
Monoamine oxidase inhibitors

Adapted from Kovacs L, Robertson GL: Syndrome of Inappropriate antidiuresis. Endocrinol Metab Clin North Am 

21(4):859–874, 1992.
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Differential Diagnosis
Th e diff erential diagnosis of hypotonic hyponatremia involves either excessive water ingestion or decreased wa-
ter excretion (Table 14-17). First it is necessary to confi rm the presence of hypotonicity because falsely lowered 
sodium values may occur in the presence of hyperglycemia, hyperlipidemia, and other agents that cause an arti-
factually low serum sodium. In these instances, the serum osmolality is normal or high, whereas in hyponatremia 
associated with SIADH, it is low (generally less than 270 mOsm/kg). Exclusion of disorders other than SIADH 
is possible based on the history and physical examination. Other laboratory data may be necessary to rule out 
hypothyroidism or cortisol defi ciency.

Management
Th e management of SIADH should include treatment of the underlying disorder if present. Th erapy then is 
directed at slowly raising the serum sodium level (0.5 to 1.0 mEq/L/h) to prevent the neurologic complication 
of central pontine myelinolysis. Fluid restriction causes a steady rise in serum sodium and osmolality, as well as 
weight loss. Generally, fl uid restriction to 50% to 75% of maintenance requirements is eff ective. If hyponatremic 
seizures occur, it is necessary to give 3% saline (5 mL/kg) slowly until the seizures stop.

Drug therapy to induce vasopressin resistance has been eff ective in adults but should not be used in chil-
dren. Medical personnel should be alert to the underlying disorders known to cause SIADH so that earlier 
diagnosis and treatment may occur (see Table 14-16).

DIABETES MELLITUS
DM is a group of diseases characterized by elevated levels of blood glucose secondary to decreased insulin pro-
duction, impaired insulin action, or both. Diagnostic criteria for the diagnosis of DM are shown in Table 14-18 
and classifi cation of DM is shown in Table 14-19. DM can lead to by long-term sequelae involving the heart, 

 TABLE 14-17

Differential Diagnosis of Hypotonic Hyponatremia
Excessive water ingestion

Decreased water excretion

Decreased solute delivery to diluting segment

 Starvation

AVP excess

 SIADH

 Drug-induced AVP secretion

AVP excess with decreased distal solute delivery

 Congestive heart failure

 Cirrhosis of the liver

 Nephrotic syndrome

 Cortisol defi ciency

 Hypothyroidism

 Diuretic use

Renal failure

AVP, arginine vasopressin (ADH); SIADH, syndrome of inappropriate (secretion of ) antidiuretic hormone. 

Adapted from Wilson JD, Foster D: Williams Textbook of Endocrinology, 8th ed. Philadelphia, WB Saunders, 1992.
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eyes, kidneys, and the nervous system. As is true with many of the chronic diseases seen in the pediatric popula-
tion, psychosocial issues complicate the disease process even further.

Type 1 DM
Type 1 DM (previously called insulin-dependent diabetes mellitus or juvenile-onset diabetes), the most com-
mon form of diabetes in the pediatric population, aff ects approximately 2 children per 1,000. In type 1 DM 
there is autoimmune destruction of the pancreatic beta cells resulting in insulin defi ciency. While type 1 DM 
usually presents in children and young adults, it may occur at any age.

Pathophysiology
Proinsulin, the precursor to insulin, is synthesized in the beta cells of the pancreas as a single coiled protein 
consisting of two chains: A and B, which are connected by a connecting or C peptide and held together by dis-
ulfi de bonds (Figure 14-7). When insulin is released systemically, the 31–amino acid C peptide is cleaved from 
the molecule to form active insulin. Th e amount of insulin released is dependent on input from the autonomic 
nervous system, level of caloric intake, exercise, and hormonal infl uences. GH, glucagon, glucocorticoids, and 
estrogens all stimulate insulin release; however, they also antagonize the eff ect of insulin in peripheral tissues.

 TABLE 14-18

Diagnostic Criteria for the Diagnosis of Diabetes Mellitus

Fasting Plasma 

 Glucose (FPG)

Casual Plasma 

Glucose

Oral Glucose 

Tolerance Test

Diabetes FPG ≥126 mg/dL Casual plasma glucose 
	200 mg/dL plus 
symptoms

Two-hour plasma glucose 
(2-PG) 	200 mg/dL

Impaired glucose 
homeostasis

Impaired fasting glucose 
(IGF) � FPG 	 100 
and 
126 mg/dL

Impaired glucose tolerance 
(IGT) � 2-PG 	140 and 

200 mg/dL

Normal FPG 
100 mg/dL 2-PG 
140 mg/dL

 TABLE 14-19

Classifi cation of Diabetes Mellitus
Type 1: �-cell destruction
 Type 1 a—autoimmune
 Type 1 b—idiopathic

Type 2: Insulin resistance with secretory defect

Gestational Diabetes Mellitus

Other specifi c types
 Genetic defects of �-cell function
 Genetic defects of insulin action
 Defects of exocrine pancreas (e.g., cystic fi brosis)
 Endocrinopathies (e.g., Cushing syndrome)
 Other genetic syndromes (e.g., Prader Willi)
 Drug- and chemical-induced diabetes
 Caused by infection (e.g., congenital rubella)

770309_Ch_14.indd   360770309_Ch_14.indd   360 5/6/11   1:01:51 PM5/6/11   1:01:51 PM



CHAPTER 14 ■ ENDOCRINOLOGY AND DISORDERS OF GROWTH   361

Insulin acts primarily to drive glucose rapidly into the cell to provide fuel for cellular metabolism in almost 
all cells in the body, but especially in the liver, muscles, and fat. Insulin inhibits gluconeogenesis and promotes 
the conversion of liver glucose into fatty acids.

Type 1 DM results from cell-mediated autoimmune destruction of the � cells of the pancreas. Ninety percent 
of these patients are positive for either the DR3 or DR4 human leukocyte antigen (HLA), but the HLA type is 
insuffi  cient to account for all the new cases of DM. It is theorized that a combination of a genetic predisposition 
and antigenemia provoke an autoimmune response that attacks and destroys the �-cells and results in insulinopenia 
(“double hit” theory). Markers of the autoimmune destruction of the � cells include islet cell autoantibodies and 
autoantibodies to both insulin and glutamic acid decarboxylase. After loss of approximately 80% of the �-cell mass, 
blood glucose becomes elevated as a result of decreased glucose uptake (Figure 14-8). In addition, an increase in 
counterregulatory hormone production results in both proteolysis and lipolysis, providing amino acids and glycerol 
for gluconeogenesis. Finally, in the liver, insulin defi ciency results in glycogenolysis and enhanced gluconeogenesis.

Clinical and Laboratory Evaluation
History

Once the glucose level in the blood exceeds the renal threshold (approximately 180 mg/dL), glycosuria develops. 
 Water is drawn into the renal tubules by the osmotic properties of glucose and results in polyuria. Polyuria and poly-
dipsia are the most common and classical symptoms of diabetes. With long-standing polyuria with glycosuria, weight 
loss occurs because of caloric loss in the urine. Polyphagia then ensues in an attempt to overcome the caloric loss.

Physical examination

Early on in the course of diabetes, the physical examination is frequently normal. As the glucose level rises, the 
osmotic diuresis increases and the patient may have signs of mild-to-moderate dehydration. Th e longer type 1 
DM goes unrecognized, the more likely the patient will present in diabetic ketoacidosis (DKA) (see Diabetic 
Ketoacidosis, which follows).

Laboratory Evaluation

Th e fi ndings of an elevated blood glucose and glycosuria in an otherwise healthy child with new symptoms of 
polyuria and polydipsia confi rm the diagnosis of diabetes. An elevated hemoglobin A1c confi rms that the blood 
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glucose has been elevated for some time. In approximately 90% of patients presenting with type 1 DM, anti-islet 
cell, anti-insulin, and/or anti-GAD antibodies will be positive.

Differential diagnosis
Almost all patients who present with polyuria, polydipsia, polyphagia, and weight loss will be found to have 
diabetes. Hyperthyroidism can present with the same symptoms. Th e polyuria and polydipsia in hyperthyroid-
ism are the result of the hyperdynamic state with increased blood fl ow to the kidneys.

Management
Th e rationale behind treating type 1 DM is to normalize glucose metabolism and avoid or delay the long-term 
complications associated with insulin defi ciency. Neuropathy, nephropathy, retinopathy, and cardiomyopathy are 
just a few of the known complications of DM. Clearly, prevention is the most cost-eff ective way of dealing with 
these conditions. Recent studies have suggested that better glucose control is strongly associated with a more 
favorable prognosis; thus, optimizing insulin therapy is of major importance.

Several insulin preparations are available (Table 14-20). Th erapy is geared to maintain blood glucose close 
to the normal range of 80 to 150 mg/dL, with the occurrence of as few hypoglycemic episodes as possible.

Conventional insulin therapy consists of a combination of rapid- or short-acting insulin mixed with an 
intermediate acting insulin preparation given twice a day, before breakfast and before dinner. Th e usual total 
daily dose is approximately 0.5 to 1.0 units/kg, divided into two-thirds at breakfast and one-third at dinner. Th e 
morning dose consists of approximately two-thirds intermediate-acting and one-third short- or rapid-acting 
preparations. Th e predinner dose is usually half intermediate-acting and half short- or rapid-acting insulin. 
Th ese recommendations are only an approximate guide; each patient’s therapy is individualized. It is expected 
that patients will monitor both their blood glucose levels four times per day, premeals and at bedtime, using the 
fi ngerstick method. On this regimen, the patient is required to eat consistent amounts of carbohydrates at each 
meal and snack.

Intensive insulin therapy (basal bolus therapy) consists of a basal insulin supplemented by boluses of insulin.
Basal insulin: Basal insulin provides adequate insulin coverage in the nonfeeding state. It may be provided 

as either as a long acting insulin analogue given by subcutaneous injection, or as a continuous subcutaneous 
infusion of a rapid acting analog insulin provided by an insulin pump.
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FIGURE 14-8. Proposed scheme of natural history of �-cell defect in diabetes. Overt diabetes becomes manifest 
only after destruction of 80% to 90% of cell reserve.
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Bolus insulin: Bolus insulin provides insulin coverage for the carbohydrates eaten and/or insulin to correct 
hyperglycemia. Th e bolus insulin, therefore, has two components:

(i) Insulin:carbohydrate ratio; that is, the amount of insulin required per gram of carbohydrate consumed
(ii) Correction factor; that is, the amount of insulin required to lower the glucose by a given amount

Example: A patient has an insulin:carbohydrate ratio of 1:10 (i.e., 1 unit for every 10 grams of carbohy-
drates), a correction factor of 1:50 (i.e., 1 unit will result in a 50 mg/dL decline in the blood glucose), and a target 
range for blood glucose is 80 to 150 mg/dL. He is about to eat 50 gram of carbohydrates and his blood glucose 
is 250 mg/dL. His insulin bolus just prior to that meal would be:

  5 units for the 50 grams, plus
  2 units (to correct his blood glucose to 150 mg/dL)
Total: 7 units

Basal bolus therapy allows maximal fl exibility in both the timing of meals and the dietary consumption of 
carbohydrates.

Fingerstick blood glucose monitoring is generally performed premeals and at bedtime. Follow-up every 
3 to 4 months, to monitor growth and development and adjust the insulin regimen, is recommended. Because 
glucose nonenzymatically glycosylates many proteins in the body, including the hemoglobin molecule, mea-
surement of HbA1c represents a time-honored method of determining control over the previous 3 months, as 
opposed to the instant in time represented by a random blood glucose sample. Target HbA1c levels are between 
7.5% to 8.5% in toddlers and preschool children (age 0 to 6 years), less than 8% in school-age children 6 to 
12 years, and less than 7.5% in adolescents and young adults.

 TABLE 14-20

Insulin Preparations

Insulin Onset of 

 Action

Time to Peak 

Eff ect

Duration

Rapid-acting analogs

Insulin aspart –
Novolog (Novo Nordisk)

5–15 minutes 45–75 minutes 2–4 hours

Insulin lispro –
Humalog (Lilly)

5–15 minutes 45–75 minutes 2–4 hours

Insulin glulisine –
Apidra (Sanofi -aventis)

5–15 minutes 45–75 minutes 2–4 hours

Short-acting (regular insulin)

Humulin R (Lilly) 30 minutes 2–4 hours 5–8 hours

Novolin R (Novo Nordisk) 30 minutes 2–4 hours 5–8 hours

Intermediate-acting insulin (NPH)

Humulin N (Lilly) 2 hours 6–10 hours 14–18 hours

Novolin N (Novo Nordisk) 2 hours 6–10 hours 14–18 hours

Long-acting analog

Insulin glargine
Lantus (Sanofi -aventis)

2 hours No peak 20–24 hours

Insulin Detemir
Levemir (Novo Nordisk)

2 hours No peak �20 hours

NPH, neutral protamine Hagedorn insulin.
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Patients with type 1 DM have a high incidence of autoimmune thyroid disease, and thyroid function tests 
are necessary on a yearly basis. Beginning 3 to 5 years after diagnosis, an ophthalmology examination and a 
urinalysis are recommended on a yearly basis to screen for retinopathy and nephropathy, respectively. Patients 
with proteinuria (greater than 150 μg/min) are at signifi cant risk for the development of nephrosclerosis and 
progressive renal failure.

Pediatric Pearl: It is important to note that seeking too tight control may place patients at 
risk for signifi cant life-threatening hypoglycemia.
Pe
ris

Type 2 DM
Type 2 DM (previously called noninsulin dependent diabetes mellitus [NIDDM] or adult-onset diabetes) 
results from the combination of insulin resistance and relative insulin defi ciency.

Pathophysiology
Th ere has been a steady increase in the number of adolescent patients diagnosed with type 2 DM since the early 
1990s, and data from diabetes referral centers indicate that currently approximately 40% of newly diagnosed 
cases of DM between ages 10 and 19 years have type 2 DM. Although approximately two-thirds of adolescents 
with type 2 DM are African American or Mexican American, type 2 DM has been seen in all ethnic groups. 
Th ere is a family history of type 2 DM in a fi rst-degree relative in more than 60% of cases.

Obesity is the most important risk factor for the development of type 2 DM. Obesity is associated with 
insulin resistance, and as long as the pancreas can overcome the insulin resistance by increasing insulin secretion, 
normal glucose homeostasis will be maintained. Once the pancreatic insulin secretion becomes inadequate to 
overcome the insulin resistance, glucose homeostasis become abnormal.

Clinical and Laboratory Evaluation
History

Although adolescents with type 2 DM may present with the classic symptoms of polydipsia, polyuria, and 
polyphagia, in many instances the diagnosis is found incidentally upon urinalysis.

Physical examination

Besides morbid obesity, a number of clinical signs should alert the physician to the possibility of type 2 DM. 
Th ese include:

• Acanthosis nigricans—a cutaneous marker of insulin resistance
• Hypertension—may occur in 20% to 30% of adolescents with type 2 DM
• Polycystic ovary syndrome
• Vaginal candida infection

Laboratory Evaluation

While the diagnosis of type 2 DM is frequently easy to establish, there are times when it may be diffi  cult to 
distinguish between type 1 and type 2 DM.

• Insulin and C peptide are usually high in type 2 DM, refl ecting underlying insulin resistance. However, 
chronic hyperglycemia can cause transient insulin defi ciency (glucose “toxicity”).

• Negative autoantibodies to the islet cell suggest type 2 DM, whereas positive islet cell autoantibodies 
(positive in 90% of patients with type 1 DM) suggest type 1 DM.

Management
Th e major focus should be directed at the cause of the disorder, namely obesity, poor diet, and sedentary lifestyle. 
Patients who are symptomatic or fail conservative therapy may require medical therapy. Metformin improves 
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 insulin sensitivity at the liver (decreases hepatic glucose production) and muscle (increases muscle glucose  uptake). 
Patients who present with severe hyperglycemia or ketosis require insulin therapy in addition to metformin.

Diabetic Ketoacidosis
Pathophysiology

Approximately 20% to 40 % of children with new onset of type 1 DM present initially in DKA. Th is situation 
is most commonly seen in children younger than 5 years of age. DKA occurs when there is a decrease in insulin 
action, as well as an increase in the production of counterregulatory hormones such as epinephrine, norepineph-
rine, glucagon, cortisol, and, GH, all of which have eff ects opposite to those of insulin.

In the absence of insulin, the body mobilizes fat as a source of energy. Ketone bodies acetoacetic acid and 
�-hydroxybutyrate are produced in the liver as a by-product of fatty acid breakdown and can be used by the brain 
as a source of energy. Excess production of the ketone bodies cause severe metabolic acidosis and even death.

In children previously diagnosed with type 1 DM, the inciting factor may be infection or vomiting. When 
children are ill, the cellular glucose requirement increases, and consequently the need for insulin also rises. In 
part, this increased insulin requirement is due to the increased production of counterregulatory hormones as-
sociated with illness. Although baseline insulin production in these children may be just barely adequate, there 
may be a relative lack of insulin action under these conditions of increased glucose needs. Glucose cannot be 
utilized by cells, and energy production from other substrates must ensue  (Figure 14-9).

In addition to the hyperglycemia and ketosis in DKA, electrolyte disturbances, dehydration, and metabolic 
acidosis are usually present. When the blood glucose exceeds the renal threshold for reabsorption, glycosuria 
occurs. Th e osmotic diuresis that results from glycosuria causes fl uid and electrolyte losses, leading to low levels 
of serum sodium, potassium, and phosphate. Other mechanisms of fl uid loss in DKA include vomiting and the 
hyperventilation that is a response to the acidosis. Patients with DKA can rapidly lose as much as 7% to 10% of 
their body weight through these mechanisms.

Clinical and Laboratory Evaluation
History

Most patients previously diagnosed with type 1 DM who present with DKA have a history of poor diabetes 
control and insulin omission. In well-controlled patients, an intercurrent illness will be the stress that results 
in DKA. Th ere may be a history of polyuria, polydipsia and weight loss, and sometimes decreased urine output 
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FIGURE 14-9. Pathways in diabetic ketoacidosis. AA, amino acid; GH, growth hormone. From Sperling MA: Physician’s 
Guide to Insulin-Dependent (type 1) Diabetes. Diagnosis and Treatment. Arlington, VA, American Diabetes Assocation, 1988.
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from decreased renal perfusion. Patients frequently complain of nausea, vomiting, and abdominal pain. In addi-
tion, altered respiratory patterns, air hunger, and a history of an acetone smell to the breath may be elicited.

Physical Examination

Th e physical examination of patients with DKA may reveal all or some of the following features:

• Head, ears, eyes, nose, throat (HEENT): Dry mucous membranes (primarily from the osmotic diuresis and 
aggravated by vomiting and hyperventilation), sign of infection (e.g., injected oropharynx), and acetone breath.

• Cardiovascular: Orthostatic hypotension, thready pulses, and tachycardia. In the presence of increased intra-
cranial pressure, Cushing triad (altered respiratory pattern, bradycardia, and hypertension) may be present.

• Pulmonary: Kussmaul breathing (deep, sighing).
• Abdomen: Abdominal pain, decreased bowel sounds.
• Skin: Decreased turgor.
• Neurologic: Altered mental status (obtundation, combativeness, coma), from decreased cerebral perfu-

sion. Signs of increased intracranial pressure (papilledema, dilated, unresponsive pupils) suggest cerebral 
edema, a dreaded complication that generally occurs during therapy.

Laboratory Evaluation

• Acidosis: Acidosis (bicarbonate less than 15 mEq/L and pH less than 7.30) with an increased anion gap 
is primarily the result of excessive ketone body production and may be aggravated by lactic acidosis from 
tissue hypoperfusion.

 anion gap � [Na�] � ([Cl�] � [HCO3�]) : normal 12 � 2
• Hyperosmolality: Th is is primarily due to hyperglycemia, but may be aggravated by hypernatremia. Os-

molality is calculated by the formula:

   [Na � 2] �   
blood glucose (mg/dL)

  ___________________ 
18

   �   
BUN (mg/dL)

  _____________ 
2.8

  

• Hyperlipidemia: Th is is due to increased lipolysis caused by the combination of insulinopenia and in-
creased counterregulatory hormone production

• Electrolyte disturbance: Although there is generally a sodium defi cit of approximately 10 mmol/kg body 
weight, the measured sodium is spuriously low as a result of the osmolar dilution induced by hyperglyce-
mia and the sodium-free lipid fraction.

 -  Potassium defi cit is estimated at 5 mmol/kg from obligatory urine losses. In the presence of metabolic 
acidosis, however, the potassium may be spuriously normal.

 - Increased BUN.
 - Normal or elevated creatinine.
 - Increased white blood cell count with shift to the left.
 - Decreased phosphorus.

Differential Diagnosis
Th e diagnosis of DKA, once it is considered, is relatively easy to make. Th e diff erential diagnosis of metabolic 
acidosis in children is relatively limited (Table 14-21). Patients with normal or high urine output despite signs 
of dehydration, recurrent vomiting, and abdominal pain warrant evaluation for the presence of diabetes.

Management
Th e management of DKA includes very close monitoring of the patient, usually in a pediatric intensive care 
unit. Monitoring of the patient should include constant observation, at least until the anion gap normalizes, 
arterial pH is greater than 7.25, and serum bicarbonate has begun to rise. Use of a cardiorespiratory monitor is 
warranted until the patient’s metabolic status has normalized.

Fluid and Electrolyte Therapy
In order to restore tissue perfusion, volume expansion with 20 mL/kg of an isotonic solution (0.9% saline or 
Ringer lactate) should be given in the fi rst hour and repeated if necessary. Subsequent fl uid management should 
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be with a solution greater than or equal to 0.45% saline and given at a rate of 1.5 to 2 times the usually daily 
requirement based on age, weight, or body surface area (maintenance � 1,500 mL/m2/day). Generally, the rate 
of fl uid administration should not exceed 4,000 mL/m2. If the patient is hyperosmolar, 0.45% saline should be 
used after the initial bolus of fl uid.

Potassium should be provided in the fl uid at a concentration of 40 meq/L once the serum potassium is less 
than 5 mmol/L and urine fl ow is established. Potassium should be given as half KCl and half KPO

4
 (to replenish low 

phosphate level), or as half KPO
4
 and half K acetate (which is converted to bicarbonate to help correct the acidosis).

Bicarbonate is rarely needed as ketone bodies will ultimately become a source of bicarbonate. Arguments 
against bicarbonate therapy include:

(a)  Paradoxical CNS acidosis. While the brain is well protected against the acid–base changes in DKA, 
CO

2
 liberated during bicarbonate therapy readily crosses the blood–brain barrier and lowers the 

CNS pH.
(b)  Th eoretical impairment of tissue oxygen delivery as a result of shifting the oxygen dissociation curve 

to the left.
(c)  Rapid correction of acidosis may result in intracellular movement of potassium and hypokalemia.

Accepted indications for bicarbonate therapy include cardiovascular instability (myocardial performance 
and response to catecholamines are improved at pH greater than 7.0) and severe hyperkalemia requiring medical 
treatment. If indicated, 1 to 2 mmol/kg can be infused over 1 hour.

Insulin Therapy
Insulin should be started once the fl uid expansion is complete. A continuous insulin infusion rate of 0.1 unit/
kg/h regular insulin is recommended. When the serum glucose approaches 250 to 300 mg/dL, dextrose should 
be added to the IV fl uid. Th e insulin infusion rate should not be lowered until the acidosis is resolving and the 
patient is receiving at least 10% dextrose in the electrolyte solution.

Monitoring
Th e patient should be monitored in a unit in which neurological status, vital signs, and blood work can be 
measured hourly. A fl ow sheet is highly recommended so that trends can be readily identifi ed. Bedside glucose 
determination should be made hourly, and electrolytes should initially be performed hourly, and thereafter the 
interval can be increased to 2 to 4 hourly, depending on the values.

One should expect the following:

1. Initial rapid fall in blood glucose with the initial fl uid bolus. Th is is caused by the “dumping” of glucose in 
the urine once renal perfusion is restored by volume expansion. After this unavoidable fall in the serum 
glucose, the glucose should not be allowed to fall more rapidly than 100 mg/dL per hour. Th is can be 
achieved by adding dextrose to the IV fl uids as necessary.

 TABLE 14-21

Differential Diagnosis of Metabolic Acidosis in Children
Lactic acidosis (ischemia, sepsis)

Diabetic ketoacidosis (DKA)

Severe diarrhea

Renal failure and uremia

Organic acidurias

Ingestions (methanol, ethylene glycol, acetone)

Salicylate poisoning (late)

Nonketotic hyperosmolar coma
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2. Initial worsening of acid–base status (fall in pH and HCO
3
�) during the fi rst 1 to 2 hours of therapy. 

Th is is caused by the reperfusion of previously underperfused capillary beds and consequent liberation 
of lactic acid.

3. A rise in the serum sodium associated with the lowering of the serum glucose. Th e eff ective osmo-
lality in DKA is determined primarily by the serum glucose and sodium. When the glucose con-
centration is greatly elevated, there is an osmotic effl  ux of water from the intracellular space, and 
this has a dilutional eff ect on the serum sodium (i.e., the measured sodium is lower as a result of 
the dilutional eff ect). Th e effl  ux of water from the cell results in cell shrinkage. Th e brain, however, 
generates  “idiogenic osmoles” to reduce the osmotic gradient and hence protect the brain cells from 
water effl  ux. If the high osmolality is lowered too rapidly during fl uid and insulin therapy, the plasma 
compartment becomes hypo-osmolar relative to the brain fl uid compartment, and places the child at 
risk for cerebral edema.

During the correction of the hyperglycemia, the sodium should rise (as the osmotic gradient is less). Failure 
to observe a rise in serum sodium as the glucose level declines (or observing a fall in the serum sodium while 
the glucose remains constant) indicates that there is a physiological excess of free water (excess of water over 
sodium) and should be avoided during DKA therapy (see the following).

Cerebral Edema
Cerebral edema is the most serious complication of ketoacidosis. A number of risk factors associated with 
the development of cerebral edema have been identifi ed and include pretreatment factors such as lower 
initial partial pressure of carbon dioxide, higher initial serum urea nitrogen, as well as treatment related 
factors such as failure of serum sodium to rise during therapy, excessive rate of fl uid administration, and 
bicarbonate therapy.

DISORDERS OF THE THYROID GLAND

Pathophysiology
One of the major actions of the thyroid gland is to concentrate exogenous iodide in the body and to convert it 
into a hormonally active form that is then released to exert its eff ect on peripheral tissues. Biosynthesis of the 
active hormone occurs through a number of steps (Figure 14-10). Active transport of iodide into the thyroid 
gland leads to oxidation of the iodide and iodination of the tyrosyl residues within the thyroglobulin, fol-
lowed by coupling of the iodotyrosines to form the active compounds thyroxine (T

4
) and triiodothyronine (T

3
). 

Colloid

Thyroglobulin-
bound tyrosyl

residues

T3 T4

Tyr
Tyr Tyr

MIT DIT
T3 T4

Thyroid
cells

Va
sc

ul
ar

   
   

  

FIGURE 14-10. Biosynthesis of thyroid hormone. Oxidized 
iodide combines with thyroglobulin-bound tyrosyl (Tyr) 
residues to form monoiodotyrosine (MIT),  diiodotyrosine 
(DIT), triiodothyronine (T

3
), and  thyroxine (T

4
). 

 Endocytosis, followed by proteolysis of the  thyroglobulin 
molecule by lysosomes, releases T

3
, T

4
, DIT, and MIT. MIT 

and DIT are then deiodinated, and the iodide is reutilized, 
while T

4
 and T

3
 are released into the systemic circulation.
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Th e active transport of iodide allows suffi  cient concentration of iodide in the gland despite meager dietary 
 intake. Th rough this mechanism, thyroid hormone is coupled to its specifi c binding protein, thyroglobulin, 
which forms the bulk of the colloid found within the thyroid follicle. Endocytosis of the iodinated thyroglobulin 
from the stores of colloid and subsequent pinocytosis into the thyroid follicular cell are the fi rst steps in the 
release of thyroid hormone into the periphery. Hydrolysis of the thyroglobulin molecule occurs with subsequent 
release of free T

4
 and free T

3
 into the peripheral circulation.

Regulation of the release of thyroid hormone into the periphery takes place by a complex system of feedback 
loops (Figure 14-11). TSH from the pituitary binds to its specifi c receptor on the surface of the thyroid follicular 
cell, stimulating an increase in 3�,5�-cyclic adenosine monophosphate. Th is causes the gland to enlarge and initiates 
a number of processes within the thyroid hormone biosynthetic pathway, ultimately causing an increase in thyroid 
hormone release. Th yroid-releasing hormone (TRH), a tripeptide produced in the hypothalamus, is transported 
to cells in the anterior pituitary that produce TSH via the pituitary portal vascular system. TRH synthesis, which 
increases in response to decreasing body temperature and decreased serum levels of T

4
 and T

3
, diminishes via nega-

tive feedback resulting from increased levels of T
3
. TSH increases in response to increasing concentrations of TRH 

and low levels of T
4
 and T

3
. Production of T

4
 occurs only in the thyroid gland, whereas manufacture of T

3
 takes 

place not only in the thyroid gland but also in many cells in the periphery by monodeiodination of T
4
. T

3
 has ap-

proximately four times the biologic potency and ten times the affi  nity for nuclear thyroid receptors of T
4
.

+

T3 and T4
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Thyroid gland

Hypothalamus

TSH

TSH
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–
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Other CNS
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FIGURE 14-11. Feedback loops involved in regulation of thyroid hormone release. CNS, central 
nervous system; T

3 
, triiodothyronine; T

4 
, thyroxine; TRH, thyrotropin-releasing hormone; 

TSH, thyroid-stimulating hormone. From Bacon GE, Spencer ML, Hopwood NJ, et al: A Practical 
Approach to Pediatric Endocrinology, 3rd ed. Chicago, Year Book Medical Publishers, 1990, p 124.
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Th e more important biologic actions of thyroid hormone, which are many, include increased amino acid 
turnover, calorigenesis, thermogenesis, augmentation of the �-adrenergic system, and increased growth. Th yroid 
hormone is also essential for neonatal brain growth, as evidenced by the development of mental retardation in 
untreated patients with primary congenital hypothyroidism.

Hypothyroidism

Hypothyroidism can be divided into two large categories, congenital and acquired. Th e congenital form can be 
further subdivided into primary (aplasia or hypoplasia of the thyroid gland; common), secondary (TSH defi -
ciency; rare), and tertiary (TRH defi ciency; rarest).

Th e incidence of primary congenital hypothyroidism is approximately 1 in 4,000 live births. Th e signs and 
symptoms of congenital hypothyroidism are insidious. Th e seriousness of the long-term eff ects of the condition, 
if left undetected (mental retardation), has resulted in the development of sensitive neonatal screening programs 
to avoid preventable retardation. Since the inception of these programs in the late 1970s, the incidence of com-
plications from untreated primary congenital hypothyroidism has decreased signifi cantly.

In the acquired form of hypothyroidism, an autoimmune phenomenon with lymphocytic infi ltration of the 
thyroid gland is most common. However, any process that leads to destruction of the thyroid gland ultimately 
leads to hypothyroidism.

Hyperthyroidism

Hyperthyroidism may be due to either local or diff use overproduction of thyroid hormone. In children, hyper-
thyroidism is almost always due to Graves disease. In this condition, the thyroid gland autonomously produces 
large amounts of T

4
 and T

3
. Graves disease generally results from an autoimmune phenomenon in which an-

tibodies directed at the TSH receptor on the surface of the follicular cells bind and stimulate production of 
thyroid hormone.

It is now believed that both autoimmune lymphocytic infi ltration of the thyroid gland with subsequent 
hypothyroidism (Hashimoto thyroiditis) and Graves disease may both be part of a continuum of autoimmune 
thyroid diseases. Indeed, it is not uncommon to fi nd patients with one form of autoimmune thyroid disease who 
have a strong family history of the other type of autoimmune thyroid disease.

Clinical and Laboratory Evaluation
History

Patients with classic untreated congenital hypothyroidism often present 6 to 12 weeks after birth with a typical 
appearance, characterized by a thickened, protuberant tongue; hoarse cry; muscle hypotonia; umbilical hernia; 
constipation; bradycardia; and prolonged indirect hyperbilirubinemia. Th ese signs are often subtle and easily 
missed. Although screening for congenital hypothyroidism is now almost universal in the United States, certain 
methodologic fl aws with the testing, which are beyond the scope of this chapter, do exist. Th us, when encounter-
ing children with suspicious signs or symptoms, the physician must always keep this diagnosis in mind.

Older infants and children with acquired hypothyroidism may present with growth failure, bone age retar-
dation, and delayed or precocious puberty. Other signs of hypothyroidism include decreased appetite, lethargy, 
constipation, dry skin and hair, and prolonged tendon refl ex relaxation time. Acquired hypothyroidism is often 
diffi  cult to diagnose on clinical grounds because the signs and symptoms are often insidious.

Patients with hyperthyroidism may complain of heat intolerance, nervousness, palpitations, increased ap-
petite, proximal muscle weakness, diffi  culty sleeping, inattention, and emotional lability. Physical signs may 
include weight loss, tremor, shortened deep tendon refl ex relaxation time, and a hyperdynamic precordium. Th e 
classic ophthalmopathy of Graves disease is less frequently seen in the pediatric age group, in contrast to adults. 
However, it is not uncommon to see lid lag and an unusual stare, which are due to the eff ect of excessive thyroid 
hormone on the sympathetic nervous system.

Physical Examination

When inspecting the thyroid gland, the physician should look for any asymmetry. Th e space between the sterno-
cleidomastoid muscle and trachea should be symmetrical. Th e clinician should stand behind the patient, extend 
the neck slightly while palpating the thyroid gland, and note the size, texture, presence of nodules, and presence 
of pain. It is necessary to ask the patient to swallow and feel the gland as it rises with swallowing. In addition, it 
is appropriate to feel the cricoid cartilage; the isthmus of the thyroid should be directly beneath this. Documen-
tation of the presence of a bruit in an enlarged gland is also warranted.
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Laboratory Evaluation

Th e cornerstone of laboratory diagnosis of disorders of the thyroid gland relies on the use of sensitive serum TSH as-
says and T

4
 levels. Today, almost all neonates born in the United States are screened for a variety of diseases, including 

phenylketonuria and hypothyroidism, before discharge from the hospital. Blood, most often obtained by a heel stick, is 
subsequently blotted on fi lter paper. In New York, for example, T

4
 is initially assayed, and the lowest 10% of T

4
 serum 

samples are then assayed for elevated TSH values. Providing there is an intact hypothalamic–pituitary axis, elevation in 
TSH represents a state of inadequate thyroid hormone production. Conversely, the suppression of TSH represents a 
state of thyroid hormone excess, either endogenous or exogenous. In some cases, patients who have clinical signs of hy-
perthyroidism but who have normal levels of TSH and T4 may have isolated elevations of T

3
, so-called T

3
 toxicosis.

Growth failure may be the only manifestation of hypothyroidism. Th erefore, it may be necessary to obtain 
thyroid function tests on all patients referred for short stature or disorders of sexual maturation.

It is necessary to obtain antithyroglobulin and antimicrosomal antibodies in patients with a goiter as part 
of the evaluation of autoimmune thyroiditis. Ultrasonography may be necessary when there is a question as to 
the presence of nodules. Fine needle aspiration is an extremely useful technique in evaluating solitary nodules 
for the presence of malignancy, a rare phenomenon in children.

Pediatric Pearl: Usually a TSH and total T4 are suffi cient to make a diagnosis of hyper- or 
hypothyroidism.
Pe
hy

Differential Diagnosis
Th e diff erential diagnosis of abnormal thyroid function involves a number of conditions (Table 14-22). Most 
children with acquired hypothyroidism have autoantibodies directed at the thyroid gland; the presence of an 
enlarged thyroid gland (goiter) is variable.

 TABLE 14-22

Differential Diagnosis of Abnormal Thyroid Function Tests
Hypothyroidism

Congenital

 Primary

 Secondary

 Tertiary

Acquired

 Autoimmune thyroiditis

 Endemic goiter

 Postradiation (iatrogenic)

Hyperthyroidism

Focal

 Th yroid carcinoma

 Acute suppurative thyroiditis

Diff use

Graves disease

Hashitoxicosis

Multinodular goiter
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Approximately 10% of patients with DM have evidence of elevated TSH, indicating primary hypothy-
roidism. Th is increase in TSH is strongly correlated with the presence of autoantibodies directed against the 
thyroid gland. For this reason, children with type 1 DM are usually screened annually by obtaining T4 and 
TSH levels.

Endemic goiter, a condition rarely seen in the United States, is primarily due to iodide defi ciency. 
However, this condition is the most common cause of thyroid disease worldwide. Th e goiter results from 
low serum T

4
 levels, which stimulate increased TSH secretion, causing an increase in iodide trapping and 

colloid formation.
As the survival rates of childhood brain tumors improve, postirradiation (iatrogenic) destruction of the 

thyroid gland, or of the pituitary production of TSH, or hypothalamic production of TRH is becoming more 
frequent. In this setting, the incidence of hypothyroidism is 35% to 45%. Clearly, there is a relationship between 
the incidence of hypothyroidism, dose of radiation, age of the patient at the time of irradiation, and time elapsed 
since irradiation.

Hyperthyroidism caused by an overproduction of thyroid hormone may be due to a focal area within the 
thyroid gland or a process involving the entire gland. On physical examination, the detection of a discrete nodule 
or a diff usely enlarged gland would help to discriminate between the two entities.

Hashimoto thyroiditis, also known as lymphocytic infi ltration of the thyroid gland, is more common in 
girls than in boys. A strong family history of thyroid disease is usually present. Hashitoxicosis, a term that 
describes the hyperthyroid phase of Hashimoto thyroiditis, results from either increased synthesis of thyroid 
hormone by the gland or destruction of the gland with subsequent release of thyroid hormone into the pe-
riphery. Ultimately, however, aff ected patients end up with a “burned-out” gland that underproduces thyroid 
hormone.

Management
Hypothyroidism

All cases of hypothyroidism involve replacement therapy with T
4
, regardless of cause. With the widespread 

availability of oral thyroxine, replacement therapy is fairly straightforward. Th e starting dose of thyroxine is 
highest in the newborn (10 to 15 μg/kg/day) and declines throughout childhood to a dose of approximately 
2 μg/kg/day by 12 years and older. Children should be monitored every 3 to 4 months to ensure normal growth 
and development, and to measure the TSH and T

4
, or free T

4
. In primary hypothyroidism, the dose of thyroxine 

should be adjusted to keep the TSH in the normal range. In central hypothyroidism, the level of free T
4
 should 

be in the upper half of the normal range.

Hyperthyroidism

Th ere are three options of therapy for Graves disease.

1. Antithyroid medication. Methimazole of 0.4 mg/kg/day, given once daily or divided two or 
three times daily. This agent, in the thioamide class of drugs, prevents the formation of T

4
 and T

3
. 

The aim is to render the patient hypothyroid and then replace thyroxine to normalize the TSH. 
The advantage of methimazole is that there is a 25% chance of remission for every 2 years of 
therapy. However, side effects may occur in approximately 5% of patients and may be minor and 
transient (rashes and arthralgias), or serious (hepatitis, lupus-like reaction, and agranulocytosis). 
Methimazole should be discontinued in the event of severe reactions and an alternate therapy 
chosen.

2. Radioactive iodine (RAI). Th e advantage is that RAI is safe and eff ective, and is not associated with 
increased cancer risk or risk to future off spring. Th e disadvantage is that RAI therapy generally results 
in permanent hypothyroidism that requires lifelong thyroxine replacement therapy. However, this latter 
therapy is cheap and easy and free from side eff ects.

3. Surgery by an experienced thyroid surgeon is an alternative therapy. Th e disadvantage is the risk of anes-
thesia, potential risk related to the surgery (damage to the parathyroid glands, recurrent laryngeal nerve), 
and the likely need for lifelong thyroxine replacement therapy.

A �-adrenergic receptor blocker may be used to control the symptoms of sympathetic hyperactivity such 
as tachycardia and nervousness as an interim measure. Complications of �-blockers include bradycardia and 
exacerbation of reactive airway disease.
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Gastroenterology
Original by Harvey W. Aiges, Revised by Kenneth L. Cox and Claire M. Wilson

Gastrointestinal (GI) complaints are a signifi cant part of ambulatory pediatrics. Abdominal pain, diarrhea, 
constipation, emesis, and GI bleeding are seen frequently. Th e pediatrician must determine whether a child’s 
symptoms are normal in the particular age group, are caused by an abnormality of the GI tract, or are related to 
a systemic disease. For example, emesis can be normal in young infants, diarrhea may be due to a urinary tract 
infection, and abdominal pain may be caused by pneumonia. Th e clinician must use a meticulous history and 
physical examination along with various clues such as the child’s age and clinical appearance to determine the 
cause of the symptoms and to create a therapeutic plan.

EVALUATION OF ABDOMINAL PAIN
Abdominal pain is one of the most frequent GI complaints that bring children and adolescents to the clinician. 
Th e child’s complaints may be vague or quite specifi c.

Pathophysiology
Th e nature and site of the pain may aid in making a diagnosis. Th e pain may be visceral (from an abdominal 
viscera), somatic (parietal; from underlying peritoneal infl ammation), or referred (from a more distal site). In 
general, visceral pain results from (1) a distension of the wall of a hollow organ or a stretching of the capsule of 
a solid organ, (2) infl ammation, or (3) ischemia.

Clinical and Laboratory Evaluation
History

A complete history is essential in the evaluation of abdominal pain in children and is the main source of 
information that will be used to construct a diff erential diagnosis. As usual, initial questions should be 
open-ended, but it is helpful to organize aspects of the history in one’s own mind so as not to omit impor-
tant items. In considering the pain itself, one wants to know the duration of the problem, the frequency and 
duration of the individual episodes, and whether the pain wakes the child from sleep. Th e location of the 
pain and whether it radiates can be elicited, but many pediatric patients are unable to describe pain quality. 
Visceral pain tends to be poorly localized. Th e site of pain in hepatobiliary, pancreatic, and gastroduodenal 
disease tends to be the epigastrium, and small and large bowel disease tends to cause periumbilical symp-
toms. Abnormalities in the rectosigmoid colon, urinary tract, and pelvic organs generally result in supra-
pubic manifestations. Peritoneal pain is usually more sharp and constant, and is localized to the area of the 
involved viscera. In asking about factors that relieve or exacerbate the pain, it is important to specifi cally 
include whether eating aff ects it, if stooling relieves it, and in an older girl, whether it is associated with the 
menstrual cycle. One can then move on to asking about other GI symptoms such as vomiting, heartburn, 
diarrhea, constipation, melena, and hematochezia. Th ere are also symptoms that are systemic or relate to 
other body areas that are relevant, such as the presence of fever, weight loss or poor growth, dysuria, jaun-
dice, and joint pain. Inquiring about a past history of other GI problems when younger, any past abdominal 
trauma or surgery, and intake of potentially problematic medications or foods often adds signifi cantly to 
the picture.

770309_Ch_15.indd   374770309_Ch_15.indd   374 5/6/11   1:02:52 PM5/6/11   1:02:52 PM



CHAPTER 15 ■ GASTROENTEROLOGY   375

Physical Examination

In the evaluation of abdominal pain, the most relevant vital sign is usually the temperature; tachypnea 
may suggest pneumonia. Percentiles for the child’s weight for age, height/length for age, and body mass 
index (BMI) should be noted (in those under 2 to 3 years of age, weight for length is substituted for BMI). 
Important aspects of the child’s general appearance include any lethargy or distress, a visual assessment of 
nutritional status; as well as hydration status if vomiting, diarrhea, or poor fl uid intake has been revealed 
by the history. Examples of signs observed with specifi c diseases follow. Jaundice and icteric sclerae may be 
seen in acute hepatitis. Purpuric skin lesions, usually on the lower extremities, suggest Henoch- Schönlein 
purpura. Oral ulcers can be seen in Crohn disease. Lung examination may reveal signs of pneumonia. 
 Abdominal examination begins with inspection for distension or discoloration. Auscultation detects  absent, 
hypoactive, or hyperactive bowel sounds. Palpation revealing voluntary guarding and involuntary rigidity 
of the overlying abdominal musculature, with or without rebound pain, suggests peritonitis. An abdominal 
mass in the right mid-abdomen can sometimes be appreciated in intussusception, and right lower quadrant 
tenderness and fullness is a recognized sign of ileocolic infl ammation due to Crohn disease. Right upper 
quadrant tenderness, especially when acute with inspiration, suggests gallbladder infl ammation. A sausage-
shaped mass in the left lower quadrant can be due to retained stool in the sigmoid colon. Depending on 
the presentation, valuable information may also be obtained from external anal examination and digital 
examination of the rectum.

Differential Diagnosis
Acute abdominal pain in children is more frequently organic in nature, in contrast to chronic or recurrent 
abdominal pain, which is often functional. Although viral gastroenteritis is one of the most common causes of 
acute abdominal pain in children, it is most important for the clinician to work through the diff erential diag-
nosis carefully (Table 15-1). Several other GI problems cause acute abdominal pain. Nonintestinal causes (e.g., 
urinary tract disease, pharyngitis, diabetic ketoacidosis) may be extremely diffi  cult to diagnose unless they are 
under specifi c consideration.

Chronic abdominal pain occurs in 10% to 15% of children between 5 and 15 years of age. Episodes of 
abdominal pain occurring at least once a week for a period of 2 months or more are termed chronic. Th e dif-
ferential diagnosis list is long (Table 15-2).

Pediatric Pearl: Children with chronic or recurrent abdominal pain who are growing 
well and have no “warning signs” almost always have functional pain, even though the 
pain is severe.

Pe
we
pa

Th e most common cause of chronic abdominal pain in otherwise healthy children is functional abdominal 
pain. In children with acute abdominal pain, appendicitis must always be considered.

Appendicitis

Acute appendicitis is the most common childhood disease that requires emergency surgery. Th e diagnosis, which 
may be easy in a classic textbook case, is often unclear in children and may account for the signifi cant number 
of cases that progress to perforation (see Chapter 25).

Functional Abdominal Pain

Functional abdominal pain is only partially understood, but is felt to be a disorder in which the brain 
perceives increased stimuli from the motility of the GI tract. Certain individuals may be inherently suscep-
tible to this condition, and then experience an event such as a GI infection or signifi cant stress, which acts 
as a trigger. Subsequently they feel increased sensations from the normally functioning digestive system, 
experienced as pain. Due to what is termed the brain–gut axis, the arousal from the pain has the potential 
to cause GI dysmotility, further increasing symptoms. Functional abdominal pain is divided into catego-
ries based on symptom characteristics: functional dyspepsia involves the upper abdomen, irritable bowel 
syndrome (IBS) is associated with stool abnormalities, and functional abdominal pain without features of 
either of the other categories is the most common type seen. Functional abdominal pain is a major cause 
of school absences.
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 TABLE 15-1

Causes of Acute Abdominal Pain

Common

Appendicitis

Dietary indiscretion

Food poisoning

Gastroenteritis

Mesenteric lymphadenitis

Pharyngitis

Urinary tract infection

Less Common

Incarcerated hernia

Gallbladder disease

Diabetes mellitus

Hepatitis

Intussusception

Meckel diverticulum

Pelvic infl ammatory disease

Peritonitis

Pneumonia (especially lower lobes)

Trauma

Pregnancy (ectopic)

Henoch-Schönlein purpura

Obstruction (adhesions)

Acute rheumatic fever

Renal stones

Pancreatitis

Testicular torsion

Vasculitis

Obstructive nephropathy

Vascular insuffi  ciency 

Malignancy 

Volvulus 

Mittelschmerz

Sickle cell disease
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 TABLE 15-2

Causes of Chronic or Recurrent Abdominal Pain

Common

Functional (including irritable bowel syndrome, functional dyspepsia, abdominal migraine)

Constipation

Lactose intolerance

Less Common

Acid-peptic disease

Recurrent pancreatitis

Gallbladder disease

Endometriosis

Parasitic infestation 

Collagen vascular disease

Mittelschmerz

Sickle cell disease

Acute intermittent porphyria

Mesenteric cyst

Infl ammatory bowel disease

Dysmenorrhea

Helicobacter pylori infection

Urinary tract infection

Hematocolpos

Cystic fi brosis (distal intestinal obstruction syndrome)

Enteric cyst (duplication)

Familial Mediterranean fever

Heavy metal poisoning

Abdominal mass/malignancy

Congestive heart failure

Diagnosis depends on a careful history and a normal physical examination. Routine blood studies (com-
plete blood cell count [CBC], erythrocyte sedimentation rate [ESR], and comprehensive chemistry panel) 
should be normal, as should stool and urine evaluations. A lactose breath hydrogen test after a lactose challenge 
may be helpful in those beyond toddler age who consume normal or above-normal amounts of milk, but more 
invasive studies are not indicated if the history, physical examination, and routine studies are consistent with 
functional abdominal pain. Symptom-based criteria (Rome criteria) have been created to aid in the diagnosis of 
functional GI conditions.

Laboratory and Imaging Evaluation

Th ere are no specifi c laboratory studies for abdominal pain, and deciding what tests to order, and in what 
 sequence, depends on the prioritized diff erential diagnosis formulated after taking the history and performing 
the physical examination. In many cases, a CBC and urinalysis are done.
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Management
Management of acute and chronic abdominal pain depends on the underlying cause. Th e treatment for early 
acute appendicitis is emergency appendectomy. If the appendix has perforated prior to surgery, it is essential to 
correct fl uid and electrolyte disturbances and begin aggressive antibiotic therapy.

Treatment of functional abdominal pain involves the identifi cation and explanation of the condition, and 
reassurance that although the pain is real, this is a “safe” rather than dangerous diagnosis. Patients who do not 
know what is wrong with them and remain afraid of what their symptoms may mean, are less likely to improve. 
Th e older child and adolescent may be asked to keep a diary of symptoms, oral intake, stool output, and stressors 
to identify their own triggers, which can then be specifi cally addressed. Normalizing activities, especially school 
attendance, is an essential part of management. Medications may be useful in specifi c situations. If patients 
 cannot adapt to this functional problem and fail to participate in the normal “functions of daily living,” psycho-
logic intervention may be necessary.

DIARRHEA
Diarrhea is most commonly defi ned as an increase in the frequency of stools or an increase in the fl uid content 
of the fecal material. Almost everyone has diarrhea at some time during childhood. Because there is considerable 
variation in stool frequency, volume, and consistency among individuals or even in the same child, the defi nition 
of diarrhea is imprecise. It is noteworthy that many infants and toddlers are said to have diarrhea by their parents 
but in fact do not. Infants may have as many as 10 to 12 bowel movements each day and not have diarrhea, as 
long as there is no watery margin around the stool mass. Some healthy toddlers, probably as a result of rapid 
intestinal transit time, have normal volume but unformed stools for many years. Occasionally, the clinician will 
hear that the child has diarrhea when the problem is actually constipation, with loose material leaking around 
fi rm stool retained in the rectum (encopresis). Understanding these aspects can be extremely helpful in avoiding 
certain counterproductive dietary restrictions and inappropriate medical workups.

Pathophysiology

Diarrhea may be due to abnormalities of the small intestine, colon, or both. In the small intestine, infection/
infl ammation or malabsorption can lead to diarrhea; whereas in the colon, rapid motility or infl ammation may 
be the cause. Diarrhea has also been subdivided into osmotic and secretory types, where secretory diarrhea con-
tinues while the patient has oral intake and osmotic does not. However, overlap exists.

ACUTE DIARRHEA
In most cases, the cause of acute diarrhea is enteric infection. Most commonly, the infectious agents are viral. 
Th e cause of acute, self-limited, bloody diarrhea is usually bacterial.

Clinical and Laboratory Evaluation
History

Th e duration of acute diarrhea is short, usually less than 2 weeks. It is helpful to determine the frequency 
of bowel movements, as well as the consistency of the stool (a measure of the amount of water loss) and the 
 presence of gross blood in the stool. By itself, the presence of mucus in the stool is not helpful diagnostically. 
Th e color of the stool within the brown/yellow/green spectrum is more suggestive of transit time and diet rather 
than any particular cause of diarrhea. Asking about decreased urine output aids in the assessment of hydration 
status, provided that urine can be diff erentiated from stool.

Physical Examination

Th e clinician must evaluate the patient’s state of hydration by evaluating the anterior fontanelle (if open), the 
mucous membranes, the turgor of the skin, the pulses, and the capillary refi ll time. Evaluation of the stool for 
the presence of blood is most useful in determining whether antibiotic therapy may be indicated.

Laboratory Evaluation

Stool analysis for blood, culture and sensitivity, and Wright stain (for white blood cells [WBC]) is necessary. 
Serum electrolytes may be helpful. In infants, urinalysis and urine culture may be considered, as urinary tract 
infection can cause diarrhea in this group.
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Differential Diagnosis (Table 15-3)
Acute diarrhea may result from infection with one or more of several agents.

Rotavirus

Rotavirus, the most important cause of acute diarrheal disease during the winter months, may lead to particu-
larly severe symptoms in younger infants. Vomiting at the onset of disease is quite common, and signifi cant 
dehydration is frequently seen. Th e diagnosis may be confi rmed on rotavirus antigen testing of the stool. Th e 
initiation of routine rotavirus vaccination in the United States in 2006 has decreased the duration and severity 
of annual outbreaks.

Other Viral Causes of Acute Diarrhea

Th e Norwalk-like virus is associated with both diarrhea epidemics and food poisoning, and was the agent found 
in outbreaks on cruise ships. Vomiting usually accompanies the diarrhea. Enteric adenovirus, astrovirus, and 
mini-respiratory enteric orphan virus infections are also associated with childhood diarrhea. Viral agents do not 
produce blood or WBCs in the stool (except in children who have HIV and are infected with cytomegalovirus 
or herpes simplex). Th erefore, stools that are positive for occult blood or have a positive Wright stain should 
prompt the clinician to consider a bacterial etiology in acute diarrhea, and infl ammatory bowel disease (IBD) 
in chronic diarrhea.

Escherichia coli

Enteroinvasive E. coli may produce bloody diarrhea with fecal leukocytes. Enterohemorrhagic E. coli type 
0157:H7 can cause a bloody diarrhea that may produce hemolytic-uremic syndrome, a combination of renal 
failure, hemolytic anemia, and thrombocytopenia. Hemolytic-uremic syndrome apparently occurs in about 10% 
of such infections and can be fatal. Enterotoxigenic E. coli is a leading cause of traveler’s diarrhea.

Campylobacter jejuni

C. jejuni is the most common cause of bacterial enterocolitis in the United States. Children have a predilection 
for infection during the fi rst decade of life. Abdominal pain, fever, nausea, and vomiting frequently accompany 
the diarrhea and occasionally precede it. Th e illness usually lasts for 4 to 5 days, but abdominal pain may persist 
for several weeks after the diarrhea subsides. Fecal blood and leukocytes are common.

Salmonella

Salmonella typhi infections are associated with typhoid fever (enteric fever). Th is serious infection, which is less 
common than the enterocolitis forms, arises from contaminated water or food. High, spiking fevers are the rule; 
if untreated, the fever may remain for 2 to 3 weeks. Nausea, vomiting, and splenomegaly are common.  Diarrhea 
may occur, but constipation is often seen. Rose spots (a cutaneous vasculitis) are seen transiently over the 
 abdomen, chest, and extensor surfaces. Intestinal perforation and hemorrhage, the most serious  complications, 
occur in 1% to 3% of patients, particularly in the second and third week of illness. Other complications include 
pneumonia, hepatitis, myocarditis, and meningoencephalitis.

 TABLE 15-3

Causes of Acute Diarrhea
Infection

Viral gastroenteritis
Bacterial enterocolitis

Overfeeding (infant)

Food poisoning

Systemic infection (e.g., urinary tract infection)

Antibiotics

Hyperthyroidism
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Salmonella species other than S. typhi produce an enterocolitis that is usually associated with contaminated 
food and drink. Th e onset of symptoms is usually abrupt with headaches, chills, and abdominal pain followed by 
fever, vomiting, and diarrhea. Th e stools may be bloody. Th e course usually lasts 1 to 7 days but may be  prolonged.

Shigella

Strains of Shigella can cause major damage to the distal colon and rectum. Th e clinical spectrum varies from 
mild, chronic diarrhea to an abrupt massive toxic process with a high mortality. Th e most common presentation 
involves abdominal cramps, fever, and vomiting. Diarrhea follows, often frequent with small volumes but mixed 
with blood and pus, associated with urgency and tenesmus. Meningismus and seizures often develop as a result 
of the presence of the neurotoxin produced by some strains of Shigella, and the organism can also be the cause of 
arthritis and the hemolytic-uremic syndrome. A high peripheral band count often accompanies this infection.

Yersinia enterocolitica

Y. enterocolitica causes diarrhea in infants and young children; most older children develop a right lower  quadrant 
mass or tenderness from acute ileitis or mesenteric lymphadenitis, which can mimic appendicitis or Crohn disease.

Clostridium diffi cile

C. diffi  cile (antibiotic-induced) colitis occurs when a patient’s enteric fl ora is altered by antibiotics, but can be 
seen in the absence of antibiotic use as well. Virtually all antibiotics are implicated, although the highest risk 
 occurs with use of ampicillin, cephalosporins, and clindamycin. Th e colitis, which may be associated with the 
formation of a pseudomembrane, can be quite severe. Marked protein-losing enteropathy and grave toxicity 
( often with a very high WBC count) may be seen. C. diffi  cile is found with greater frequency in those with 
chronic IBD, and is a recognized nosocomial infection. Standard testing is based on detection of the toxin 
 produced, rather than culture of the organism itself.

Management
Th e management of acute diarrhea should involve replacing fl uid and electrolyte losses. Oral rehydration has 
fewer complications than does intravenous rehydration, and is preferred for mild and moderate dehydration. As a 
rule, feeding should resume once rehydration has been accomplished. Specifi c guidelines for oral rehydration 
and refeeding have been published (http://www.cdc.gov/mmwr; Recommendations and Reports 52(RR16):1–16, 
2003). Most cases resolve without complications, and the use of peristalsis-reducing agents is contraindicated. 
Th e use of specifi c antibiotic treatments must be individualized, based on the identity of the organism and the 
underlying health of the individual. Th e major concerns with antibiotic treatment are (1) the emergence of 
resistant organisms that can worsen mild cases or (2) prolongation of the shedding state (a serious problem in 
nurseries and day-care centers).

C. jejuni infection is self-limited, so in most cases, no treatment is necessary. In severely aff ected patients, oral 
erythromycin diminishes fecal excretion of the organisms with a decrease in duration of symptoms. Salmonella 

enteritis is self-limited, and antibiotic therapy should be reserved for patients who are younger than 3 months 
of age, have bacteremia, or have salmonellosis while suff ering from chronic illness or  immunocompromise. 
 However, all patients with S. typhi (typhoid fever) should receive appropriate antibiotics. Shigellosis is self-
limited, but antibiotic treatment can be provided, as guided by organism susceptibility or concurrent recommen-
dations of the Center for Disease Control and Prevention (CDC) . A minority suggest restricting antibiotics to 
only the most severe cases. Although recent evidence indicates that the risk of hemolytic uremic syndrome is not 
increased by administration of antibiotics for E. coli O157:H7, there is also no benefi t from antibiotics in infec-
tion with this organism. In antibiotic-induced C. diffi  cile colitis, antibiotic therapy (as well as discontinuation of 
the off ending agent) is usually necessary. At the time of this writing, metronidazole (intravenous or oral) is the 
drug of choice for severe infections or those that do not respond to discontinuation of the off ending antibiotic, 
with oral vancomycin used for treatment failures. As with all bacterial gastroenteritides, the reader is advised 
to review the most recent antibiotic recommendations published by the CDC and the American Academy of 
Pediatrics (AAP).

CHRONIC DIARRHEA AND MALABSORPTION
Chronic diarrhea is defi ned as diarrhea lasting longer than 2 weeks. Chronic diarrhea may or may not be linked 
with nutrient malabsorption.
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Pathophysiology
Chronic diarrhea may be the result of disorders of the colon, small intestine, or both. Colonic dysmotility with 
normal small intestinal absorption of nutrients (as in irritable bowel syndrome [IBS]) causes nonbloody diarrhea 
in an otherwise healthy individual. Chronic infection (as in giardiasis) and celiac disease cause malabsorptive 
diarrhea. Severe intestinal mucosal damage from a variety of insults, such as allergic proctocolitis in infants or 
infl ammatory bowel disease (IBD) also results in this symptom. If the small intestinal mucosa is compromised, 
nutrient malabsorption and diminished growth can be expected.

Clinical and Laboratory Evaluation
History

Again, it is important to determine the frequency and consistency of the stool. In addition, it is essential to look 
at the child’s growth curve. Chronic diarrhea that aff ects growth must be evaluated fully. Impaired weight gain 
may be the result of nutrient malabsorption, or restriction of oral nutritive intake in an attempt by caregivers to 
treat the diarrhea.

Pediatric Pearl: Chronic diarrhea in toddlers with normal weight and length growth 
 velocity is unlikely to have a serious organic cause.
Pe
ve

Physical Examination

Th e physical examination is unlikely to help the clinician select a specifi c organic cause, and is most useful to 
 assess for signs of malnutrition. A protuberant abdomen associated with loss of subcutaneous fat (in the  buttocks 
and thighs) suggests malabsorption, and this can be best assessed by viewing the child from the side in a standing 
posture. Th ere is an interesting variety of clinical fi ndings associated with various mineral and vitamin defi ciencies, 
involving the skin, bones, and peripheral nervous system. Plotting weight for age and weight for length (BMI in 
those over 2 to 3 years old) is an additional way to determine underweight. Th ese can be falsely reassuring if 
edema exists, and should always be evaluated in context of the general nutritional appearance of the patient.

Laboratory Evaluation

Th e main infectious causes of chronic diarrhea are Giardia and C. diffi  cile, the detection of these is discussed be-
low.  Immunosuppressed patients require expanded infectious evaluation. Patients with colitis usually have frank 
or occult blood and WBC in the stool. If adequate intake of calories has been assured, all children with chronic 
diarrhea and poor weight gain receive a workup to rule out a malabsorption syndrome. Th e testing strategy 
should be individualized based on the prioritized diff erential diagnosis, formulated from the history and physi-
cal examination; one does not need to do every test in every patient with a malabsorptive condition. An acidic 
stool pH and the presence of reducing substances in the stool suggest carbohydrate malabsorption. A hydrogen 
breath test can measure lactose and sucrose malabsorption. A Sudan stain of the stool for fat is a screen for fat 
malabsorption; a more accurate picture can be obtained by a 72-hour fecal fat measurement combined with a 
concurrent diet record, allowing calculation of percent absorption of ingested fat. Abnormalities of fat-soluble 
 vitamins A, D, E, and protime to assess vitamin K status also suggest the possibility of fat malabsorption. 
 Serologic screening tests for celiac disease are available (see the following). Many workups lead to biopsy of the 
small intestine, which is of most help in diagnosing celiac disease, lymphangiectasia, abetalipoproteinemia, and 
intestinal infections such as giardiasis.

Differential Diagnosis (Table 15-4)
A frequent cause of bloody diarrhea in infants as well as of intractable diarrhea is cow’s milk and soy protein 
intolerance. Intolerant infants may develop enterocolitis, which manifests itself during the fi rst 3 months of life 
with vomiting, irritability, poor feeding, and diarrhea with blood-streaked stools. Often diarrhea with streaks 
of blood is the only manifestation, usually beginning between 2 days and 2 months of life. Symptoms usually 
resolve when the formula is removed. Th ere is a large percentage of cross-reactivity between cow’s milk and soy 
protein formula, so the use of a casein hydrolysate formula is advised. Cow’s milk intolerance may also be seen 
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 TABLE 15-4

Causes of Chronic Diarrhea

Common

Dietary
Overfeeding (infants)
Cow’s milk and soy protein intolerance (infants)
Excessive juice intake (toddlers)

Irritable bowel syndrome (including postinfectious diarrhea)

Constipation with encopresis

Infl ammatory bowel disease 

Celiac disease

Giardiasis

Clostridium diffi  cile infection

Carbohydrate malabsorption (lactose intolerance)

Intractable diarrhea of infancy

Cystic fi brosis

Uncommon

Immune defi ciency states (HIV, primary)

Malnutrition

Secretory tumors (neuroblastoma)

Intestinal lymphangiectasia

Abetalipoproteinemia

Intestinal pseudo-obstruction

Intestinal tumors

Anatomical causes
Blind loop
Short bowel syndrome
Hirschsprung disease

Pancreatic insuffi  ciency (exocrine)

Eosinophilic gastroenteritis

in breastfed infants, due to the presence of cow’s milk in the maternal diet. Other items in the mother’s diet that 
can produce this problem are eggs and soy.

In small infants, a cause of chronic diarrhea is a disorder known as intractable diarrhea of infancy. Th e 
term signifi es diarrhea in infants younger than 6 months of age that is associated with diff use mucosal injury 
lasting longer than 2 weeks; the condition is often accompanied by malabsorption and malnutrition. Intractable 
diarrhea of infancy is most often the end result of several diff erent disease entities, including infectious enteritis 
potentiating cow’s milk and soy protein intolerance. Less often seen are Hirschsprung enterocolitis, microvillus 
inclusion disease, autoimmune enteropathy, congenital transport defects (e.g., congenital chloridorrhea), and 
congenital carbohydrate malabsorption. Treatment of intractable diarrhea, regardless of the initial cause, is based 
on aggressive nutritional therapy, preferably via an enteral route. Th is usually involves the use of a peptide- or 
amino acid–based formula, which in severe cases can be administered by continuous drip via nasogastric tube to 
optimize nutrient absorption.
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Th e most common cause of chronic diarrhea in children between 6 months and 3 years of age is IBS 
(“ toddler’s diarrhea”). Because this is caused by more rapid colonic motility rather than small intestinal disease 
or infl ammation, these children feel well, and grow well as long as their diets are not calorically restricted. Some 
may pass intact pieces of vegetable matter such as carrots, corn, and peas in the stool; incomplete chewing 
 combined with rapid transit accounts for this. 

Many parents recall the danger of dehydration in infantile infectious diarrhea, and provide these children 
with excessive clear sweetened liquids, which tends to exacerbate the diarrhea on an osmotic basis. Infection 
with the protozoan Giardia lamblia warrants consideration in young children. Transmission occurs through 
 person-to-person contact or through ingestion of contaminated food and water. Giardia adheres to the  microvilli 
of the proximal small bowel and may lead to a variable clinical picture. Aff ected children may range from asymp-
tomatic; to those with low-grade diarrhea and abdominal distension; to those with profound anorexia, weight 
loss, and malabsorption. Stool examination for ova and parasites may be normal in as many as 50% of patients, 
but testing for Giardia antigen in the stool is more sensitive. C. diffi  cile should be considered in children who 
have recently received antibiotics or who have IBD, and standard testing is for toxin produced by the organism, 
rather than culture of the organism itself.

Chronic diarrhea in toddlers may also represent the initial symptoms of primary malabsorption diseases. Th e 
overwhelming majority of children with malabsorptive disorders have cystic fi brosis, giardiasis, or celiac disease. 
In Celiac disease there is an immune-mediated pathologic response to gluten exposure. Th e �-gliadin fraction of 
gluten appears to induce an infl ammatory reaction in the small intestine of genetically predisposed patients. Th is 
process results in a fl attening of the villi and a deepening of the crypts. After gluten has been introduced into the 
diet (usually after 6 months), patients present with anorexia,  irritability, weight loss, and failure to thrive. Diarrhea 
usually develops after signifi cant growth failure. In some cases,  diarrhea is not present, and children may manifest 
symptoms of constipation or protein-losing enteropathy. With newer screening modalities for celiac disease, it is 
now known that many aff ected individuals have none of the classic symptoms. Celiac disease is also found with 
greater frequency in children with type 1 diabetes, trisomy 21, and immediate family members of an individual 
with the disorder.

Although suspicion is raised by a positive screening blood test, duodenal biopsies are necessary to 
 establish the diagnosis. Th e currently recommended screening test is the tissue transglutaminase (tTG) IgA, 
which, if elevated, leads to duodenal biopsy. Many practitioners also order a total IgA level as well, as if the 
individual is total-IgA defi cient, a normal tTG IgA is not defi nitive. In that case, other screening tests or 
duodenal biopsies will be the next step. Treatment of celiac disease is total gluten avoidance for life. Th is 
includes oats, which are often processed on the same machinery used to process gluten-containing grains. 
Patients should confer with a registered dietician to be sure they are avoiding the hidden sources of gluten in 
a wide variety of products.

Management
Management of the various causes of chronic diarrhea and malabsorption are disease-specifi c. Where the cause 
is a food or food component, elimination is the fi rst step in successful management. Treatment frequently leads 
to a cessation of the diarrhea and a marked improvement in weight gain and acceleration in linear growth.

VOMITING AND GASTROESOPHAGEAL REFLUX
All children have gastroesophageal refl ux (GER), especially as infants, and infantile refl ux is often very apparent 
as “spitting up.” Diff erentiating refl ux (GER) from gastroesophageal refl ux disease (GERD) is based on deter-
mination of whether the symptoms are compatible with the child’s age, whether the symptoms are following the 
normal course for infants, and whether complications are present. Complications of GERD in infants include 
failure to thrive, esophagitis, respiratory disease, and (rarely) apnea. Guidelines for the evaluation and manage-
ment of pediatric GER have been developed by the North American Society for Pediatric Gastroenterology, 
Hepatology and Nutrition (NASPGHAN) (http://www.naspghan.org).

Pathophysiology
Vomiting is the forceful, eff ortful ejection of gastric contents. It is important to remember that vomiting is 
controlled by the medullary emesis center in the fl oor of the fourth ventricle, which may be aff ected by GI 
or non-GI stimuli. GER, on the other hand, is the eff ortless regurgitation of gastric contents. However, it 
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may be projectile. Transient relaxations of the lower esophageal sphincter unrelated to swallowing appear to 
cause GER. Other implicated factors are diminished lower esophageal tone, large hiatal hernias, and delayed 
gastric emptying. Many infants have some degree of GER, but only a small percentage has complications 
(Table 15-5).

Clinical and Laboratory Evaluation
History

It is critical to diff erentiate between vomiting (eff ortful) and GER (eff ortless) on the basis of history. Th e vast 
majority of infants with GER do well with time or conservative management. Vomiting, on the other hand, 
deserves serious evaluation if it is atypical, intractable, or contains blood or bile. When refl ux is suspected 
as the cause of emesis, the next step is to ask questions which will reveal the presence of the complications 
mentioned above. In infants we want to know whether growth has been normal, whether there has been 
chronic lung disease or apnea, whether the infant is in pain or arching, and whether blood has been seen in 
the emesis. Most normal infants spit up at their highest frequency between the ages of 4 and 6 months; after 
that the regurgitation gradually declines, resolving by the age of 1½ years. If this is not the pattern, a workup 
is indicated, even in the absence of complications. In older children, typical symptoms of heartburn may be 
reported.

Physical Examination

Growth parameters, especially weight for age and weight for length, must be assessed. Abdominal disten-
sion suggests obstruction as a cause of vomiting, although absence of distension can be seen when the level of 
obstruction is high. Palpation of an “olive” in the epigastrium or just to its right suggests hypertrophic pyloric 
stenosis. A good neurologic examination may be of help in guiding the physician to a central nervous system 
(CNS) cause for  chronic vomiting, and in infants, the fontanelle should be assessed. Erosion of dental enamel 
can be due to GERD. 

Laboratory Evaluation

In the infant with the typical presentation of GER and no evidence of complications, no laboratory investiga-
tion is necessary. Parents may be reassured and the infant should be followed clinically. If “warning signs” such as 
poor growth, chronic lung disease, or hematemesis are seen, further testing must be done. At all ages, vomiting 
(and the concomitant failure to eat) can be caused by metabolic acidosis. If a child with vomiting has a metabolic 
alkalosis (often with hypochloremia), it is essential to consider gastric outlet obstruction (e.g., hypertrophic 
pyloric stenosis). Electrolyte studies should be normal in GER.

In infants with emesis and a refl ux complication, a barium upper GI series will assess for the presence 
of anatomic abnormalities. Th e barium study is not an accurate test for refl ux, however, being both insensitive 
and nonspecifi c. Esophageal pH monitoring evaluates the degree of esophageal acid exposure and shows any 

 TABLE 15-5

Complications of Gastroesophageal Refl ux
Failure to thrive

Esophagitis
Chest pain, heartburn pain
Bleeding and anemia
Strictures
Barrett esophagus (premalignant)

Respiratory diseases
Chronic cough
Asthma exacerbation
Aspiration pneumonia
Nocturnal cough

Apnea (infants)
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 association in time between symptoms (such as respiratory ones or heartburn) and refl ux events. Esophageal 
impedance monitoring detects both acid and nonacid refl ux, and at the time of this writing is most useful for 
correlating symptoms with refl ux events. Both these modalities usually cover a 24-hour period. Technetium-
99m (99mTc) scan of gastric emptying may be rarely be useful to detect delayed gastric emptying, but is not 
recommended for routine GERD evaluation. In cases of blood loss, anemia, chest pain, and dysphagia, endos-
copy and esophageal biopsy is usually indicated. Before deciding on a test, it is important for the clinician to 
know whether the test being considered is capable of answering the questions relevant to the patient’s particular 
presentation.

Differential Diagnosis
In neonates, clinicians should view vomiting (especially if bile stained) with alarm; it suggests a congenital mal-
formation causing obstruction or sepsis (see Congenital Gastrointestinal Anomalies and Intestinal  Obstruction). 
In infants, vomiting most frequently results from infectious gastroenteritis, but overfeeding, systemic infections, 
and pyloric stenosis (2 to 6 weeks of age) warrant consideration. In addition, vomiting may be the fi rst manifes-
tation of inborn errors of metabolism and the adrenogenital syndrome. In children and adolescents, gastroen-
teritis most commonly causes vomiting, but toxic ingestions and systemic infections are possible.

In individuals of all ages, vomiting, especially if chronic or recurrent, may be nonintestinal in etiology. 
It is critical to consider increased intracranial pressure as a cause of vomiting. Brain tumors, hydrocephalus, 
and CNS bleeding, as well as seizures and migraine headaches may manifest as vomiting. Metabolic derange-
ments, especially metabolic acidosis, may cause vomiting, as in salicylate poisoning and diabetic ketoacidosis. 
Vomiting may also result from psychogenic causes, including bulimia. Of course, chronic vomiting may have 
a GI origin, such as achalasia, peptic ulcer disease, IBD, and late-onset intestinal obstructions (such as from 
adhesions). Cyclic vomiting syndrome causes episodes of intense nausea and vomiting lasting hours to days, 
followed by completely symptom-free periods between these stereotypic episodes.

Emesis accompanied by esophageal-level dysphagia (the feeling of food getting “stuck”) raises the  possibility 
of eosinophilic esophagitis. In younger children, the dysphagia may not be apparent. Although upper GI series 
is usually done fi rst to look for obstruction, this diagnosis is made by the presence of excessive eosinophils in 
esophageal biopsies.

Management
Treatment of vomiting involves treatment of the underlying problem. In most cases of acute vomiting caused by 
gastroenteritis, no therapy is necessary beyond management of fl uid and electrolyte imbalances.

Treatment of infant GER must be individualized. In those of the appropriate age who have no complica-
tions, no treatment is necessary. Th ickening of formula with dry cereal has not proved to decrease refl ux, but 
may decrease emesis and consequent caloric losses. In formula-fed infants, a 2-week trial of a hypoallergenic 
formula may identify those for whom allergy is causing or exacerbating symptoms. Most clinicians suggest the 
use of position therapy, consisting of a 30-degree prone upright stance immediately after feedings, but infants 
should be positioned on their “back to sleep” to avoid increasing the risk of sudden infant death syndrome. Older 
children should avoid going to bed within 2 to 3 hours of eating, and should avoid large high-fat meals in the 
evening. In this age group, sleeping left-side-down or prone may be helpful. Medical therapy with prokinetic 
agents has limited effi  cacy, and these agents have signifi cant side eff ects. Acid-reducing medications, especially 
the PPIs, are highly eff ective in the treatment of esophagitis. In the older child or adolescent presenting with 
typical heartburn, an empiric 2- to 4-week trial of acid suppression is warranted. However, it is important to 
know that in a recent study of proton pump inhibitor (PPI) therapy in uninvestigated irritable infants, no 
 diff erence in response was seen compared to placebo. Th erefore, any empiric trial in this age group should be 
carefully considered; and if undertaken should be limited to 2 weeks.

Antirefl ux surgery, usually via a Nissen fundoplication, is reserved for patients with GER who have failed 
optimal medical therapy, are dependent on medical therapy over a long period, are signifi cantly nonadherent to 
medical therapy, or have life-threatening complications of refl ux. As complications of Nissen fundoplication are 
not uncommon, it is essential to exclude other non-GERD causes of the patient’s symptoms, and to educate 
the family about postsurgical expectations. For example, many adult patients continue to take acid-reduction 
medication postoperatively. Patients with severe neurologic disabilities, GER, and respiratory compromise stand 
to benefi t from antirefl ux surgery, but these patients are also more subject to complications. Another option in 
this group is slow gastrostomy drip feedings combined with acid-suppression medication.
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CONSTIPATION AND ENCOPRESIS
Constipation is common in infants and children. It involves the infrequent passage of hard stools, which can 
 require straining, produce anal pain, and cause bleeding from anal tearing. In talking with parents, it is  important 
to determine specifi cally what they mean when using the word “constipation.” For example, a normal breast-fed 
infant may pass a stool only once a week, but if it is soft and the child exhibits no other signs of disease, this is 
not considered pathologic. Healthy infants, a few months old, may for several weeks strain for 10 to 20 minutes 
before passing a normal-looking stool; this pattern is termed “infant dyschezia” and is believed to represent 
learning of the sensory and motor process of defecation, rather than constipation. Encopresis refers to fecal 
incontinence or soiling of the underwear with formed or semiformed stool by children older than 4 years of age. 
Fecal incontinence may occur with or without constipation. When it accompanies constipation, it is due to leak-
age around a mass of retained stool in the rectum. When it does not accompany constipation (a far less common 
situation), it is referred to as nonretentive fecal soiling, which usually has a psychologic or behavioral problem 
as the underlying cause. Some children exhibit a combination of the two phenomena. Criteria for childhood 
constipation, infant dyschezia, and nonretentive fecal soiling are part of the Rome criteria for functional GI 
disorders (http://www.romecriteria.org).

Pathophysiology
Beyond the neonatal period, the vast majority of children with constipation have simple constipation as a result 
of a functional dysmotility or from voluntary withholding. Sometimes the withholding may become more severe 
as a result of problems with toilet training, or fear of defecation secondary to prior painful stool passage. If the 
stool retention remains untreated for a prolonged period, the rectal wall stretches, the rectal vault enlarges, and 
the normal sensation of the urge to stool is impaired. Children with this condition usually claim that they have 
not experienced the urge to defecate, which is true. Nonambulatory neurologically impaired children are com-
monly constipated, presumably due to colonic dysmotility.

Clinical and Laboratory Evaluation
History

Evaluation of children with constipation must take into account the fact that most children have simple con-
stipation as an isolated problem. A good history, including a family history of constipation and IBS, aids in the 
diagnosis. Associated urinary symptoms may indicate urinary tract infection (for which chronic constipation is 
a risk factor), a behavioral or developmental element to the picture, or rarely a spinal cord abnormality.

Physical Examination

A physical examination noting muscle tone, rectal tone, abdominal contents, and rectal contents is important. 
A large rectal vault suggests chronic constipation. An anal fi ssure explains both pain with defecation and blood 
streaking of large fi rm stools. An anteriorally displaced anus with a posterior rectal shelf may make defecation 
diffi  cult. Th e older child with untreated Hirschsprung disease often appears malnourished.

Laboratory Evaluation

In routine cases of constipation, laboratory investigation is rarely necessary. In severe or long-standing  cases, 
screening for secondary urinary tract infection is prudent. In atypical constipation or in those in which 
Hirschsprung disease is under consideration, a workup is necessary.

Differential Diagnosis (Table 15-6)
Th e exclusion of Hirschsprung disease in the diff erential diagnosis of chronic constipation is important. 
Hirschsprung disease, or congenital aganglionic megacolon, is due to a congenital absence of ganglia in both the 
submucosal (Meissner) and myenteric (Auerbach) plexuses. It occurs in about 1 in 5,000 live births and can be 
associated with Down syndrome or other congenital anomalies. Th ere is a 4:1 male preponderance, but in long-
segment disease the ratio is diminished.

In Hirschsprung disease, the aganglionic segment is restricted to the rectum and sigmoid colon in the 
large majority (75%) of cases. Any length of bowel may be aff ected, however, ranging from the ultrashort seg-
ment (less than 1% of cases) to that of the entire colon, with or without small bowel involvement (8% of cases). 
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Functionally, there is sympathetic hyperactivity in the aff ected segment, leading to tonic contraction. Th e more 
proximal intestine is normally innervated and dilates in response to distal obstruction.

In 50% to 75% of cases, a diagnosis is made in newborns by the failure to pass meconium in the fi rst 48 hours 
of life, followed by abdominal distension and bilious vomiting. Th is condition accounts for 25% to 50% of all cases 
of neonatal intestinal obstruction. Dilation of the empty rectum by the fi rst examiner results in explosive expulsion 
of retained fecal material and decompression of the proximal bowel. However, symptoms of obstruction return 
without repeated irrigation of the colon. Diarrhea secondary to enterocolitis develops in 25% of untreated cases, 
and can be life-threatening. Hirschsprung disease enterocolitis can also occur after surgical treatment.

In cases where the involved segment is shorter, early obstruction is not seen. Th ese patients may resemble 
those with severe functional constipation, especially if unresponsive to consistent use of usually eff ective medica-
tion regimens.

In the diff erentiation of simple constipation from Hirschsprung disease, it is wise to remember that the urge 
to defecate or straining rarely occurs in Hirschsprung disease because stools are retained proximal to the anorec-
tum. Children with Hirschsprung disease rarely soil, and they pass small, ribbon-like stools (because they must 
pass the hypertonic, constricted aganglionic zone) unlike the very large stools often found in children with func-
tional constipation. In addition, the rectum is tight and narrow and almost always free of stool in children with 
Hirschsprung disease. In contrast, children with constipation or retention have a large rectal vault full of stool.

Th e diagnosis of Hirschsprung disease is based on rectal suction biopsy that demonstrates both an absence 
of ganglion cells in the plexus and hyperplastic sympathetic nerve fi bers. An increase in acetylcholinesterase 

 TABLE 15-6

Differential Diagnosis of Constipation
Functional constipation

Stool withholding, toilet phobia

Dietary
Breastfeeding (infrequent stools, not true constipation)
Low fi ber
Dehydration
Starvation
Excessive whole-fat cow’s milk

Painful defecation (fi ssure, trauma)

Sexual abuse

Celiac disease

Intestinal nerve and muscle disorders
Hirschsprung disease
Intestinal pseudo-obstruction

Anal atresia/stenosis/anterior displacement

Drugs (e.g., narcotics)

Neuromuscular causes
Hypotonia
Spinal cord lesions
Developmental delay with nonambulatory status
Myotonias

Metabolic causes
Cystic fi brosis
Hypothyroidism
Hypokalemia
Hypocalcemia/hypercalcemia

Infections (botulism, typhoid fever)
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 activity by histochemical staining helps confi rm the diagnosis. Anorectal manometry (failure of internal sphinc-
ter relaxation with rectal distension) and barium enema (evidence of a transition zone, delayed emptying) may 
be used as screening tests. Treatment is surgical.

Management
Medical treatment is indicated in functional constipation and stool withholding. Failure to treat may lead to 
an increase in problems and often results in further stool withholding and encopresis. In infants, a malt extract 
or lactulose added to the formula may be eff ective in the management of functional constipation. In toddlers, 
reduction of any excessive whole milk intake can improve motility. In older children, increasing fi ber, by either 
dietary or supplemental means, helps in milder cases; if necessary, laxatives such as polyethylene glycol 3350, 
mineral oil, and magnesium hydroxide are used. Polyethylene glycol 3350 is frequently used due to its ease of 
administration. All of these medications work best if given on a daily basis, with dose adjustments to produce at 
least one soft normal-sized stool daily, and gradually tapered after two or more problem-free months.  Stimulants 
such as senna may be added to the regimen if necessary. In some cases when there is a large amount of  retained 
stool in the rectal vault, large doses of polyethylene glycol 3350, enemas, or oral cathartics may be needed 
 initially. When these outpatient “clean-out” modalities are unsuccessful, polyethylene glycol  administration via 
nasogastric drip over several hours may be indicated.

In those old enough to toilet, a toileting schedule is created whereby the child sits either at their own 
optimal time of day or after each meal (to take advantage of the gastrocolic refl ex). Feet should be braced on a 
small stool if feet do not naturally reach the fl oor. A reward system can be created; for example, the child gets 
one star on the calendar for sitting and trying to stool and a second one if a stool is produced. Stars can add up 
to a privilege, and the calendar also serves as a record when brought to follow up medical visits. In toddlers who 
were in the process of toilet training when the problem began, or for whom the toilet has become associated 
with defecatory pain, it is better to wait until stooling has become easy and painless to reintroduce it.

Treatment failures of functional constipation are due to lack of initial removal of impaction, inadequate 
medication dosage, inconsistent medication administration, inappropriate medication discontinuation, lack of a 
toileting schedule, unaddressed psychologic factors, or inaccurate diagnosis.

ACID-PEPTIC DISEASE AND HELICOBACTER PYLORI INFECTION
Historically, acid-peptic disease referred to a variety of entities, including dyspepsia, gastritis, duodenitis, and ulcers 
of the proximal GI tract related to excess acid secretion. We now understand that infl ammation and disruption 
of upper GI tract mucosa can be due to a variety of specifi c causes, often creating endoscopically distinct lesions. 
Th e discovery of H. pylori and its role in ulcer disease had a dramatic eff ect on management of this particular 
 condition, but raised a variety of questions about the signifi cance of Helicobacter in the absence of ulcer disease.

Pathophysiology
Upper GI ulceration takes place when there is an imbalance between protective and assault forces on the mucosa. 
Th e known causes of ulcer disease are similar in children and adults: H. pylori infection and use of nonsteroidal anti-
infl ammatory drugs (NSAIDs). In many cases, however, neither of these conditions exists, although given the number 
of over-the-counter combination drugs, some taking NSAIDs are unaware of it. Patient in intensive care units with 
trauma, burns, sepsis, and organ failure are at risk for “stress ulcers,” which are often gastric. Crohn disease can be 
seen as ulcerations in the stomach, duodenum, and occasionally in the esophagus. High acidity conditions such as 
Zollinger-Ellison syndrome are extremely rare in children, as are ulcers associated with GI malignancy.

Clinical and Laboratory Evaluation
History

“Dyspeptic” abdominal pain is located in the upper abdomen (usually epigastrium), is made better or worse 
by eating, and can be accompanied by nausea, burping, regurgitation, and poor appetite. Th is presentation can 
be due to a functional disorder (described previously) or due to ulcer disease, and often the distinction  cannot 
be made without endoscopy. However, when the picture includes waking at night due to pain, GI  bleeding, 
or poor growth, an ulcer or gastritis is suspected, as these are not features of a functional disorder. Ulcer 
 disease may also be asymptomatic in children until unexpected bleeding (hematemesis, melena, or both) is 
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seen. Th e history of medication intake, specifi cally NSAIDs and over-the-counter combination remedies must 
be  included. Family history of ulcer disease is important, due to genetic factors as well as the potential for 
household spread of H. pylori.

Physical Examination

If the patient presents with bleeding, heart rate, capillary refi ll, blood pressure, and any pallor should be noted (see 
the following). In general, patients with ulcer disease may have tenderness on palpation of the epigastric region, 
or the abdominal examination may be normal. A rectal examination allows testing of stool for occult blood.

Laboratory Evaluation

Currently, the best way to evaluate upper intestinal infl ammation is via upper endoscopy with biopsies. Th is 
examination is simple and safe and allows for the diagnosis of all types of mucosal abnormality as well as biopsy 
identifi cation of Helicobacter. “Noninvasive” tests for H. pylori such as the stool antigen test and breath test do not 
allow this, and are not currently recommended as initial workup by NASPGHAN. Th is is because Helicobacter 

gastritis alone is associated with diff erent management and prognosis than is Helicobacter gastritis accompanied 
by ulceration. Th e serological tests for Helicobacter are unreliable.

Differential Diagnosis
When a patient presents with dyspeptic pain, the diff erential diagnosis includes gastritis (generalized or antral 
gastric infl ammation), ulcer disease (either duodenal or gastric), refl ux esophagitis, pancreatitis, biliary tract 
disease, Crohn disease, some parasites, and functional dyspepsia. Obviously some of these conditions have the 
potential to be seen with bleeding and some do not. As previously mentioned, functional dyspepsia is not ac-
companied by weight-gain failure, bleeding, or night waking. Pancreatitis is essentially ruled out by normal 
lipase and amylase. Biliary tract disease is suggested by right upper quadrant pain and tenderness, and can be 
investigated with blood tests and imaging directed at the liver and gallbladder.

Recurrent ulcer disease may be idiopathic. However, when ulcer recurrence is documented on  endoscopy, 
one should investigate for persistent/recurrent Helicobacter gastritis, unidentifi ed NSAID intake, and  hyperacidity 
states due to a high gastrin level.

Management
Upper GI diseases related to gastric acid respond well to H

2
 blockade or PPIs; ulcers are generally treated for 

6 to 8 weeks, although ulcer size and other factors infl uence this decision. When NSAID use is associated 
with ulcer disease, they should be discontinued and an alternative drug used if necessary. Th ere is no question 
that  Helicobacter should be eradicated when it is found in a patient with ulcer disease. Current initial treatment 
 regimens include two antibiotics and a high-dose PPI inhibitor. Treatment of isolated Helicobacter gastritis 
(without ulcer) is problematic. In many of these patients, Helicobacter is not the cause of their symptoms, and 
eradication does not lead to improvement. Treatment may be associated with medication side eff ects (often 
GI), and signifi cant emergence of resistant organisms is well documented. Th e decision of whether to treat in 
these cases should include a discussion with the child’s parents about possible outcomes. When there is a  family 
history of gastric cancer, one might be more motivated to treat. As treatment of nonulcer Helicobacter is an area 
where recommendations are in fl ux and where pediatric guidelines have diff ered from those for adults, the 
reader is encouraged to review the current literature for updates.

CONGENITAL GASTROINTESTINAL ANOMALIES AND INTESTINAL OBSTRUCTION
Neonates with GI anomalies often manifest signs and symptoms within hours or days of birth. Intestinal 
 obstruction is the most frequent and the earliest clinical presentation of many of these entities. Accurate and 
early diagnosis is critical to avoid many of the long-term complications of these problems.

Pathophysiology
Congenital anomalies of the GI tract and the abdominal wall are the result of developmental abnormalities or 
intrauterine insults. Th e physician should be aware of possible GI congenital anomalies and their relationship 
to other congenital problems.
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Clinical and Laboratory Evaluation
History

Immediately after birth, clinical clues about congenital anomalies resulting in intestinal obstruction can be 
gained by a history of polyhydramnios, a single umbilical artery, or meconium staining. Although intestinal 
obstruction is most frequently seen in association with congenital anomalies in the fi rst few hours/days of life, 
it may occasionally present later in childhood.

Pediatric Pearl: There is a great urgency to investigate any possibility of intestinal obstruction 
(bilious vomiting, abdominal distension) in neonates because obstruction may be associated 
with impaired blood fl ow to the affected segment of gut.

Pe
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Th e resulting ischemic changes may lead to catastrophic problems, with a loss of large areas of bowel and 
overwhelming sepsis.

Physical Examination

In the delivery room, several congenital problems such as omphalocele, gastroschisis, and imperforate anus are 
apparent on simple inspection. In addition, intestinal obstruction may be associated with other conditions such 
as cleft palate, skeletal deformities, and trisomy 21.

Laboratory Evaluation

Fetal sonography may reveal GI anomalies. When neonates present with obstruction, contrast radiographs can 
be used to identify the site, but this will be better delineated when the child undergoes surgery.

Differential Diagnosis
Intestinal obstruction may result from one or more conditions.

Omphalocele and Gastroschisis

An omphalocele is a congenital hernia involving the umbilicus, which is usually covered by a sac composed of 
the fused layers of amnion and peritoneum. Although there is a central defect in the skin and linea alba, the 
remainder of the abdominal wall is intact, including the surrounding musculature. A variable amount of viscera 
may herniate into this sac. Of aff ected patients, 35% have other GI defects, including malrotations; 20% have 
congenital heart disease; and 10% have Beckwith-Wiedemann syndrome (gigantism, visceromegaly, macro-
glossia, hypoglycemia, omphalocele). In addition, extrophy of the bladder, vesicoenteric fi stulae, or other renal 
abnormalities may be present. It is possible to miss a small occult omphalocele; therefore, the cord tie on the 
umbilicus should leave enough room to avoid damage to the viscera.

A gastroschisis is a full-thickness, complete abdominal wall defect, usually to the right of a normal um-
bilicus, and a sac never covers the extruded viscera. An omphalocele with a ruptured sac may be diffi  cult to 
distinguish from a gastroschisis. Of aff ected infants, 14% have an associated jejunoileal malformation (often 
an atresia), often with an abnormally short nonrotated midgut, but only 4% have an extraintestinal anomaly. 
Between 50% and 60% are premature.

Th e surgical management of an omphalocele and a gastroschisis and the associated prognosis depends on 
the size of the hernia, the presence or absence of a covering sac, and the severity of any associated anomalies. 
It is easy to repair a small omphalocele in the base of the umbilical cord with an intact membrane in a single-
stage procedure. In cases in which the defect is large or there is no intact membrane, the surgeon must use many 
creative techniques to achieve reduction of the extruded abdominal contents into the peritoneal cavity without 
compromising the viscera.

Umbilical Hernia

An umbilical hernia results from the incomplete closure of the fascia of the umbilical ring. If the defect is less 
than 0.5 cm, it is predicted that healing will occur spontaneously by 2 years of age. If the ring is between 0.5 and 
1.5 cm, healing is usually complete by 4 years of age. Surgical correction warrants consideration if the defect is 
larger than 1.5 cm at 2 years of age or if incarceration of viscera has occurred. Reducing the hernia by strapping 
a device (such as a coin) over the ring does not help the healing process.
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Meckel Diverticulum

Th e most common anomaly of the GI tract, Meckel diverticulum is a blind omphalomesenteric duct that results 
from persistence of the duct communication between the bowel and the yolk sac. Th e “rule of two” applies to this 
lesion. It is described as an antimesenteric outpouching of the ileum; about 2 feet (60 cm) from the  ileocecal 
valve and is present in about 2% of the population with a male predominance at 2:1. In the vast majority of 
cases, Meckel diverticulum causes no symptoms, but about 2% of cases are associated with complications, most 
occurring in children younger than 2 years of age. Ectopic GI and pancreatic tissue is seen in nearly 50% of cases, 
with 85% of the tissue being gastric.

Painless rectal bleeding (85%), intestinal obstruction (intussusception or volvulus, 10%) and pain  mimicking 
appendicitis (5%) are the most common problems encountered. Th e rectal bleeding is secondary to ulceration 
of the ileal mucosa adjacent to the ectopic gastric mucosa of the diverticulum. Th e bleeding can manifest as 
 recurrent occult blood to sudden, massive, wine-colored hemorrhage with shock.

Th e diagnosis of Meckel diverticulum is often made clinically by excluding other causes of painless rectal 
bleeding. Radionuclide imaging with 99mTc pertechnetate after enhancement with cimetidine or ranitidine 
may be helpful in identifying gastric mucosa in the diverticulum in as many as 85% of cases. A surgical wedge 
resection of the diverticulum is curative.

Diaphragmatic Hernia

A diaphragmatic hernia results from incomplete closure of the membranous pleuroperitoneal folds that  normally 
form the lateral and posterior aspects of the diaphragm. Th e last portions of the diaphragm to close are the 
posterolateral triangular canals, the foramen of Bochdalek, through which the great majority of hernias  occur. 
Between 80% and 90% of these are left-sided hernias, and 2% are bilateral. When the diaphragm is  forming, 
the midgut is rapidly elongating and returning from its extracoelomic position in the yolk sac. Th erefore, if 
there is a defect in the diaphragm, the gut takes the path of least resistance and enters the thorax. About 2% 
of d iaphragmatic hernias are associated with a retrosternal defect, the foramen of Morgagni. Th ese hernias are 
usually less severe because the retrosternal space is smaller, so less abdominal viscera can enter.

Th e majority of infants with diaphragmatic hernia manifest symptoms of respiratory distress in the  delivery 
room or shortly after birth as the herniated bowel fi lls with air. However, some patients may present later in life 
with symptoms of chronic cough or congestion. Survival correlates with the presence of other anomalies, liver 
herniation, and degree of pulmonary space compromise.

Esophageal Atresia and Tracheoesophageal Fistula

In the embryonic process, esophageal atresia and tracheoesophageal fi stula occur when the septation  between 
the ventral tube of the foregut and the dorsal esophagus develops abnormally. Th e clinical clues to the 
 diagnosis are polyhydramnios and excessive oral secretions. If these are present, a radiograph with a radiopaque 
 nasogastric tube inserted may be very helpful by showing the tube coiled or otherwise arrested in the blind 
esophageal pouch.

Between 35% and 40% of patients with tracheoesophageal fi stula have signifi cant associated anomalies, 
and in more than 50% of cases, there are more than two malformations. Th e VACTERL association consists 
of vertebral, anal, cardiac, tracheoesophageal, renal, and radial limb abnormalities. Most deaths in patients 
with tracheoesophageal fi stula are related to other severe abnormalities rather than to the tracheoesophageal 
fi stula itself.

Many subtypes of esophageal atresia and tracheoesophageal fi stula have been described. Th e most common 
variety of esophageal atresia (85% to 90%) is a blind proximal esophageal pouch with a distal tracheoesophageal 
fi stula. Th e next most common form (8%) is a proximal esophageal pouch without a tracheoesophageal fi stula. 
In both of these forms, coiling of the nasogastric tube occurs. Infants with tracheoesophageal fi stula without 
an esophageal atresia, the so-called H-type tracheoesophageal fi stula (4%), often present with chronic cough or 
choking while feeding.

Treatment of esophageal atresia and tracheoesophageal fi stula is surgical division of the fi stula and pri-
mary anastomosis of the esophagus. Th e survival rate in term infants without other abnormalities is greater 
than 90%. However, complications are common. Postoperative leaks occur in as many as 10% of all cases. 
Stricturing at the surgical anastomotic site often requires repeated dilatation. Most patients with esophageal 
atresia also have abnormal esophageal motility and are at risk for signifi cant GER, with complications of 
chronic esophagitis. Th is can be associated with increased stricturing at the surgical anastomotic site and/or 
recurrent pneumonia.
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Hypertrophic Pyloric Stenosis

Th e obstruction of the pylorus is the result of marked hypertrophy of the circular musculature of the pylorus. 
Hypertrophic pyloric stenosis occurs once in every 500 births, with a 4:1 ratio in favor of males. It appears to 
have both genetic and environmental causes, and to involve abnormalities of nitric oxide metabolism. Exposure 
to macrolide antibiotics, specifi cally erythromycin, in the fi rst 2 weeks of life is suspected as a potentiating factor. 
Familial cases occur in 5% of siblings and as many as 25% of children if the mother was aff ected.

Th e clinical manifestations of hypertrophic pyloric stenosis are projectile, nonbilious vomiting beginning 
at 2 to 6 weeks of life. It occurs only rarely after 4 months of age. Th e frequency of the vomiting is variable at 
fi rst and may be lessened by frequent feeding of small volumes, especially of clear liquids. Th e vomiting becomes 
more severe and projectile as the gastric outlet becomes more obstructed. Palpation of the pyloric mass or “olive” 
is diagnostic. Th e mass is palpable to the right of the umbilicus; it is best felt during a feeding, just after vomiting, 
or with the child held prone. A visible upper abdominal peristaltic wave can sometimes be observed.

Laboratory results are often normal early in the course of disease, but in severe or protracted cases, a 
characteristic hypokalemic, hypochloremic metabolic alkalosis (due to the composition of gastric fl uid lost in 
emesis) occurs, associated with malnutrition and dehydration. If clinical or laboratory results are inconclusive, 
abdominal ultrasound or an upper GI series are helpful; the former is preferred as it avoids radiation exposure.

Pediatric Pearl: Hypertrophic pyloric stenosis is occasionally associated with mild, unconju-
gated hyperbilirubinemia.
Pe
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Treatment of hypertrophic pyloric stenosis consists of nasogastric decompression and correction of fl uid 
and electrolyte abnormalities. Pyloromyotomy is curative and associated with a very low mortality, and recovery 
is usually rapid.

Anomalies of the Small Intestine

duodenal anomalies. Duodenal obstruction, which results from atresia (40% to 60%), stenosis (35% to 40%), 
or a web (5% to 15%), manifests as a high intestinal blockage. Th e vast majority of atresias and webs are near or 
just distal to the ampulla of Vater. Atresia and web anomalies result from failure of the lumen to r ecanalize  during 
the 8th to 10th week of gestation. Duodenal atresia is associated with trisomy 21 (30% of cases),  prematurity 
(25%), and other anomalies (30%). Duodenal stenosis is most often due to extrinsic duodenal obstruction such 
as annular pancreas, peritoneal bands, or ectopic pancreatic tissue.

Clinically, aff ected infants present with bilious vomiting on the fi rst day of life, without abdominal 
 distension. High-grade duodenal obstruction is very clearly seen on an abdominal radiograph as a typical 
“ double bubble” sign, which is actually distension of the stomach and duodenum. Treatment is a surgical bypass 
of the obstruction, except for webs (the “wind sock” deformity), which involves surgical resection.
jejunoileal anomalies. Jejunoileal atresia, which is more common than duodenal atresia (2:1), most often 
results from an impaired vascular supply. Ileal atresia occurs much more often than jejunal atresia. Atresias are 
15 times more common than stenoses. About 50% of cases have an associated major malformation, including 
malrotation, Down syndrome, or cystic fi brosis.

Infants with small bowel atresia distal to the duodenum have bilious or fecal vomiting and abdominal 
distension. An abdominal radiograph shows dilated loops of bowel, often with air-fl uid levels. A barium enema 
may reveal an unused, small colon (microcolon), particularly with very distal small bowel obstructions. An oral 
barium small bowel study is contraindicated in the presence of a complete obstruction.

Meconium ileus is a common cause of neonatal intestinal obstruction. Th is defect is the earliest man-
ifestation of cystic fi brosis, occurring in 10% to 15% of patients with the disease. Patients with the defect 
 almost certainly have cystic fi brosis, although there have been reports of meconium ileus without cystic fi brosis. 
 Meconium ileus should not be confused with meconium plug syndrome, a relatively mild condition  associated 
with  inspissated rubbery meconium that plugs the distal colon and rectum. Most patients have no further 
 problems, but it is necessary to rule out Hirschsprung disease, cystic fi brosis, and hypothyroidism.
malrotation and midgut volvulus. Malrotation and other disorders of intestinal fi xation ranks as the sec-
ond most common cause of neonatal intestinal obstructions, just behind intestinal atresias.  Malrotation of the 
small bowel is due to abnormal movement or rotational arrest of the intestine around the superior  mesenteric 
artery when the midgut returns to the coelomic cavity via a 270-degree counterclockwise rotation. Th e result is 
an abnormal mesenteric fi xation of the small intestine and cecum, with obstructive bands.
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Nonrotation of the midgut is often a fi nding in omphalocele, gastroschisis, and diaphragmatic hernias. 
Malrotation or incomplete rotation may produce duodenal obstruction, volvulus, and internal hernias. Less 
acute presentations usually occur after 1 month of age and may manifest as chronic intermittent  obstruction, 
 malabsorption, protein-losing enteropathy, or recurrent pain and vomiting. However, more than 50% of  cases 
present as high intestinal obstruction (a midgut volvulus) in the fi rst week of life, with bilious vomiting, 
 distension, and some bleeding. Cases presenting later with bilious vomiting run the risk of being confused with 
acute  gastroenteritis, with the disastrous consequence of large-scale small intestinal necrosis.

It is possible to make the diagnosis by a barium enema that shows the cecum in the right upper quadrant, 
or by an upper GI series that reveals an abnormal duodenal sweep with the ligament of Treitz absent or in an 
abnormal position.

Pediatric Pearl: Midgut volvulus is an absolute surgical emergency, and all haste should be 
extended to make the diagnosis in order to avoid bowel ischemia and intestinal perfora-
tion. Any undue delay in making the diagnosis frequently results in massive bowel resection 
and “short gut” syndrome.
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enteric duplications. Enteric duplications occur throughout the GI tract. Th eir etiology is unclear. Ileal du-
plications are the most common, and gastric duplications are the rarest. Small bowel duplications  often contain 
gastric mucosa, and a technetium radio imaging study may be useful in making the diagnosis. Th e  lesions may 
be asymptomatic, but most seem to cause problems eventually. Complications can be bleeding from the ectopic 
gastric mucosa, bacterial overgrowth and malabsorption from a communicating duplication (a blind loop), and 
obstruction from a noncommunicating duplication cyst. Treatment is surgical resection.
anorectal anomalies/imperforate anus. Anorectal anomalies arise from incomplete division of the cloaca 
by the urorectal septum or incomplete convergence of the anal tubercles around the end of the hindgut. Th ese 
malformations, which occur in 1:4,000 to 1:5,000 births, mostly aff ect full-term, appropriate-for- gestational 
age infants; there is a slight male preponderance. In two-thirds of the cases, these malformations are associated 
with other anomalies. Th e other systems most commonly aff ected are the vertebral column, the CNS, and the 
genitourinary system.

Inspection of the perineum is helpful in most cases. Th e imperforate anus should be obvious to the naked 
eye. Meconium may be seen emerging from the vagina, urethra, or from a pinpoint anal opening. In infants with 
an anal membrane, no meconium is passed, but a greenish bulging membrane may be seen.

Th ere are multiple subtypes of anorectal anomalies in essentially two major groups: the supralevator (high) 
imperforate anus and the translevator (low) imperforate anus. Th is classifi cation is based on the location of the 
blind pouch. Th at is, high pouches, which are more common (75%), are at or above the puborectalis sling (supra-
levator), and low pouches are below the sling (translevator). In both groups, the rectal pouch may end blindly or 
communicate by a fi stula with a nearby viscus or the perineal skin. Th e vast majority of fi stulas are present only 
in cases of high imperforate anus, and involve the urinary tract in males and the genital tract in females. Infants 
with a low pouch may exhibit a perineal bulge when crying or have a perineal fi stulous aperture.

Contrast radiographs of the fi stula or instillation of contrast into the rectum should allow delineation 
of the defect. Sonography and CT may also help defi ne the blind pouch. Treatment is surgical except in anal 
stenosis, in which simple dilation is adequate. Fecal continence is achieved in more than 90% of children with 
low pouches, but in only 30% to 70% of those with high pouches.
inguinal hernia. Th e incidence of inguinal hernia is highest in the fi rst year of life with a peak in the fi rst 
month of life. Th ey are more common in premature infants, and boys are aff ected more often than girls. Th e 
majority of inguinal hernias occur on the right side, with bilateral hernias frequently seen.

Inguinal hernia occurs when a patent processus vaginalis contains some portion of the abdominal viscera. 
During development, a peritoneal sac precedes the testicle as it descends from the genital ridge into the scrotum. 
Th e lower portion of this sac (processus vaginalis) eventually envelops the testes and forms the tunica vaginalis 
and the rest of the sac regresses. In almost 50% of children, the processus vaginalis remains patent, and in some, 
abdominal contents become trapped.

Th e symptoms of an incarcerated hernia are abdominal pain, irritability, and vomiting. If there are ischemic 
changes, pain increases and the vomiting may become bilious, which indicates that there is intestinal obstruc-
tion. Inguinal hernia presents as a bulge in the groin that often extends into the scrotum. If a child is relaxed and 
not crying, usually the hernia reduces either on its own or with manual manipulation by the clinician.
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Initially, nonoperative management of an incarcerated inguinal hernia without strangulation is appropriate. 
After hernia reduction, which occurs in the vast majority of children, elective surgical repair should take place 
within 48 hours. However, if an inguinal hernia does not reduce spontaneously, repair is essential because of the 
high risk of irreducible incarceration and strangulation, especially in the fi rst few months of life. If strangulation 
occurs, infarction of the contents of the sac results, and an abdominal catastrophe ensues.

GASTROINTESTINAL BLEEDING
Bleeding can occur at any location in the GI tract, and the diagnosis depends to a large extent on the patient’s 
age, whether the blood is vomited or passed per rectum, the magnitude of the bleeding, and the color of the 
blood. Because GI hemorrhage can be so frightening to the child and the family, a calm and logical approach to 
the diagnosis and treatment of the bleed is warranted. In large-scale bleeding, stabilization must take place prior 
to diagnostic testing. In the great majority of cases, bleeding in children is of a smaller scale, is easy to control or 
stops spontaneously, and a cause is determined.

Pathophysiology
Hematemesis is the vomiting of blood. Th e blood is either bright red or “coff ee ground” in appearance if it has 
been altered by gastric acid. Hematemesis implies that the site of bleeding is proximal to the ligament of Treitz, 
but may also refl ect swallowed blood from the nose or mouth. More voluminous bleeding from the upper GI 
tract, appears per rectum as black or “tarry” stool (i.e., melena). Th e melenotic stool is coal-black, shiny, sticky, 
and frequently foul smelling. Hematochezia is the passage of bright red or maroon-colored blood in or on the 
stool. Th e site of this bleeding is usually in the distal small intestine or colon, but profuse upper GI bleeding can 
cause hematochezia due to rapid transit. Occult GI bleeding suggests signifi cant, continuing blood loss in the 
absence of a visible change in the color of the stools.

Clinical and Laboratory Evaluation
Th e physician approaching a child with a presumed GI bleed must fi rst be sure that blood is actually  present. 
Drinks such as Kool-Aid, gelatins, beets, tomato sauces, and certain antibiotics mimic hematochezia, and 
 bismuth compounds, iron supplements, charcoal, and spinach simulate melena.

History

Parents tend to overestimate the severity of the blood loss for two reasons: (1) they are anxious and (2) small 
amounts of blood mixed with toilet water may appear copious. Th e character of blood loss is important. Because 
hematemesis implies that the bleeding is proximal to the ligament of Treitz, a history of epistaxis, hemoptysis, 
or oropharyngeal trauma may preclude the need for a GI workup. Bright red blood, which appears only on the 
toilet paper, in the toilet water or on the surface of the stool suggests anorectal pathology (e.g., anal fi ssure, 
distal polyp, proctitis). Th e diff erential diagnosis of bloody diarrhea is quite diff erent from that of hematochezia 
accompanied by formed or fi rm stool. Anal pain is more frequently reported when a fi ssure is present. Tenes-
mus (the uncomfortable urge to defecate what turns out to be small amounts of loose stool) suggests proctitis. 
Abdominal pain accompanies some causes of hematochezia (e.g., intussusception, IBD) and is less common in 
others (colonic polyps, Meckel diverticulum). Some causes of GI bleeding are associated with larger, destabiliz-
ing bleeds; and other conditions characteristically produce only small amounts of bleeding. Th e light-headed 
patient is more likely to have bled signifi cantly. True melena usually produces a strong, foul odor.

Past medical history may also be contributory. Evidence of fever (enterocolitis); family pathology (polyps, 
bleeding diathesis, family polyp syndromes or IBD); ingestions of drugs, dyes, undercooked meat, or foreign 
bodies; systemic illnesses (liver disease, collagen vascular disease, IBD, GER); or prior symptoms of trauma, 
colicky pain, weight loss, or constipation with defecation can be extremely helpful.

Physical Examination

In cases of large-scale bleeding one must assess the degree of hemodynamic stability, and initially stabilize 
the patient if necessary, before pursuing the specifi c diagnosis. Heart rate, capillary refi ll, blood pressure, and 
observation for pallor are basic tools for this. Evaluation of the skin and mucous membranes for signs of 
 Peutz–Jeghers syndrome, oral ulcerations, angiomata, jaundice, or evidence of bleeding disorders is  warranted. 
Careful  examination of the abdomen is important. Hepatosplenomegaly may indicate portal hypertension 
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(and variceal bleeding) or sepsis, whereas an abdominal mass may suggest intestinal duplication or intussuscep-
tion. Anal  examination may reveal a fi ssure or evidence of Crohn disease. Th e rectal examination allows both 
visual inspection of the stool and testing for occult blood.

Laboratory Evaluation

A Hemoccult test is essential, and if positive, it is appropriate to eliminate extraintestinal sources of bleeding 
such as nose, mouth, pharynx, and vagina. If signifi cant lower GI bleeding is present, insertion of a nasogastric 
tube and aspiration of fl uid may reveal an upper source and have a major impact on the diagnostic approach. 
If the nasogastric tube aspirate is positive, the bleeding is almost surely proximal to the ligament of Treitz.

If the nasogastric aspirate is positive or the child has hematemesis, an upper endoscopy is the procedure of 
choice; this establishes the source in more than 90% of cases. Exceptions to this plan would be cases in which an 
obvious source of swallowed blood is found, or when small amounts of blood are vomited after repeated  retching/
vomiting, such that a Mallory-Weiss tear is suspected. Ordering a CBC, primarily for the hemoglobin and 
 hematocrit, will establish a baseline in cases of signifi cant bleeding, but it is important to remember that subse-
quent hemodilution occurs when intravenous fl uids are administered. If a bleeding disorder is suspected, one also 
wants to know the platelet count and results of coagulation studies; in addition, with large-scale bleeds an acquired 
 coagulopathy can develop due to loss of clotting factors. A type and cross-match should be sent unless the amount 
of bleeding is minor. Endoscopy is necessary in children with active bleeding and known esophageal varices because 
lesions other than varices may be the source of the bleeding and because varices can be treated endoscopically.

Th e specifi c testing strategy when blood loss is via the rectum depends on construction of a prioritized dif-
ferential diagnosis list, based on information obtained from history and physical examination. For example, with 
small amounts of painless bright red blood per rectum unaccompanied by diarrhea or anal fi ssure, the fi rst test 
may be a colonoscopy; while in the appropriate-aged child with larger amounts of maroon blood and no pain, 
a Meckel scan might be chosen fi rst. Barium studies are rarely helpful in the diagnosis of GI bleeding, and may 
interfere with the more productive endoscopic procedures. An exception is in intussusception, in which a barium 
enema is also usually curative (See Intussusception which follows). If a chosen test is negative, one should repri-
oritize the diff erential diagnosis to decide on the next move. Other tests that are useful in specifi c situations are 
capsule endoscopy, tagged RBC nuclear scan, angiography, and laparoscopy.

If the blood is admixed with the stool and associated with abdominal pain or diarrhea, consideration of 
IBD, infectious or allergic colitis, or vasculitis is warranted. Appropriate blood (e.g., CBC, ESR, CRP) and stool 
studies (WBC, culture, C. diffi  cile toxin) are selected prior to endoscopy.

In a totally asymptomatic child who presents with occult blood in the stool and anemia, a thorough workup 
may be indicated. A Meckel scan is often done initially, followed by upper and lower endoscopy, and capsule en-
doscopy if feasible. If the entire workup is negative and signifi cant rectal bleeding persists or recurs, an exploratory 
laparotomy may be indicated. A laparotomy in this situation most often reveals a Meckel  diverticulum. Other 
possible diagnoses include intussusception, small bowel tumors, duplications, and vascular lesions of the bowel.

Differential Diagnosis: Etiology by Age (Table 15-7)
Newborns (Birth to 1 Month)

GI bleeding in neonates diff ers from that in older children. Several causes are very specifi c to this age group. 
Considerable hematemesis in the fi rst 1 to 2 days of life can result from hemorrhagic gastritis or stress ulcers, 
caused by a perinatal insult such as hypoxia, sepsis, or a CNS lesion that renders the gastric mucosa vulnerable 
to the eff ects of the relatively high gastric acidity in newborns. Other frequently recognized causes of neonatal 
bleeding are hemorrhagic disease of the newborn and anal fi ssures. Another source of GI bleeding in neonates 
is swallowed maternal blood, which may appear as hematemesis or even massive dark rectal bleeding. Th e Apt 
test readily provides a diagnosis. Th is test diff erentiates fetal from maternal blood by adding sodium  hydroxide 
to a supernatant of the blood. Fetal blood remains pink due to the alkaline resistance of fetal hemoglobin, 
whereas adult hemoglobin changes to a brown color.

Necrotizing enterocolitis in preterm or stressed infants and enterocolitis secondary to Hirschsprung  disease 
may result in occult-to-moderate rectal bleeding (see Congenital Gastrointestinal Anomalies and Intestinal 
 Obstruction, Diff erential Diagnosis). Midgut volvulus associated with malrotation of the bowel is a grave emer-
gency that can produce melena or hematochezia. All three of these entities are life-threatening, and require rapid 
diagnosis and aggressive intervention with fl uid replacement, antibiotics, bowel decompression, or surgery.

Cow’s milk protein allergy may also manifest as occult or signifi cant rectal bleeding (see Gastrointes-
tinal Bleeding). Aff ected infants may also have diarrhea, vomiting, wheezing, atopic dermatitis, or rhinitis; 
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 TABLE 15-7

Differential Diagnosis of Gastrointestinal Bleeding

Upper Gastrointestinal Tract Bleeding

Conditions specifi c to neonates
Swallowed maternal blood
Hemorrhagic disease of the newborn
Hemorrhagic gastritic/stress ulcer

Acid related
Esophagitis
Gastritis/duodenitis
Peptic ulcers

Esophageal/gastric varices

Mallory-Weiss tear

Hematobilia

Swallowed blood (nasal/oral/pharyngeal)

Lower Gastrointestinal Tract Bleeding

Anal fi ssure

Enterocolitis
Necrotizing enterocolitis (premature infants)
Infection
 Bacterial
 Parasitic
 Viral (immunocompromised)

Allergic
Cow’s milk protein/soy protein intolerance (infants)
Eosinophilic gastroenteropathy

Infl ammatory bowel disease

Antibiotic-induced colitis (Clostridium diffi  cile)

Hirschsprung disease enterocolitis

Juvenile polyps and tumors 

Intussusception

Meckel diverticulum

Henoch-Schönlein purpura

Midgut volvulus

Hemolytic-uremic syndrome

Nodular lymphoid hyperplasia

Vascular malformations

Duplication (enteric cysts)

Autoimmune vasculitis

Trauma

Foreign body

Ischemia
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but the usual picture is that of a healthy looking, well-nourished infant with small streaks of bright red blood 
in a somewhat mucousy loose stool. Symptoms usually resolve with cessation of the cow’s milk formula, or 
removal of cow’s milk from the maternal diet in a breast-fed infant. If the child is refed with the off end-
ing protein, symptoms may recur within hours and can be associated with a peripheral leukocytosis with 
or without an eosinophilia. Cow’s milk–induced colitis can be diagnosed with even limited colonoscopy; 
biopsies show an infl ammatory reaction with a predominance of eosinophils. However, after excluding an 
active anal fi ssure and ruling out bacterial colitis with a negative stool culture, many parents and practi-
tioners choose a 2- to 3-week empiric diet change. If the bleeding persists a colonoscopy is performed. In 
formula-fed infants treatment involves changing to a casein hydrolysate formula (soy-based formulas often 
cross-react with cow’s milk protein when hematochezia is the manifestation of allergy and should not be 
used). Infants whose only symptom was hematochezia can usually be transitioned to cow’s milk at 1 year of 
age without diffi  culty.

Children

anal fissures. Anal fi ssures are the most common cause of nonmassive, bright red anal bleeding in children. 
Blood tends to streak the stool. Fissures usually result from the trauma of passing a large, hard stool, but they 
may occur in children who pass softer stools accompanied by frequently straining. Th ese fi ssures are usually pres-
ent in the midline. Rectal prolapse may also cause bright red rectal bleeding. Th is lesion is most often the result 
of constipation and straining, but it is necessary to rule out cystic fi brosis and parasitic infestation.
mallory-weiss tears. Mallory-Weiss tears consist of a laceration at the gastroesophageal junction that may 
extend through the muscularis mucosae. Th e tears, which are more often on the gastric side, follow  forceful em-
esis or repeated retching. Although blood loss is usually negligible, they may cause massive upper GI  bleeding, 
and are often diffi  cult to diagnose without careful upper endoscopy. Clinicians have reported the existence of 
Mallory-Weiss tears in children as young as 16 weeks of age. Bleeding usually stops spontaneously.
gastritis/stress lesions. Erosions of the intestinal mucosa may occur acutely following major trauma, burns, 
shock, or severe sepsis. Th ese lesions are superfi cial, multiple, and occur mostly in the fundus of the stomach. Th e 
pathogenesis of these lesions appears to involve a decrease in gastric mucosal protective factors combined with 
an increase in luminal irritants such as acid and bile.
acid-peptic disease (see Acid-Peptic Disease and Helicobacter Pylori Infection). Peptic ulcers may  present as 
hematemesis, melena, or both. About 25% of children with peptic ulcers present with GI bleeding.
portal hypertension and varices. Obstruction to portal venous fl ow leads to portal hypertension, with 
subsequent esophageal or gastric varices and splenomegaly with hypersplenism. Prehepatic portal vein ob-
struction usually follows neonatal events such as omphalitis or catheterization of the umbilical vein with sub-
sequent thrombus formation. Intrahepatic causes are usually secondary to cirrhosis, such as in cystic fi brosis 
or biliary atresia.

Th e risk of bleeding is more likely related to increased portal vein pressure and the diameter of the  varices, 
augmented by coagulopathy/thrombocytopenia if present. Excessive transfusion of these patients can  promote 
continued bleeding. If bleeding does not cease spontaneously, intravenous octreotide is given. Banding or 
 injection sclerotherapy is extremely eff ective in controlling variceal bleeding, but it is preferable to perform these 
procedures on an elective, rather than on an emergent basis. Balloon tamponade should only be performed when 
experienced personnel are present, due to high incidence of adverse outcomes otherwise. Emergency  surgical 
interventions for acute bleeding such as vascular shunting or esophageal transection with devascularization 
are associated with a high morbidity; it is essential to avoid them, if at all possible. However, elective surgical 
shunts are often considered when repeat bleeding occurs in a child whose underlying disorder will not be better 
 addressed by liver transplantation.
intussusception. Intussusception is the invagination or telescoping of one portion of the intestine into itself. 
Th e majority of cases occur in children younger than 2 years of age. Clinically, intussusception produces inter-
mittent, colicky abdominal pain interspersed with intervals in which the patient appears perfectly well. After 
several episodes of such pain, vomiting and blood per rectum may be seen, but it is important to note that intus-
susception may present in atypical fashion. Apathy and altered states of consciousness may be the only signs. 
Th is presentation makes diagnosis diffi  cult unless the clinician has a high index of suspicion.

Pathologically, the mesentery of the invaginated bowel becomes entrapped, causing venous compression 
and edema. Th is process continues until the tissue pressure exceeds arterial infl ow pressure, with resultant cessa-
tion of arterial circulation and ischemia.

Early in the progression of the intussusception, there may be few signifi cant fi ndings. Later, a mass, 
which is often sausage-shaped, may be palpable. Th e majority of intussusceptions involve the ileocecal  junction. 
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In  children older than the usual age range, one considers a “pathological lead point” which may be a polyp, 
Meckel diverticulum, enteric duplication, or (rarely) lymphoma. In the usual child from the common age group, 
no identifi able lead point pathology is apparent, but a variety of viral infections causing enlarged Peyer patches 
have been implicated. In Henoch-Schönlein purpura small bowel to small bowel intussusception can take place, 
probably due to the edema and hemorrhage in the intestinal wall creating a lead point.

Th e barium enema was the hallmark of diagnosis and treatment in the past; now the diagnosis is made 
with ultrasound in many centers, and reduction is done using air or saline with ultrasound guidance. If contrast 
is used, water-soluble contrast is preferred over barium in case perforation occurs. Hydrostatic reduction is suc-
cessful in about 85% of cases. Surgical intervention is necessary if there is evidence of peritonitis or perforation, 
or there is increased risk of these due to prolonged intussusception; if nonoperative reduction is incomplete; or a 
pathologic lead point is suspected on imaging. Recurrent intussusception following hydrostatic reduction occurs 
in about 5% to 10% of patients. Multiple recurrences can occur in the same patient, and in each occurrence the 
appropriate therapy is still enema reduction.
other causes of bleeding. Important causes of GI bleeding such as Meckel diverticulum and enteric du-
plications are described in previous section. In addition, many systemic diseases associated with vasculitis 
and microangiopathy may have GI bleeding as one of their manifestations. Henoch-Schönlein purpura, the 
most common vasculitis of childhood, may have rectal bleeding or hematemesis as part of its clinical picture; 
but the classic features are abdominal pain, nephritis, lower extremity and buttock purpura, and arthralgia. 
Th is IgA-mediated vasculitis leads to edema and hemorrhage into the GI wall, causing pain and bleeding. As 
mentioned previously, these areas of submucosal edema and hemorrhage may become the lead point for an 
 intussusception.

Bloody diarrhea may often be the presenting symptom of hemolytic-uremic syndrome. A verotoxin pro-
duced by E. coli 0157:H7, or the cytotoxin such as shiga produced by Shigella dysenteriae, may induce this 
microangiopathy. Th e GI symptoms of severe abdominal pain and bloody diarrhea may be secondary to the 
infection or may be related to thrombosis of intestinal blood vessels. Other features are thrombocytopenia, 
hemolytic anemia, and acute renal insuffi  ciency. Other vasculitic disorders such as collagen vascular diseases can 
cause lower GI bleeding, as can vascular anomalies of the GI tract.

Management
Treatment is disease specifi c (see Diff erential Diagnosis). Most often, physicians in GI and pediatric surgical 
subspecialties are involved in diagnosing the etiology and guiding the management of individual children.

INFLAMMATORY DISEASES OF THE BOWEL
IBD, which includes ulcerative colitis and Crohn disease, is a major cause of chronic pediatric GI disease. 
 Epidemiologic studies of IBD in children are limited. Th e incidence of IBD, which is highest in northwestern 
Europe and North America, is more common among whites than nonwhites. Males and females are equally 
aff ected. Susceptibility appears to be increased for Jews, especially those of a middle European background. 
 Researchers have clearly shown the family aggregation of IBD. At the time of diagnosis of either ulcerative 
colitis or Crohn disease, the chances of fi nding IBD in a fi rst-degree relative of the proband are 5% to 25%.

Pathophysiology
Despite great eff orts from many research groups, the specifi c etiology and pathophysiology of IBD are still 
unclear. To date, no convincing evidence implicates a viral, chlamydial, bacterial, or mycobacterial pathogen as 
the causative agent. However, it is possible that any or all of these agents may trigger the disease in genetically 
predisposed patients, those less able to “downregulate” an infl ammatory response. Defects in immunoregulation 
involving the gut-associated lymphoid tissue and the complex mixture of antigens and pathogens in the bowel 
lumen may play a major role in the development and progression of the diseases. In small subsets of patients, 
susceptibility genes have been identifi ed.

Chronic ulcerative colitis and Crohn disease are the major infl ammatory diseases of the intestine. Th ose 
aff ected frequently present as adolescents, but increasing numbers of children younger than 12 years of age have 
received these diagnoses, and there are several reports of patients under the age of 5 years.

Ulcerative colitis and Crohn disease have disease-specifi c diff erences but share many signs and symptoms. 
Ulcerative colitis is defi ned as a chronic infl ammatory process limited to the mucosal layer of the large intestine. 
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Crohn disease, on the other hand, is a chronic transmural infl ammatory process, involving noncaseating granuloma 
formation, which may involve any portion of the GI system from the mouth to the anus, frequently the ileum.

Clinical and Laboratory Evaluation
History

Abdominal pain and diarrhea are the most common complaints of children with IBD, both at initial diag-
nosis and at relapse. Th ese symptoms may be nocturnal and awaken the patient. Decreased oral intake is a 
(sometimes subconscious) consequence of pain or diarrhea after a eating. Th e history should include ques-
tions about poor growth, hematochezia, low-grade fever, fatigue, arthralgia, and oral ulcerations, as well as 
family history of IBD.

Pediatric Pearl: The occurrence of nocturnal pain and diarrhea that awakens the 
patient helps distinguish IBD from IBS, in which symptoms tend to occur only when the 
patient is awake.

Pe
pa
pa

Physical Examination

Children and adolescents with IBD may have a normal examination or a myriad of clinical manifestations, such 
as poor growth, pallor, cachexia, and pubertal delay. Findings that should alert the physician include perianal 
lesions, oral ulcerations (although these can also be viral in etiology), and rashes such as erythema nodosum. 
Th e abdominal examination may reveal a tender, indistinct mass or “fullness” in the right lower quadrant in the 
child with Crohn disease.
gastrointestinal manifestations. Th e abdominal pain of IBD tends to be crampy, usually localized to the 
lower abdomen. Th e diarrhea may be of variable volume with small volume stools often being accompanied by 
tenesmus or urgency. Th ese symptoms suggest active infl ammation in the distal rectosigmoid. Visible blood per 
rectum is suggestive of active colonic infl ammation in IBD, whereas Crohn disease of the small bowel is more 
frequently  associated with occult blood or no blood at all. In a subgroup of patients with IBD, blood loss may 
be brisk, causing severe anemia, hemodynamic abnormalities with orthostatic changes, and requiring aggressive 
intervention.
extraintestinal manifestations. An important part of the clinical picture of IBD is the wide range of ex-
traintestinal manifestations that can be seen in children with ulcerative colitis and Crohn disease (Table 15-8). 
Th e extraintestinal problems may present before the onset of intestinal symptoms or at any time after the diag-
nosis has been made.

It is important to remember that many patients with IBD, especially with small bowel Crohn disease, 
may present with more subtle fi ndings and have little or no intestinal fi ndings. Th e presentation may be one of 
poor growth and sexual retardation, fever of unknown origin, arthritis, perianal disease, or a seeming feeding 
 disorder. Anorexia is common and is frequently associated with inadequate intake of micro- and  macronutrients. 
In Crohn disease there may be early satiety with solid foods, refl ecting upper GI involvement.

Perianal lesions, which are by far the most common of the extraintestinal problems, are also the most 
 diffi  cult to treat. Th ese consist of fi ssures, large anal tags, fi stulae, and abscesses. Because these lesions may 
precede the classic signs and symptoms of IBD, it reinforces the importance of the clinician doing an adequate 
perianal evaluation in all children with unexplained GI illness.

Delayed growth and sexual maturation, which is common in Crohn disease, may be the most devastat-
ing part of IBD for adolescents. In contrast, growth retardation infrequently aff ects patients with ulcerative 
colitis. Severe linear growth retardation occurs in about 30% of children with Crohn disease and the growth 
impairment frequently antedates the diagnosis, may precede weight loss, and may be the earliest indicator of 
the disease.  Experts have attributed this marked growth delay to a combination of factors, including inadequate 
caloric intake, chronic infl ammation and hypermetabolism, excessive enteric protein loss, and some degree of 
malabsorption.

Fever, usually low-grade, occurs in 25% to 50% of children with IBD. It often has no discernible focus 
of infection, and may be a diagnostic and therapeutic dilemma. Anemia is common and usually results from a 
combination of blood loss and decrease in iron absorption.
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Although arthralgias are common, frank arthritis occurs infrequently in children and adolescents with IBD. 
Joint deformities, resulting from chronic infl ammation, are very rare in IBD and should suggest the possibility of 
another autoimmune disease such as rheumatoid arthritis or systemic lupus erythematosus. Aseptic necrosis of the 
hip is quite rare, even if the particular child or adolescent is undergoing chronic steroid therapy. Adolescents with 
IBD often complain of chronic lower back pain and tenderness. A few have sacroiliitis, but in most, diagnostic 
studies reveal no specifi c skeletal or joint abnormality, but signs and symptoms often remit with NSAIDs.

Liver involvement may take the form of sclerosing cholangitis in those with ulcerative colitis or mild 
 elevation of the transaminases in Crohn disease. Confounding this picture is the fact that some IBD  medications 
may have adverse hepatic eff ects.

Hypoalbuminemia, which is almost always seen with active IBD, results from protein loss due to bowel 
infl ammation. Th is can be confi rmed by looking for increased amounts of �1-antitrypsin in the stool. Protein 
malabsorption in IBD is usually not clinically signifi cant. In addition, protein intake is usually adequate despite 
poor caloric intake.

Colorectal cancer is a formidable problem for patients with long-standing IBD. Th e two most important 
risk factors for developing colorectal cancer are disease duration and anatomic extent of disease. Th erefore, it is 
recommended that all patients with colonic involvement, including those patients with Crohn colitis, should 
begin periodic colonoscopic surveillance after 8 to 10 years of disease. Th is suggestion most defi nitely pertains 
to children and adolescents with IBD, who have more years of disease ahead of them.

Laboratory Evaluation

In IBD, the ESR is often elevated, but normal values may be seen even in acute fulminant colitis. If the ESR 
is elevated, it points to IBD rather than IBS, in which laboratory data should be normal. Evaluation of stool 
 cultures and analysis of stools for ova and parasites, C. diffi  cile toxin, and WBC is necessary. A low serum 
 albumin indicates protein loss from infl amed bowel mucosa, whereas low serum cholesterol often refl ects loss 
of bile salts in the feces due to the presence of signifi cant ileal disease. Th e serum immune markers antineu-
trophil cytoplasmic antibody (ANCA) and anti–Saccharomyces cerevisiae antibody (ASCA) have been used to 
help in diff erentiating IBD from other entities and to distinguish IBD types; their role in the evaluation of 
these patients has been a matter of some controversy. ANCAs are present in the sera of 60% to 80% of patients 
with ulcerative colitis, in less than 20% of patients with Crohn disease, and in about 6% of the general popula-
tion. ASCAs are present in 60% to 70% of patients with Crohn disease and very infrequently in patients with 
 ulcerative colitis or in children without IBD.

 TABLE 15-8

Extraintestinal Manifestations of Infl ammatory Bowel Disease
Perianal disease

Hepatobiliary disease

Mouth lesions

Cutaneous lesions

Vasculitis

Vascular thrombosis

Anemia, thrombocytosis

Arthralgias/arthritis

Ocular disorders

Myocarditis, pericarditis

Nephrolithiasis

Pancreatitis

Pulmonary fi brosis
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Upper and lower endoscopies, with multiple biopsies, are essential in the diagnostic evaluation of IBD. 
Imaging of the areas of the mid small bowel beyond the reach of the endoscopes has been achieved tradition-
ally with a barium small bowel series, but magnetic resonance imaging is now capable of excellent  intestinal 
 delineation and is preferred in order to minimize radiation exposure in these patients, who are subject to  repeated 
imaging during their lives. Capsule endoscopy has also been used to visualize small intestinal lesions, with some 
risk of the capsule lodging in a narrowed area.

It is very useful to determine growth velocity curves, Tanner staging for sexual maturation, and bone 
ages as a way of assessing a child’s growth and development and potential for future maturation. A lactose 
breath hydrogen test may be helpful in determining whether milk can or cannot be used in the diet. It is also 
a good idea to perform a PPD skin test for tuberculosis at the time of diagnosis, in case steroid therapy or 
other  immunosuppressant agents become necessary. Radiographs and bone scans are necessary in the child with 
chronic joint discomfort to determine whether the problem is related to osteonecrosis.

Differential Diagnosis
Despite these seemingly clear diff erences between ulcerative colitis and Crohn disease, it is often very diffi  cult 
to distinguish between the two conditions when only colonic disease is found. Signifi cant perianal disease or 
granulomas detected on biopsy allow the diagnosis of Crohn disease when GI infl ammation is limited to the 
colon. Involvement of the rectum, once considered exclusive to ulcerative colitis, occurs in many children with 
Crohn disease. Moreover, the fi nding of a normal rectum through endoscopy, once thought of as inconsistent 
with ulcerative colitis, actually can occur with this disease. Biopsy specimens of mucosa that appears to be 
 normal may show varying degrees of infl ammation and granulomata (see Table 15-9).

 TABLE 15-9

Endoscopic/Histologic Features of Infl ammatory Bowel Disease (Colonic): 
Ulcerative Colitis Versus Crohn Colitis

Feature Ulcerative Colitis Crohn Colitis

Macroscopic

Distribution Continuous with rectum Segmental

Rectal involvement Usual Usual

Terminal ileum Normal, or “backwash ileitis" only Often involved 

Mucosa Diff usely involved Discrete ulcers, fi ssures, 
 cobblestoning

Serosa Usually normal Congestion, thickening

Fistulas Absent Present

Pseudopolyps Common Common

Strictures Uncommon Common

Microscopic

Infl ammation Diff use, mucosal, submucosal Patchy, transmural

Ulceration Mucosal, submucosal Deep

Crypt abscesses Common Common

Granulomata Absent Common (60%–75%)

Fibrosis (serosal) Absent Present

Terminal ileum Usually normal Often involved, stenotic,  irregular

Symmetry Usually symmetric Often asymmetric
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Certain imaging features may help distinguish ulcerative colitis from Crohn disease (Table 15-10).  However, 
the distribution of the disease as shown by imaging examination (continuous versus segmental) is nonspecifi c; 
often, it does not refl ect the extent of the infl ammation. Barium enema studies may be normal in as many as 25% 
of children with infl ammatory colitis that has been documented endoscopically and histologically, and are not 
recommended except perhaps in the specifi c situation when a stricture is suspected. Again, imaging modalities 
that can be diagnostic without radiation exposure are preferred.

Th e diff erential diagnosis of IBD is broad, and causes of chronic diarrhea, such as C. diffi  cile,  amebiasis, 
 giardiasis, Y. enterocolitica, and C. jejuni must be entertained. In the appropriate setting, the diagnosis of 
 tuberculosis, allergic enteropathies (including gluten-induced enteropathy), vasculitis, and neoplasms (especially 
intestinal lymphoma) must be considered.

Management
It is necessary to gear all therapeutic approaches to children and adolescents with IBD toward having the 
 patient perform the functions of daily living as normally as possible. Th is means the suppression of incapaci-
tating symptoms, promotion of normal growth and development, and control of complications. Th e clinician 
should take precautions to minimize medication side eff ects, and be aware of the level of nonadherence to 
medications that exists in populations of patients with chronic disease, especially adolescents coming to terms 
with their diagnosis.

Nutritional Support

Although the growth failure and sexual retardation in IBD is multifactorial, inadequate caloric intake seems 
to play a major role. It is necessary to provide nutritional support to provide adequate calories and the proper 
macro- and micronutrients orally, enterally, or parenterally.

Adolescents with IBD often require 80 to 90 kcal and 3.00 g protein per kg ideal body weight per day to 
achieve their height potential (healthy adolescents need 60 kcal and 2.25 g/kg/day). For children with asymptomat-
ic or mildly symptomatic ulcerative colitis and Crohn disease but who have inadequate weight and height gain and 
 delayed sexual maturation, the use of oral liquid supplementation is encouraged. Supplementing the usual diet with 
these drinks can result in adequate caloric intake and improved growth. However, many patients cannot or will not 
accept this approach because of the volume needed, the taste of the liquid, or the symptoms of gastric dysmotility.

Nasogastric infusions of formula also result in improved growth. Th e use of nocturnal nasogastric infusions 
after insertion of the tube by the patient at home allows for signifi cant increases in weight and height and normal 
attainment of puberty. Th e approach, with the tube being removed in the morning, allows the patient to pursue 
normal activities. It permits fl exibility because the feedings can be discontinued on weekends and vacations, if nec-
essary. A gastrostomy tube may also be placed in selected situations. Substitution of a predigested formula for regu-
lar food can also be an eff ective primary treatment, which may appeal to those seeking to minimize medications.

 TABLE 15-10

Infl ammatory Bowel Disease (Colonic): Differentiation by Imaging in 
 Ulcerative Colitis Versus Crohn Colitis

Radiographic Feature Ulcerative Colitis Crohn Colitis

Foreshortening Common Common

Mucosa Shallow ulceration, 
pseudopolyps

Longitudinal fi ssures, 
 cobblestone appearance; 
 pseudopolyps

Fistulas Absent Present

Sinus tract Absent Present

Strictures Uncommon (suggests 
carcinoma)

Frequent
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High-calorie intravenous infusions through a central venous catheter during sleep also provide a source of 
increased calories, independent on intestinal function. Th e line is capped during the day, making normal  activity 
possible. However, this approach is riskier than tube feedings because it can occasionally cause line sepsis or 
hepatobiliary dysfunction.

Medical Therapy

As previously mentioned, new evidence suggests that IBD is the result of defects in gut immunoregulation. 
Newer therapeutic modalities such as cytokine manipulation with “biologics” such as infl iximab, an antitumor 
necrosis factor (TNF) antibody, are now in wide use in treatment of IBD. Other major modes of therapy are 
aminosalicylates, corticosteroids, immunosuppressive agents such as 6-mercaptopurine, and antibiotics. It is 
fascinating that some drugs are eff ective in one form of disease and not in another, giving rise to the exciting 
expectation that in the future deeper knowledge of a given patient’s specifi c form of IBD will allow initial tailor-
ing of the most eff ective drug regimen for that individual.
5-aminosalicylates. Th e mechanisms of action of the 5-aminosalicylate compounds are unclear but probably 
involve inhibition of cyclo-oxygenase, and, especially, lipoxygenase pathways as well as scavenging of oxygen 
radicals. Several oral and rectal preparations are now available. Some of the oral medications are eff ective in 
small bowel disease as well as the previously recognized colonic effi  cacy. In ulcerative colitis, preparations of 
5-aminosalicylates are eff ective in newly diagnosed mild disease, active disease at relapse, and maintenance of 
remissions. In Crohn disease, 5-aminosalicylate preparations play a role in treatment of active colonic disease, 
and perhaps contribute to the treatment of active small bowel disease.
corticosteroids. Corticosteroids have long been the gold standard for treatment of moderate-to- severe 
ulcerative colitis and Crohn disease. As clinicians gain more experience and success with new methods of 
 immunomodulation, long-term and recurrent steroid use is diminishing. Rectal corticosteroids, in foam or 
 enema form, are often eff ective in children with mild active ulcerative colitis of Crohn colitis who have pre-
dominant symptoms of distal left-sided colitis such as tenesmus and urgency. Th ese are often prescribed in 
conjunction with oral 5-aminosalicylate preparations. Although mucosal absorption of the rectal corticosteroids 
is small, some clinicians who are wary of any steroid eff ect are more frequently using rectal mesalamine in these 
circumstances with little loss of symptom control.

Oral or intravenous corticosteroid medication is usually eff ective in moderate-to-severe disease, but should 
not be relied upon for long-term management. After a remission is achieved, patients are slowly weaned and 
may begin taking a 5-aminosalicylate preparation, with the degree of colonic involvement often infl uencing this 
decision. Many gastroenterologists start immunomodulatory medication (6-mercaptopurine or azathioprine) 
early in Crohn disease treatment, as this maneuver is known to decrease the need for recurrent steroids. Th ere are 
signifi cant long-term complications of corticosteroid use, such as growth suppression, osteoporosis, hyperten-
sion, cataract formation, and aseptic necrosis of the bones. In addition, and most importantly in adolescents, the 
many disturbing cosmetic side eff ects from steroid use (cushingoid facies, hirsutism, striae, severe weight gain, 
acne) lead to poor compliance.
immunomodulator drugs. 6-Mercaptopurine is the most commonly prescribed immunosuppressive for 
adolescents with intractable Crohn disease. Studies have found that the drug is an eff ective long-term therapy. 
In addition, it has the important advantage of having a signifi cant steroid-sparing eff ect, which is of particular 
benefi t to growing children and adolescents. Potential side eff ects are neutropenia, serious infection and liver 
disease. Azathioprine is metabolized to 6-mercaptopurine; some practitioners are more familiar with this 
form, and for some patients it off ers greater dosage fl exibility. It is important to know that 6-mercaptopurine 
and azathioprine are not expected to produce benefi t until 3 to 6 months after initiation, although excep-
tions to this have been observed. For this reason, a course of steroids with taper is often used as a “bridge” to 
the time the immunomodulator will exert its eff ect. Since metabolism of these drugs is variable in diff erent 
patients making some more prone to toxicity, it is now recommended that activity level of the key drug me-
tabolism enzyme, thioprine methytransferase (TPMT) be tested before beginning one of these drugs. An al-
ternative is frequent CBC monitoring as treatment is started. One can also obtain levels of 6-mercaptopurine 
metabolites prior to deciding on dose escalation, or if toxicity (bone marrow suppression or hepatic disease) 
is suspected.

6-Mercaptopurine has effi  cacy in ulcerative colitis, but to a lesser degree than in Crohn disease. Metho-
trexate is also and eff ective steroid-sparing drug in Crohn disease, but whether it is effi  cacious in ulcerative 
colitis is unclear.  Cyclosporine has been used in refractory ulcerative colitis, but has signifi cant risk of toxicity. 
In treating refractory or recurrent ulcerative colitis medically, it is important to remember that surgery is curative 
and may be a better choice in the more diffi  cult-to-control patient.
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biologics. Infl iximab is clearly eff ective in Crohn disease, producing striking mucosal healing in many. It is also 
eff ective in ulcerative colitis, although apparently to a lesser extent. It is an antibody to TNF-�, and has become 
an alternative to repeated courses of steroids. It is given by infusion every 8 weeks, after “induction” with more 
frequent dosage. It is essential to rule out latent tuberculosis and to assess each patient for the possibility of 
latent coccidiomycosis and histoplasmosis before beginning therapy. Increased infection risk and infusion reac-
tions are potential side eff ects. Th ere are rare reports of fatal hepatic lymphoma in young patients on infl iximab 
combined with 6-mercaptopurine or azathioprine, so many practitioners have decided to discontinue one of 
these drugs or the other. Th is is an area of controversy at present as remission appears to be prolonged when both 
drugs are used. Adalimubab, a humanized TNF-a preparation (infl iximab contains murine elements) has also 
recently been used in children, mostly in those who have lost their response to infl iximab over time.
antibiotics. Metronidazole has been found to have a steroid-sparing eff ect on adolescents with active or 
steroid-dependent Crohn disease. Th e mechanism of action is unclear. A large number of adolescents on chronic 
metronidazole therapy develop paresthesias and dysesthesias, which are reversible with discontinuation of the 
drug. However, the frequency and severity of symptoms have limited the acceptance of this eff ective therapy. 
Other oral antibiotics such as ciprofl oxacin may suppress symptoms of bacterial overgrowth in some patients 
with Crohn disease and are used more frequently when perianal disease is signifi cant.

Surgery

ulcerative colitis. Emergency surgical intervention may be necessary because of acute fulminant colitis, 
 massive intestinal bleeding, free perforation, or toxic megacolon. Elective surgery is appropriate for dependence 
on growth-suppressive steroids, continuous debilitating symptoms despite medical therapy, or presence of dys-
plasia malignancy in surveillance biopsies. Th is surveillance is suggested for patients with ulcerative colitis and 
Crohn colitis for longer than 8 to 10 years.

Surgery in ulcerative colitis is curative and eliminates the risk of malignancy. Th e basic goals are to 
 remove all the diseased mucosa while preserving stool elimination via the anus rather than by  ileostomy. 
Th ere are a  variety of procedures, often done in two stages. Most involve creating of a “pouch” where the 
ileum is  anastomosed to the anus, allowing less frequent stooling and greater continence. Postsurgical 
 infl ammation can occur in this area, which is referred to as “pouchitis” and is usually successfully treated 
with antibiotics.
crohn disease. Surgical intervention is recommended to deal with complications that are  unresponsive to 
medical therapy, such as intestinal obstruction, perianal abscesses, and fi stulae. Resection of a localized  diseased 
segment may be preferable to chronic medications. Recurrence after surgical resection in Crohn disease is 
greater than 90%, so surgery should be considered after careful deliberation. Multiple small-intestinal resections 
may lead to a “short gut” problem. Patients with intestinal strictures leading to recurrent partial obstruction may 
undergo stricturoplasty, a bowel-sparing technique that creates a patent lumen.

LIVER DISEASE IN CHILDREN AND ADOLESCENTS
Th e understanding of the embryology and development of the fetal liver and the pathophysiology of  pediatric liver 
disease has increased dramatically in the last two decades. Despite this increased knowledge, medical  treatment 
of many of the hepatobiliary disorders of childhood has continued to be frustrating. However,  optimism has 
arisen in view of the advances in gene therapy and the increased availability and improved  techniques in liver 
transplantation.

NEONATAL CHOLESTASIS
Neonatal cholestasis is far less common than unconjugated hyperbilirubinemia. Despite its relative infrequency, 
neonatal cholestasis is always pathologic. Th erefore, the clinician should consider the possibility of cholestasis 
in a jaundiced infant.

Pathophysiology
Cholestasis refers to impedance to bile acid formation or fl ow and is evidenced by elevated conjugated or 
 direct hyperbilirubinemia. NASPGHAN has defi ned an elevated direct bilirubin as greater than 1.0 if the total 
 bilirubin is less than 5.0; and greater than 20% of the total bilirubin if the total bilirubin is greater than 5.0. 
Unlike neonatal unconjugated (indirect) hyperbilirubinemia, which is more frequently physiologic rather than 
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 TABLE 15-11

More Common Causes of Neonatal Cholestasis

Obstructive 

Biliary atresia

Choledochal cyst

Gallstones/biliary sludge

Inspissated bile (due to hemolysis)

Alagille syndrome (biliary hypoplasia)

Cystic fi brosis

Hepatocellular 

Idiopathic “neonatal hepatitis”

Viral (CMV, HIV)

Bacterial 
 Urinary tract infection
 Sepsis
 Syphilis

Genetic/Metabolic

�1-Antitrypsin defi ciency

Cystic fi brosis

Hypothyroidism, hypopituitarism

Tyrosinemia

Galactosemia

Progressive familial intrahepatic cholestasis

Cystic fi brosis

Toxic

Total parenteral nutrition

Drugs

CMV, cytomegalovirus.

pathologic, conjugated hyperbilirubinemia should always be viewed as abnormal and should not be ignored. 
Early recognition of cholestasis in infants and prompt diagnosis of the underlying disorder are imperative to 
identify those disorders that respond to specifi c treatment. It is therefore recommended that any jaundiced 
infant have total and direct bilirubins checked at 2 to 3 weeks of age. Several conditions may cause neonatal 
cholestasis (Table 15-11).

Clinical and Laboratory Evaluation
Th e key to the evaluation of infants with cholestasis is to determine which of them have conditions that are 
surgically correctable (biliary atresia, choledochal cyst) or amenable to treatment with diet and medication 
(e.g., tyrosinemia, galactosemia, hypothyroidism). Prompt diagnosis and therapy may have tremendous implica-
tions for prognosis.
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History and Physical Examination

Most infants with neonatal cholestasis present with jaundice, dark urine, acholic stools, and varying degrees of 
hepatomegaly. It is necessary to evaluate infants for evidence of congenital anomalies, splenomegaly, skin rash, 
and neurologic signs.

Pediatric Pearl: Note that patients with extrahepatic biliary atresia, choledochal cyst, and 
many of the intrahepatic causes of neonatal cholestasis look remarkably well despite the 
jaundice. On the other hand, infants with cholestasis who appear toxic should point the 
clinician toward an infectious or metabolic etiology.

Pe
ma
jau

Laboratory Evaluation

Urinary tract infections are an important cause of cholestasis in otherwise well-appearing infants, so urinalysis 
and culture should be routinely included in the initial stages of evaluation. Th e newborn screen results should 
be reviewed, with particular attention to the possibility of hypothyroidism, galactosemia, and cystic fi brosis. 
Urine-reducing substance (for galactosemia) and additional infant testing for thyroid function can also be con-
sidered. Knowledge of any maternal–infant blood group incompatibility is useful, as hemolysis can contribute 
to cholestasis via inspissated bile. CBC may provide evidence of sepsis or hemolysis. Liver enzymes ALT, AST, 
alkaline phosphatase, and GGT are included in the evaluation, although none is capable of diagnosing a par-
ticular condition. Protime/INR and albumin are tests of hepatic protein synthetic function. Protime/INR can 
also be prolonged due to cholestasis-caused vitamin K malabsorption; seeing the eff ect of parenteral vitamin 
K quickly clarifi es this. �-1-antitrypsin phenotype (or level, if phenotype unavailable) is obtained, but sub-
sequent diagnostic eff orts are directed at the timely diagnosis of conditions requiring surgery (biliary atresia 
and choledochal cyst). Once these have been excluded, blood tests can be done looking for viral infections and 
more unusual metabolic/genetic disorders. At that point tests that may be done are titers for toxoplasmosis and 
cytomegalovirus (the latter also detectable in urine viral culture), serum ferritin, and urine organic acid screen 
(looking for elevated succinylacetone, found in tyrosinemia). Pregnant women are screened in the United States 
for several intrauterine infections (syphilis, rubella, herpes, and hepatitis B), but in selected situations titers for 
these may be sent from the infant as well. Detailed ophthalmologic examination may reveal fi ndings associated 
with infantile cholestasis conditions: posterior embryotoxon of the anterior chamber seen in Alagille syndrome, 
septo-optic dysplasia associated with hypopituitarism, cataracts due to galactosemia or intrauterine viral infec-
tions, and chorioretinitis due to intrauterine viral infection.

Hepatobiliary ultrasonography can make or exclude the diagnosis of choledochal cyst, as well as suggest 
(but not diagnose or rule out) biliary atresia. Hepatobiliary scintigraphy (e.g., HIDA scan), after 3 to 5 days 
of premedication with phenobarbital, is used by many to exclude biliary atresia, if the test is negative (isotope 
passing from the liver into the intestine). However, if liver biopsy is available, HIDA scan in the evaluation of 
neonatal cholestasis is not recommended in current NASPGHAN guidelines, as it delays the diagnostic process 
and is usually not reliable enough to avoid the more defi nitive biopsy. Overall, a liver biopsy may ultimately be 
necessary to ascertain the diagnosis in a cholestatic infant.

Differential Diagnosis
Although the diff erential diagnosis of neonatal cholestasis is varied, the clinical presentation in many of these 
disorders is similar, refl ecting a similar response to the underlying decrease in bile fl ow. Th e most common 
 hepatic disorders causing neonatal cholestasis in full-term infants are biliary atresia, some of the  idiopathic 
causes ( paucity of intrahepatic bile ducts and idiopathic neonatal hepatitis) and �-1-antitrpsin defi ciency. 
Biliary atresia appears to be related to a perinatal infl ammatory process that continues postnatally, fi nally 
obliterating part of the extrahepatic tree. Th e process usually involves the intrahepatic structures as well but 
to a lesser degree. Th e etiology is unknown, and very likely there are a variety of possible causes, including 
genetic ones. Infants may present with cholestasis within days of birth, or be recognized as otherwise healthy 
but jaundiced babies at 1 to 2 months of age. Th eir overall healthy appearance underscores the wisdom of 
checking total and direct bilirubin values of all jaundiced infants at 2 to 3 weeks of age. Stools eventually 
become acholic but may fool parents and physicians, as instead of being white, they are far more often pale 
yellow or pale green.
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Paucity of intrahepatic bile ducts is being recognized more frequently as a cause of neonatal  cholestasis. 
Th e syndromic form, Alagille syndrome (arteriohepatic dysplasia), consists of paucity of the intrahepatic ducts, 
 hypoplasia (but not atresia) of the extrahepatic ducts, and cardiac lesions (valvular or peripheral pulmonic 
 stenosis), along with classic facies, butterfl y vertebra, posterior embryotoxon in the eye and renal dysplasia. 
Growth failure and mild mental retardation is also seen. Th e nonsyndromic form of paucity of intrahepatic ducts 
is probably a morphologic endpoint to multiple diff erent insults to the neonatal liver. It may occur frequently 
in sick neonates and prematures who have hypoxia, hypoperfusion, and sepsis. Th e prognosis for the syndromic 
form is usually better. Liver biopsy is key in diagnosis.

Management
If a percutaneous liver biopsy shows bile duct proliferation (a manifestation of biliary atresia), exploratory 
 laparotomy with intraoperative cholangiogram is performed. If the procedure confi rms biliary atresia, a Kasai 
procedure (portoenterostomy) to connect the bowel lumen with the porta hepatis is carried out. If the surgery 
is successful, bile drainage occurs. Success is often related to early operation. Th e Kasai procedure is palliative, 
not curative, and a liver transplant is usually necessary eventually, due to ongoing intrahepatic disease leading 
to cirrhosis.

ACUTE AND CHRONIC HEPATITIS
In the last few years, clinicians have learned a great deal about the viruses that cause hepatitis. Th ere are at least 
fi ve such viruses, causing hepatitis A, B, C, D, and E. Th ese viruses are diff erent from other viruses that cause 
hepatic infl ammation (e.g., Epstein-Barr virus, herpes virus, cytomegalovirus) because in general they cause 
hepatitis itself rather than a wider clinical illness that may include hepatitis. Hepatitis D infection, which occurs 
only in conjunction with hepatitis B infection, is very infrequent in the United States, and hepatitis E has been 
found only in Americans who have traveled to endemic areas.

Hepatitis A
Th e incidence of infection with hepatitis A (HAV), a RNA picornavirus, has been declining steadily in the last 
25 years as sanitary conditions have improved. However, the exact incidence is diffi  cult to ascertain, because 
so many cases are subclinical or anicteric and therefore are not reported. Th e transmission of HAV is almost 
always by the fecal–oral route, although percutaneous transmission may occur. Th e incubation period is 25 days. 
Th e diagnosis is made on serologic grounds based on an IgM antibody that is fi rst seen at the onset of clinical 
symptoms (about 5 weeks after exposure); it is evidence of acute infection. Th is antibody remains positive for 
4 to 12 months. Th e IgG anti-HAV antibody, which develops at the end of the infection and remains positive 
for many years, is evidence of previous HAV infection.

Symptoms of HAV are increasingly apparent in accordance with increasing age. Eighty-fi ve percent of 
children younger than 2 years of age who are infected are asymptomatic, as are 50% of those 2 to 4 years of age. 
Adolescents are usually symptomatic; 75% to 97% are ill, and 40% to 70% are icteric. Nausea, vomiting, malaise, 
anorexia, and cholestatic jaundice with pruritus (bilirubin greater than 10 mg/dL) may be severe, but almost all 
patients recover without evidence of fulminant hepatitis or chronic liver disease.

No therapy is indicated, but immunoglobulin given prior to exposure or during the incubation period of 
HAV is protective against clinical illness. Close personal contacts and household members of patients with 
HAV should receive immunoglobulin within 2 to 4 weeks of exposure, but treatment of casual contacts such as 
schoolmates is not necessary. HAV vaccination has now become a part of the routine childhood vaccine admin-
istration schedule.

Hepatitis B
Hepatitis B virus (HBV), a DNA hepadnavirus, is most often transmitted parenterally and has an incubation 
period of 45 to 75 days. Th e presence of surface antigen to the virus (HBsAg) signifi es infection with HBV. In 
this era of routine hepatitis B vaccination and a standard protocol for pregnant women who test positive for 
HBsAg, the most frequently seen patients in the United States today are those who were infected at birth in 
another country or who failed to respond to the combination of hepatitis B immunoglobulin and vaccine given 
to infants born in the United States to positive mothers. Th ese children, who are generally asymptomatic and 
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often have normal liver enzymes, in prior times would have been termed “carriers.” Now that measurement of 
hepatitis B viral DNA level is possible and most of these patients are found to have high levels, they are better 
understood as having “chronic hepatitis B in the immune tolerant phase.”

In children who are infected after infancy when the immune system is mature, antigenemia may appear 
early in the illness and may diminish before the symptoms have disappeared. Th erefore, a second marker such 
as hepatitis B core antibody (anti-HBc) is usually needed to confi rm the diagnosis of acute  infection.  Although 
the hepatitis B e antigen (HBeAg) is not necessary for diagnosis, it is an important marker,  indicating viral 
infectivity. It is usually present when the disease was acquired at birth, with the corresponding antibody 
(HBeAb) absent.

Adolescents who acquire infection commonly have clinical evidence of fever, malaise, anorexia, nausea, 
and vomiting. Twenty-fi ve percent of adolescents are icteric. In as many as 10% of cases, extrahepatic (immune 
complex) symptoms predominate. A common presentation is a “serum sickness-like” illness with urticaria, ar-
thritis, angioedema, and a maculopapular rash. Other presentations include nephritis, nephrosis, myocarditis, 
and pancreatitis.

Hepatitis B treatment is not recommended for those with normal ALT, given limited effi  cacy of the cur-
rently available drugs in this situation. Th e patient should avoid unnecessary medications, excessive alcohol and 
illicit drugs, and should be vaccinated against HAV. Education on modes of infectivity should be provided. 
Household members should be immunized against hepatitis B unless they are already known to have the infec-
tion or natural immunity. Th ere is no reason to inform school personnel of the child’s status, because universal 
precautions for blood and fl uid exposure should be in place. If ALT rises, consideration can be given to a liver 
biopsy to better evaluate the degree of damage, and treatment with either interferon or one of the long-term oral 
antivirals. Th ose with chronic hepatitis B should be screened for hepatocellular carcinoma with �-fetoprotein 
yearly and with a liver ultrasound approximately every 2 years.

Hepatitis C
In the United States, hepatitis C (HCV), a RNA fl avivirus, causes the vast majority of cases of non-A, non-B 
hepatitis. Transmission is predominately parenteral. Sexual and perinatal transmission may occur (at a low fre-
quency), and household contacts may be at risk. Antibody against HCV (anti-HCV) signals infection and 
probably infectivity, but not immunity. Th e antibody is not protective. Because there is a high false-positive 
anti-HCV rate with the enzyme-linked ummunoabsorbent assay (ELISA) method, all positive results should 
be confi rmed with a recombinant immunoblot assay or polymerase chain reaction assay. Infants born to positive 
mothers may have antibody testing after 15 months of age (when potentially confusing maternal antibody will 
have cleared) and/or two determinations of hepatitis C RNA between 2 and 6 months of age. Even if found to 
be positive, treatment would not be considered in an infant, due to toxicity of hepatitis C medications in this age 
group, combined with uncertainty about the natural course of the disease.

Mortality from acute infection is less than 1%, but chronic disease occurs in approximately 50% of infected 
cases. Th is is usually manifested by a fl uctuating pattern of aminotransferase elevation, which occurs in about 
80% of chronic cases. Many patients with chronic disease develop chronic hepatitis, which may lead to cirrhosis 
and hepatocarcinoma. Again, the use of interferon-� and ribavirin in adults with chronic active HCV has been 
promising, and use in children can be considered on an individualized basis, depending on the genotype of the 
hepatitis C (some being signifi cantly more responsive) and degree of illness. Many promising new hepatitis C 
medications are currently being reported in adult studies. Patients with hepatitis C should be vaccinated against 
HAV, as they are at risk for a more severe course.

OTHER CAUSES OF CHRONIC HEPATITIS
Other causes of chronic hepatic infl ammation are steatohepatitis associated with obesity, drug  hepatotoxicity, 
and Wilson disease; �

1
-antitrypsin defi ciency; and autoimmune hepatitis, hemochromatosis, cystic fi brosis, 

 celiac  disease, and IBD. Th e terms chronic active hepatitis and chronic persistent hepatitis are no longer used.

Fatty Liver Disease
Childhood fatty liver disease has increased at an alarming rate in the United States and has been, accompanied 
by the dramatic and widespread increase in obesity. Some of these children have more advanced disease, includ-
ing fi brosis. Treatment is weight loss, but a more eff ective approach is preventing childhood obesity.

770309_Ch_15.indd   408770309_Ch_15.indd   408 5/6/11   1:02:59 PM5/6/11   1:02:59 PM



CHAPTER 15 ■ GASTROENTEROLOGY   409

Autoimmune Hepatitis
Autoimmune hepatitis most frequently aff ects adolescent and young women. Th e clinical picture is variable. 
 Aff ected patients may presents with (1) a prolonged typical attack of presumed viral hepatitis, (2) malaise with 
or without jaundice, or (3) hepatosplenomegaly found on a routine examination. In addition, these young  women 
may have amenorrhea (primary or secondary), acne, erythema nodosum, arthritis, or arthralgia.  Extrahepatic 
disorders such as thyroiditis, IBD, or nephritis may be present in many cases.

Patients with autoimmune hepatitis have elevated ALT and AST levels. In addition, they have markedly 
elevated serum IgG levels, usually detected on routine chemistry panels when the total protein is elevated and  
the albumin is normal or low. Two forms of autoimmune hepatitis are recognized, one in which antinuclear 
antibody and/or antismooth muscle antibody is elevated (type 1) and one more often associated with elevated 
liver–kidney microsomal antibody (type 2).

It is possible to diagnose autoimmune chronic active hepatitis by liver biopsy; an infl ammatory reaction 
of plasma cells and lymphocytes extends beyond the portal area, eroding the limiting plate of the hepatocytes, 
causing individual (piecemeal) hepatocellular necrosis. If the cellular necrosis is more advanced, as it often is at 
diagnosis, areas of necrosis are replaced by fi brosis. Treatment with oral corticosteroids and 6-mercaptopurine 
(as a prednisone-sparing agent) is eff ective in many cases. Progression to cirrhosis may occur despite a good 
biochemical response to treatment, and may eventually lead to liver transplantation.

Wilson Disease
Wilson disease (hepatolenticular degeneration), an autosomal recessive disorder, results from excessive accu-
mulation of copper in the liver, brain, eyes, kidneys, and bone. Th e abnormal gene that causes this condition 
is  located on chromosome 13, and leads to impaired transport of copper out of the liver and into bile, where 
it would normally be excreted from the body. Although the accumulation of copper in tissues begins in in-
fancy, clinical disease before age 6 years is rare. However, about 50% of patients develop symptoms by 15 years 
of age. Clinical manifestations include hepatosplenomegaly and jaundice in children, and in older patients. 
 Coombs-negative hemolytic anemia, deterioration of neuropsychiatric behavior, and renal tubular acidosis. 
 Kayser–Fleischer rings (golden discoloration in the limbic region of the cornea) are common and can be diag-
nosed by slit lamp examination.

No single test is diagnostic of Wilson disease, and the workup can be frustrating. However, it is neces-
sary to explore all avenues if the disease is suspected because therapy is so eff ective. Low serum copper and low 
serum ceruloplasmin levels suggest the diagnosis, but both may be normal. Quantitation of the urinary copper 
level, which is usually extremely high in this disorder, is the best screening test, in association with a slit lamp 
examination. Once the diagnosis is established, treatment with D-penicillamine (a copper chelator) or trientine 
should begin. Maintenance options also include oral zinc. Prognosis depends on early diagnosis and eff ective 
removal of excess copper.

�1-Antitrypsin Defi ciency
Homozygous �1-antitrypsin defi ciency, an autosomal recessive disorder, is associated with neonatal cholesta-
sis and childhood liver disease with chronic hepatitis, or early adult-onset emphysema. �1-antitrypsin, a 
 glycoprotein produced by hepatocytes, inhibits trypsin, pancreatic elastase, and acid proteases of alveolar mac-
rophages.  Uninhibited proteolytic activity of these enzymes in the face of the disorder can cause liver, pulmo-
nary, or pancreatic injury. Th e diagnosis is made by measuring levels of �1-antitrypsin or by doing a phenotype 
of the protease-inhibitor system. Th e abnormal form of A1AT found in the disease is trapped in the liver, such 
that excess A1AT is usually identifi ed on liver biopsies in the face of defi ciency elsewhere. Th ere is no treatment 
at present, but liver transplantation is an option in cases with severe hepatic involvement.

Pancreatic Disease
Diseases of the exocrine pancreas are relatively uncommon in children. Many of the pediatric diseases that aff ect 
the pancreas are the result of inborn errors of metabolism such as cystic fi brosis and Schwachman-Diamond 
syndrome (pancreatic insuffi  ciency, cyclical neutropenia, dysostosis, and growth retardation).

Pancreatitis may be secondary to duct obstruction or parenchymal infl ammation, which causes release of 
proteases that cause more infl ammation and edema. Causes include infectious agents (e.g., mumps,  Epstein-Barr 
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virus, coxsackie B), drugs (e.g., valproic acid, L-asparaginase, prednisone, 6-mercaptopurine) trauma, gallstones, 
or diseases such as cystic  fi brosis.  Recurrent pancreatitis suggests abnormalities of triglyceride metabolism, an 
anatomic defect such as pancreas divisum (a failure of fusion of the dorsal and ventral embryonic pancreas) or 
a genetic disorder (e.g., cystic  fi brosis). When pancreatitis recurs without obvious cause, magnetic resonance 
cholangiopancreatography is done to identify ductular strictures and other structural abnormalities, and testing 
is done for cystic fi brosis and other genetic causes of pancreatitis.

Patients with pancreatitis are often very toxic-appearing, with severe epigastric pain and nausea and vomit-
ing. Laboratory fi ndings include elevated amylase and lipase levels to at least 2 to 3 times the upper limit of nor-
mal. Abdominal ultrasonography or CT scan may be helpful. Treatment is directed at massive fl uid replacement 
and pain control as part of general supportive care. Bowel rest and nasogastric decompression are rarely necessary. 
Nasojejunal tube feeding rather than total parenteral nutrition is now the preferred means of providing nutrients. 
Pseudocysts may form, and larger ones may require drainage or surgery.

Peritonitis
Peritonitis is defi ned as a chemical or infectious infl ammation of the peritoneal lining of the abdominal  cavity. 
Infectious peritonitis may be either primary or secondary. Th e clinical presentation includes fever, severe 
 abdominal pain, and vomiting. However, corticosteroids may suppress the manifestations. Diagnosis is made by 
abdominal paracentesis that reveals organisms and many leukocytes.

Primary peritonitis, also called spontaneous or idiopathic peritonitis, is an infection of the peritoneal 
 cavity in which the source of the infection arises outside of the abdomen and reaches it by either hematogenous 
or lymphatic spread. Most cases of primary peritonitis in children occur in patients with nephrotic syndrome or 
cirrhosis. Th e usual responsible bacteria in primary peritonitis are Streptococcus pneumoniae and gram-negative 
enteric organism such as E. coli and Klebsiella pneumoniae.

Secondary peritonitis is an infl ammatory response to the rupture of an abdominal viscus, spillage of an 
abdominal abscess (e.g., with appendicitis), trauma, or a vascular accident. Enteric gram-negative organisms 
such as E. coli and anaerobic organisms such as Bacteroides fragilis are the most frequently found pathogens. 
Treatment is appropriate antibiotics.
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Hematology and Oncology 
Gary V. Dahl and Michael R. Jeng

HEMATOLOGY
Hematologic disorders of children may involve the cellular components (red blood cells [RBCs], white blood cells 
[WBCs], and platelets) or plasma components (coagulation factors) of blood. Th e fundamental  pathophysiology 
underlying most hematologic disorders is based on the limited life span of marrow-derived blood cells. RBCs 
survive in the circulation for 120 days, platelets for approximately 5 to 10 days, and neutrophils for only 1 to 2 
days. Either the senescent cells die or the reticuloendothelial system removes them from the circulation. Th e 
end-stage cells cannot replace themselves. (In contrast, lymphocytes, are generally long-lived, and travel among 
the blood, lymphatics, and tissues.) Because of the limited life span of RBCs, platelets, and neutrophils, the bone 
marrow must constantly produce new cells. Abnormalities that occur at any stage of this process result in various 
clinical presentations.

Hematopoiesis takes place in the bone marrow as a series of orderly, programmed steps in which mature 
blood cells are produced from immature progenitors. Th e majority of cells in the bone marrow are committed 
to one hematopoietic lineage; they have acquired characteristics of the appropriate lineage (e.g., hemoglobin 
for the RBCs, primary and secondary granules for the neutrophils). Th ese precursors, which are recognizably 
diff erentiating into mature blood cells, progressively lose their ability to proliferate as they mature. Less mature 
cells in the bone marrow, the progenitors, are committed to one or more hematopoietic lineages but have not 
morphologically diff erentiated. Stem cells are the least mature progenitors and are capable of diff erentiating into 
all hematopoietic lineages (pluripotentiality) and can replace themselves (self-renewal).

Progenitors, which are extremely rare, represent less than 1/10,000 nucleated marrow cells. Th ey are called 
hematopoietic stem cells. A single hematopoietic stem cell can give rise to over 1,000,000 mature blood cells.

Any sort of interference with the survival of the mature blood cells or the production of new blood cells 
may result in disease. Blood cell function is abnormal in some inherited diseases. Th ese genetic conditions may 
result from mutations that aff ect the ability of the RBCs to perform gas exchange, the ability of the neutrophils 
to kill microorganisms, or the ability of the platelets to form primary blood clots.

Th e noncellular component of blood contains many essential proteins: the clotting factors required for 
blood coagulation, the immunoglobulins that serve as antibodies, and the complement proteins used for lysis of 
organisms that have been bound to antibodies. Much of pediatric hematology and immunology concerns inborn 
errors that result in nonfunction of these important proteins. Acquired illnesses that result in consumption of 
these proteins also occur.

BLOOD CELL DISORDERS
Disorders of blood cells can be classifi ed as quantitative, qualitative, or both.

• Th e majority of clinical encounters in pediatric hematology are quantitative disorders, which are due to 
problems with decreased production of blood cells from the bone marrow or increased loss of blood cells 
from the circulation (Figure 16-1). In children, abnormally low blood counts are more common than 
abnormally high counts (i.e., anemia and thrombocytopenia are more common than polycythemia and 
thrombocytosis).
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• Qualitative disorders are due to inherent abnormalities in the blood cells themselves and are less  common. 
However, they often lead to quantitative problems as well (i.e., hemolytic anemia due to a qualitative 
abnormality in hemoglobin such as sickle cell anemia).

ANEMIA
Anemia is an abnormally low hemoglobin, hematocrit, or RBC count. It can be classifi ed using the previously 
discussed production–destruction approach and a morphologic approach based on the appearance of the RBCs on 
a peripheral blood smear and RBC parameters such as mean corpuscular volume (MCV) and mean corpuscular 
hemoglobin concentration (MCHC). Because the values of RBC parameters vary with age, the pediatrician must be 
aware of the normal age ranges before determining that a child has a microcytic, normocytic, or macrocytic anemia.

Clinical and Laboratory Evaluation
History

In evaluating children with anemia, a careful history is essential. It is necessary to ask about a family history of 
anemia, transfusion requirements of relatives, or histories suggestive of chronic hemolysis (e.g., splenectomy or 
gallbladder disease). A dietary history is essential for determining whether the intake of iron, folate, and vitamin 
B

12
 is adequate.  In toddlers, a detailed history of the amount of milk intake is important, as well as specifi c 

questions regarding pica.  Pica, or the habit of chewing dirt, paper, ice, or other material, is often seen with iron 
defi ciency anemia.  A history should also include assessment of possible lead exposure.  Vegans (vegetarians 
who consume no animal food or dairy products) may develop folate defi ciency. In addition, the onset of hemo-
lysis in children with glucose-6-phosphate dehydrogenase (G6PD) defi ciency is sometimes associated with 
intake of certain foods (e.g., fava beans) or exposure to naphthalene (moth balls). Questions regarding melena, 
 hematochezia, hematemesis, or abdominal pain are appropriate; these may indicate chronic blood loss from the 
gastrointestinal (GI) tract. In adolescent girls, excessively heavy menstrual bleeding is noteworthy. Patients with 
hemolytic anemias may relate a history of dark-colored urine, icterus, or jaundice.  Pallor may or may not be 
recognized by the family members, as this may develop very gradually.  Symptoms of fatigue, shortness of breath, 
and increased heart rate may also be present and help in determining the cause of anemia.

Physical Examination

Physical signs of anemia include pallor of the skin, oral mucosa, conjunctivae, and nail beds. Infants with iron 
defi ciency anemia secondary to excessive milk consumption are frequently overweight. Tachycardia may  occur 

A Quantitative Approach to Hematologic Abnormalities

Decreased blood counts

Decreased marrow production:

Excessive marrow production:

FIGURE 16-1. Signifi cance of quantitative abnormalities in blood counts.
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as a physiologic response to anemia, and patients may also develop a systolic fl ow murmur. Th e presence of 
 icterus or jaundice is a sign of hemolysis. Th e facial appearance of children with untreated thalassemia are al-
tered by increased bone marrow production (medullary expansion). Children with Fanconi anemia often have 
microcephaly and an unusual bird-like facies, thumb abnormalities, café-au-lait spots , and are small for their 
age. Patients with Diamond-Blackfan anemia, a form of congenital anemia due to lack of production of red 
cells, may be small for gestational age, small for age with poor growth, have abnormalities of the thumb, and 
may have cleft lip and palates. Adenopathy should be carefully noted; it may indicate either infection or malig-
nancy. Abdominal examination should focus on determining the presence of hepatosplenomegaly, adenopathy, 
mass, or tenderness. Th e extremity examination is important for diagnosing several underlying causes of anemia. 
 Children with arthritis and a secondary anemia may have a systemic rheumatologic, oncologic, or infectious dis-
ease. Children with Fanconi anemia usually have absent or hypoplastic thumbs. Children with sickle cell disease 
have extremities that may show signs of acute swelling and tenderness due to sickling or osteomyelitis.

It is important to note that the signs and symptoms of anemia vary with the degree of anemia and the 
rapidity with which it has developed. When anemia has developed over a period, pallor, fatigue, headache, and 
lightheadedness are more likely. When the onset of anemia is fairly acute, cardiovascular symptoms related to 
reduced oxygen-carrying capacity and resultant tissue hypoxia are more common. In iron defi ciency anemia, 
which occurs very gradually, often there is no change in heart rate or very little fatigue.

Laboratory Evaluation

A complete blood cell count (CBC) with red blood cell parameters (often referred to as red cell indices), periph-
eral blood smear, and reticulocyte count are part of the initial evaluation. Th e reticulocyte count and red blood 
cell distribution width (RDW or RCDW) may help to determine whether the anemia is due to poor produc-
tion or increased destruction of red cells. To evaluate for a hemolytic anemia, a plasma-free hemoglobin, serum 
indirect bilirubin, and lactate dehydrogenase may be elevated while a haptoglobin will be decreased, as this is a 
scavenger for hemoglobin. A Coombs test may identify antibodies to the RBCs, red cell osmotic fragility for red 
cell membrane abnormalities, and red cell enzyme measurements may reveal an enzyme defect. Once a diff eren-
tial diagnosis has been generated from the clinical evaluation, CBC, and peripheral smear, other tests should be 
ordered judiciously. Th e laboratory evaluation of anemia can be expressed as an algorithm (Figure 16-2).

Differential Diagnosis
Anemias in children may be classifi ed in terms of decreased RBC production, RBC destruction, RBC seques-
tration, or blood loss (Table 16-1). In addition, this group of disorders may be organized somewhat diff erently 
with the same primary categories (Table 16-2).

Management
Th e treatment of anemia is based on the underlying cause, the degree of anemia, and the clinical status of the 
 patient. Th e approach to the management of anemia is twofold. One, the severity of the situation must be 
 assessed for the necessity of immediate interventions such as blood transfusions or other supportive care. Two, 
the cause of the anemia must be determined. Most children with anemia that general pediatricians frequently 
encounter are not acutely ill, and a careful determination of the etiology is the fi rst step.

Abnormalities of Erythrocyte Production

Anemias due to decreased RBC production are due to defi ciencies of substances needed for the synthesis 
of erythrocytes (iron, B

12
, or folate), exposure to toxins such as lead, suppression of production (such as that 

 associated with viruses, which may be the mechanism for transient erythroblastopenia of childhood [TEC]), or 
a primary failure of erythropoiesis (Diamond-Blackfan anemia or acquired aplastic anemia).
iron deficiency anemia. Classically, the cause of iron defi ciency anemia in children is inadequate  dietary 
intake of iron. Th e clinical scenario may be that of a toddler who is drinking large quantities of cow’s milk from 
the bottle and eating little in the way of solid food. Th e lack of iron in cow’s milk, combined with the exclusion 
of iron-rich food and chronic microscopic blood loss in the GI tract (thought to be microvillus sloughing due 
to infl ammation associated with milk-protein exposure) leads to a hypochromic, microcytic anemia. Th e child 
can be quite anemic, with hemoglobin concentrations as low as 1 to 2 g/dL, and still be hemodynamically 
stable because of the gradual onset and the body’s ability to compensate for a chronically decreased oxygen-
carrying capacity.
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Diagnostic Approach to Anemia

MCV
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cells

No malignant
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bleeding

Low

Low

Low
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Bone marrow 

High 

High 
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(see Table 16-1)

Aplastic anemias
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(see Table 16-1)

Morphology may be helpful
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(see Table 16-1)
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Microcytic anemias 
(see Table 16-1)

Macrocytic anemias 
(see Table 16-1)

Leukemia,
Solid tumor 
metastases

FIGURE 16-2. Diagnostic approach to anemia. Boxes represent diagnostic tests and results. Oval boxes represent 
 diagnoses. LDH, lactate dehydrogenase; MCV, mean corpuscular volume; RBC, red blood cell; WBC , white blood cell.

In addition to a careful dietary history, laboratory studies to assess iron status are serum iron, ferritin 
(a measure of iron stores), and total iron-binding capacity (Table 16-3) may be necessary. Depending on the 
child’s clinical state, if iron defi ciency is the cause, the initiation of oral iron supplements results in a reticu-
locytosis in several days and a rise in hemoglobin. Consideration must also be given to the possibility of lead 
poisoning because iron defi ciency is often seen in children who also have lead toxicity.

It is sometimes diffi  cult to distinguish between iron defi ciency and thalassemia trait. Th e Mentzer index 
can assist in the diagnosis of thalassemia trait during the assessment of microcytic anemia.

Pediatric Pearl: The Mentzer index, which is the ratio of the MCV to the RBC number, is 
useful as a screening test to differentiate between iron defi ciency and thalassemia. If the 
MCV/RBC is less than 10, thalassemia is more likely; if it is greater than 14, iron defi ciency 
is more likely. Values between 10 and 14 are considered indeterminate.

Pe
us
M
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 TABLE 16-1

Classifi cation of Anemia
Production

Primary production

 Microcytic
  Fe defi ciency
  Lead poisoning
  Th alassemiaa

  5� nucleotidase defi ciency

 Macrocytic
  Folate, vitamin B

12
 defi ciency

  Diamond-Blackfan anemiab

  Myelodysplastic syndrome

 Normocytic
  Viral suppression
  Transient erythroblastopenia of childhood
  Diamond-Blackfan anemiab

  Aplastic anemia
  Renal failure

 Secondary production
  Infi ltrative disease (leukemia, solid tumor metastases)

Destruction (hemolysis)

 Intrinsic to red blood cells

  Hemoglobinopathy
   Sickle cell syndromes
   Th alassemiaa

   Other unstable hemoglobins

  Membrane
   Hereditary spherocytosis
   Hereditary elliptocytosis

  Enzyme
   Glucose-6-phosphate dehydrogenase (G6PD) defi ciency
   Pyruvate kinase defi ciency
   Glutathione reductase defi ciency

 Extrinsic to red blood cells
  Immune
   Autoimmune
    Idiopathic
    Secondary
     Infection-associated
     Drug-induced
     Associated with other autoimmune diseases (e.g., systemic lupus erythematosus)

  ABO/Rh incompatibility

  Nonimmune

Continued
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aTh alassemia is included in both production and destruction categories.
bDiamond-Blackfan anemia may be macrocytic or normocytic.

aThalassemia is included in both production and destruction categoriesaa

 TABLE 16-1

Classifi cation of Anemia (Continued)
   Microangiopathic
    Sepsis
    Disseminated intravascular coagulation
    Hemolytic-uremic syndrome, thrombotic thrombocytopenic purpura
    Prosthetic heart valve

 Hypersplenism

Blood loss

 TABLE 16-2

Alternative Classifi cation of Anemias Due to Abnormalities of Production
Anemia Due to Defi ciencies of Substrate

 Iron defi ciency anemia

 Vitamin B
12

 or folate defi ciency

Anemia Due to Suppression of Production

 Transient or acquired
  Transient erythroblastopenia of childhood
  Aplastic crisis due to parvovirus B19

 Congenital
  Diamond-Blackfan anemia
  Sideroblastic anemia
  5�-Nucleotidase defi ciency

 Other conditions
  Bone marrow infi ltrative process
  Anemia of chronic disease

Coexisting diseases (e.g., hemolysis) that alter the RBC value invalidate the Mentzer index as a diagnostic tool. 
Other tests that may be helpful are serum tests for iron stores and quantitation of subtypes of hemoglobin by hemo-
globin electrophoresis (see Table 16-2). Once iron defi ciency is excluded, the diagnosis of �-thalassemias depends on 
measurement of HgA

2
 and HgbF levels. �-Th alassemia trait patients (two-gene deletions) will have a normal hemo-

globin pattern, and the diagnosis is often one of exclusion. DNA testing now can be performed for � thalassemia trait, 
although it does not pick up all mutations. Th us, a history of  nonresponsiveness to iron supplementation, normal iron 
studies, and perhaps a family history or documentation of microcytosis in a parent support this diagnosis.
vitamin b

12
 or folate deficiency anemia. Defi ciencies of vitamin B

12
 or folate, which are associated with 

macrocytic (megaloblastic) anemia, are seen less commonly than iron defi ciency in pediatrics. Vitamin B
12

 defi ciency may result from inadequate dietary intake (e.g., vegan diet) or inadequate intestinal absorption of 
vitamin B

12
 (e.g., infl ammatory bowel disease, surgical resection of the terminal ileum, genetic defect in intrinsic 

factor, or rare parasitic infections). Folate defi ciency may also result from inadequate dietary intake (intake of 
goat’s milk instead of cow’s milk) or inadequate intestinal absorption (infl ammatory bowel disease). Treat-
ment consists of administration of vitamin B

12
 or folate orally or intramuscularly. Laboratory testing of serum

B
12

 levels and red cell folate levels is helpful, as is the testing of serum methylmalonic acid and homocysteine 
levels for B

12
 defi ciency. Serum folate levels often refl ect recent dietary ingestion and are less diagnostic than 

red cell folate levels.
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transient or acquired suppression of erythrocyte production. Transient suppression of RBC pro-
duction as an abnormal response to a viral infection is the suspected cause of TEC. Several viruses have been 
associated with this condition (e.g., human herpes virus 6). Children with TEC may require transfusion if they 
present with very low hemoglobin values without evidence of reticulocytosis. If reticulocytosis does not occur 
after several weeks, evaluation for other causes of hypoplastic anemia should proceed.

Pediatric Pearl: Children with chronic hemolytic anemia (e.g., sickle cell anemia, hereditary 
spherocytosis) who are dependent on a high reticulocyte count to maintain their hemoglobin 
are at risk for more severe anemia, or aplastic crisis, when reticulocytosis ceases as a result of 
viral infection. Classically, this is due to infection with parvovirus B19, which causes a brief 
period (usually 5 to 7 days) of reticulocytopenia. TEC is typically not due to parvovirus B19.

Pe
sp
are

congenital suppression of erythrocyte production. Congenital anemias are rare, with Diamond-Blackfan 
anemia (DBA) being the most common. DBA manifests as either a normocytic or  macrocytic anemia, and usually 
presents in the fi rst year of life. Associated physical abnormalities occur in  approximately 25% of cases (most com-
monly, radial and thumb abnormalities; sometimes abnormalities of the face and head). Recent studies have shown an 
abnormality in a ribosomal protein encoded on chromosome 19 in a subset of patients with DBA while other studies 
have shown linkage to chromosome 8. Bone marrow  aspiration or biopsy, which may be warranted if DBA is sus-
pected, shows marked reduction of RBC precursors. In addition, red cell adenosine deaminase levels are often elevated 
in DBA, aiding in the diagnosis. Treatment for patients with this condition includes corticosteroid therapy, chronic 
transfusion, and allogeneic bone marrow  transplanta tion (BMT). Other congenital anemias due to lack of erythrocyte 
production include sideroblastic anemia and 5� nucleotidase  defi ciency, which are even more rarely encountered.
secondary causes of suppression of erythrocyte production. Infi ltration of the bone marrow space 
can interfere with RBC production. Usually, this is also associated with leukopenia and thrombocytopenia. 
Diseases such as leukemia, solid tumor metastases, or rare stromal bone marrow disease (e.g., osteopetrosis) can 
be  diagnosed with bone marrow studies.

Anemia of chronic disease, which is usually normocytic, should only be a diagnosis of exclusion in chroni-
cally ill patients when there is no other explanation for anemia. Although iron stores are normal, serum ferritin 
is often increased because of infl ammation caused by the underlying condition. Th e infl ammatory process does 
not allow utilization of iron stores, and thus a reticulocytopenia develops.

Abnormalities Due to Increased Erythrocyte Destruction

Hemolysis, or erythrocyte destruction, may result from a variety of causes. Th e hemolytic anemias are marked by 
RBCs with a shortened life span. Normally, RBCs survive in the circulation for 120 days. When the  senescent 

aindices between 10-14 are indeterminate

MCV, mean corpuscular volume; RBC, red blood cell.

 TABLE 16-3

Laboratory Evaluation of Iron Defi ciency Anemia and �-Thalassemia Trait
Feature Iron Defi ciency Anemia �-Th alassemia Trait

MCV/RBC (Mentzer index)a �14 �10

RBC morphology Hypochromia Target cells/hypochromia

Serum iron Decreased Normal

Iron-binding capacity Increased Normal

% Saturation Decreased Normal

Serum ferritin Low Normal

Hemoglobin A
2

Normal or Decreased Increased

Hemoglobin F Normal Normal or increased
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cells are removed by the reticuloendothelial system, the iron contained in the hemoglobin is recycled. Th e nor-
mal reticulocyte count of 0.8% to 1% refl ects the need to replace approximately 1/120 of the RBC volume each 
day. If the production capacity of the bone marrow is normal, hemolytic anemias result in increased reticulocyte 
levels. Diseases that shorten the RBC life span can be intrinsic or extrinsic to the RBC. Intrinsic factors lead-
ing to hemolysis include mutations of the hemoglobin chains causing quantitative abnormalities of specifi c 
globin chains (thalassemia syndromes) or qualitative globin chain abnormalities (sickling syndromes), mem-
brane abnormalities (hereditary spherocytosis and elliptocytosis), and red cell enzyme abnormalities (G6PD 
and pyruvate kinase defi ciencies). Extrinisic factors leading to hemolysis include antibody-mediated hemolysis 
(autoimmune hemolytic anemia), an enlarged spleen leading to RBC sequestration, causes of  microangiopathic 
hemolysis such as disseminated intravascular coagulation (DIC) or thrombotic thrombocytopenic purpura 
(TTP)/hemolytic-uremic syndrome (HUS), and prosthetic heart valves.
thalassemias. Th e thalassemias are the most common single gene disease in humans. Th ey are a heterogeneous 
group of disorders of hemoglobin synthesis characterized by the absence or reduced output of either the � or 
� globin chains. If production of the � and � proteins is not balanced, then an abnormal hemoglobin results 
from the aggregation of the excess chains. Th e abnormal hemoglobin produced in the developing RBCs may be 
unstable, and thus die prematurely in the bone marrow (referred to as ineff ective erythropoiesis). Th e resulting 
anemia leads to an increased stimulus for RBC production and increased RBC precursors in the bone marrow, 
and also the spleen and liver (extramedullary hematopoiesis). Th e unstable hemoglobin also leads to chronic 
hemolysis as evidenced by signs of increased bilirubin (icterus or jaundice).

Th alassemias are classifi ed on the basis of whether production of the �-or �-globin chains is defective. 
Th e degree of clinical disease depends on the number of normal genes present. Humans normally have four � 
globin genes (chromosome 16) and two �-globin genes (chromosome 11). �-Th alassemia patients may have a 
deletion of one or more of the four �-globin genes. Patients with one deletion are referred to as silent carriers 
and have no hematologic abnormalies, whereas patients with two gene deletions have �-thalassemia trait and 
generally exhibit a mild anemia with microcytosis. Th ose patients with three deletions have a more severe mi-
crocytic anemia and are referred to as having �-thalassemia, or hemoglobin H disease because of the presence of 
hemoglobin H (tetramer of four �-globin chains). Deletion of all four genes usually results in fetal demise due 
to hydrops fetalis (hemoglobin Bart hydrops fetalis syndrome). Hemoglobin Bart is a homotetramer consisting 
of four gamma chains, which forms because no alpha chains are produced.

At birth the major hemoglobin is fetal hemoglobin, which is composed of two �- and two �-globin 
chains. In contrast to the �-globin gene, �-globin is not expressed until after birth, when production of � globin
decreases. Levels of adult hemoglobin, composed of two � and two �-globin chains, are low at birth and increase 
gradually over the fi rst few months of life. Th us, symptoms of �-thalassemia are usually not evident until after 
6 months of age. Similar to �-thalassemia, the severity is related to the number of genes deleted; however, there 
are only two �-globin genes. To complicate matters further, some defective �-globin genes produce no �-globin 
at all (�0 thalassemia), whereas others produce intermediate levels of �-globin (�+ thalassemia). Patients who 
are heterozygous for a �-globin deletion have �-thalassemia minor with a mild or moderate microcytic anemia 
that usually does not require transfusion. Patients who are homozygotes have �-thalassemia major (Cooley 
anemia) and suff er from severe anemia and hepatosplenomegaly that develops within the fi rst year of life. If 
patients are not treated with regular red blood cell transfusions, then expansion of the bone marrow space and 
spleen (extramedullary hematopoiesis) results in characteristic abnormal facies and pathologic fractures of long 
bones, as well as splenomegaly.

Th e form of thalassemia most often encountered by general pediatricians is that of thalassemia trait, either  
alpha or beta. Because of genetic diff erences in populations, the more severe thalassemia syndromes occur more 
commonly outside of the United States. �-Th alassemia major is encountered in the Mediterranean, Asian, and 
African populations, and the �-thalassemia syndromes are encountered in the Asian and African populations. 
Typically, severe �-thalassemia is not seen in Africans because they tend not to have two gene deletions on the 
same chromosome (trans confi guration).

Asymptomatic children with thalassemia trait usually present with microcytic anemia on routine screen-
ing for anemia. Th e primary considerations for initial management consist of excluding iron defi ciency anemia 
or lead toxicity. Mild thalassemia syndromes usually require no specifi c treatment. Patients with �-thalassemia 
are treated with hypertransfusion regimens designed to maintain hemoglobin levels between 10 and 14 g/dL. 
Because of the repeated transfusions and the body’s inability to excrete iron, these patients may develop the del-
eterious eff ects resulting from chronic iron overload, such as diabetes, growth hormone and gonadal failure, liver 
failure, and cardiac arrythmias and heart failure. Th us, it is imperative that these patients receive iron chelation 
therapy. For decades, subcutaneous or intravenous deferoxamine was the only available agent for iron chelation. 
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More recently, oral agents, such as deferasirox and deferiprone, have become available. Stem cell transplantation 
with a compatible sibling donor is the only cure for this disorder and has now become a major therapeutic  option 
for patients with �-thalassemia major.

Genetic counseling at an appropriate age should be provided because individuals with the thalassemia 
trait can pass on the aff ected gene to their children, potentially resulting in one of the more severe thalassemia 
 syndromes. Parents of newly identifi ed patients should receive counseling regarding future pregnancies.
sickle cell disease. Sickle cell disease is a chronic hemolytic anemia caused by a point mutation in the
�-globin gene, which results in the substitution of valine for glutamic acid in the sixth amino acid position of 
the �-globin chain. Th is abnormal hemoglobin polymerizes and condenses when it is in the deoxygenated state, 
leading to distortion of the RBC membrane and the characteristic sickle morphology. Sickle cells cause occlu-
sion of vessels through their interactions with the vascular endothelium as well as cytokine release by activated 
WBCs and adhesive plasma proteins. Th e abnormal behavior of the sickle RBCs in the capillaries results in 
the characteristic painful crises and end-organ damage of sickle cell disease. Cells that leave the capillary bed 
become reoxygenated on entering the arterial circulation, reform to normal shape, but then enter the capillaries 
again. Th e chronically damaged RBCs have a shortened half-life (approximately 20 days), leading to hemolysis 
and anemia.

Patients suff ering from sickle cell anemia (homozygous hemoglobin SS) typically have a hemoglobin level 
around 7 g/dL, an elevated WBC count, and a reticulocyte count of 10% to 25%. Characteristic sickle mor-
phology is evident as well as target cells and poikilocytes. Hemoglobin electrophoresis shows the presence of 
hemoglobins S and F.

Homozygous hemoglobin S (sickle hemoglobin) is the most common sickling syndrome. Other  sickling 
syndromes, which may be clinically indistinguishable from homozygous hemoglobin S, are the double heterozy-
gote conditions of hemoglobin SC (hemoglobin C is another mutation in the � chain) and hemoglobin 
S-� thalassemia.

Th e clinical complications of sickle cell disease become apparent when aff ected children are at least  
6 months old. Before that time, most of the hemoglobin is fetal hemoglobin, or hemoglobin F, which consists 
of two � chains and two � chains. However, by 6 months of age, most of the hemoglobin is hemoglobin S, 
 consisting of two � chains and two �S chains (superscript S denotes the sickle mutation in the � chain).

Th e clinical result of hemoglobin S is vaso-occlusion and resultant tissue infarction. Acutely, the infarc-
tion produces pain that is often termed pain crisis or vaso-occlusive crisis due to small vessel occlusion and 
infarction of bone and bone marrow. In infants, vaso-occlusion usually presents in the hands and feet with soft 
tissue swelling and pain, called dactylitis. It is sometimes diffi  cult to distinguish the bony pain and swelling 
of vaso-occlusive crises from osteomyelitis. In older children and adults, vaso-occlusive crises usually occur in 
the larger long bones, the back, and abdomen. Th e latter condition is easily confused with an acute abdomen 
due to infection. Sickling may also occur in the central nervous system (CNS) vasculature, resulting in strokes 
and infarction. Penile vaso-occlusion can produce painful priapism. Repeated vaso-occlusion over many years, 
whether symptomatic or asymptomatic, leads to chronic organ damage. Virtually every organ can be aff ected 
(Table 16-4). Of particular importance is the risk of complications due to chronic hemolysis (increased bilirubin 
causing gallstones and a shortened RBC life span leading to aplastic crisis).

Th e management of sickle cell disease begins at birth, with aff ected children most commonly identifi ed by 
the nationwide newborn screening program. In addition to the well-child evaluations and anticipatory guidance 
that all children receive, children with sickle cell disease should be followed in a parallel manner by a pediatric 
hematologist (Table 16-5). Most important is the implementation of penicillin prophylaxis for children during 
infancy, which dramatically decreases the incidence of sepsis in these patients.

Th e management of the complications of sickle cell disease depends on their severity. Pain crises are treated 
with hydration and analgesia (nonsteroidal anti-infl ammatory drugs  such as ibuprofen or ketorolac or narcotics 
such as morphine). Infectious complications are treated with appropriate antibiotics. Th e management of other 
complications can be found in Table 16-4.

Th e only currently available defi nitive cure for sickle cell disease is a stem cell/bone marrow transplant 
(SCT). Because of the potential morbidity and mortality of SCT, this therapy is considered only if patients 
have had severe complications, such as a stroke, recurrent priapism, recurrent acute chest or pain crises. Th e 
main treatment for prevention of vaso-oclussion in sickle cell disease is hydroxyurea. Hydroxyurea is eff ective at 
increasing fetal hemoglobin concentration, and it appears to be well tolerated with mild, reversible myelosup-
pression. Patients who receive hydroxyurea have fewer painful and other acute vasoocclusive events.
other hemolytic anemias. In children with hemolytic anemia, the history is frequently helpful in narrowing 
the diagnostic workup. However, laboratory tests are usually required for defi nitive diagnosis.
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 TABLE 16-4

Clinical Complications of Sickle Cell Disease
Organ/System Complication Symptoms Management Other

Bone Infarction Pain, tenderness, 
swelling

Hydration,
analgesia

Dactylitis in 
infants

Osteomyelitis Fever, pain,
tenderness,
swelling

Antibiotics Risk for encapsu-
lated organisms 
such as Streptococ-

cus pneumoniae and 
Salmonella

Avascular necrosis 
of the femoral or 
humeral head

Hip or shoulder 
pain

Bedrest, Ortho-
pedic interven-
tions such as hip 
replacement

Lungs Acute chest
syndrome

Chest pain,
hypoxia, infi ltrate 
on chest X-ray

RBC transfusion, 
oxygen, antibiotics

Chronic lung 
disease

Symptoms of 
pulmonary
hypertension

Central nervous 
system

Stroke Paresis Exchange trans- 
fusion, chronic 
transfusion 
therapy, BMT 
if sibling is an 
HLA-match

Transcranial 
 Doppler studies to 
identify patients 
with high risk of 
stroke

Spleen Sequestration Splenomegaly, 
anemia, thrombo-
cytopenia

Transfusion
(simple or
RBC)

Splenectomy after 
second sequestra-
tion

Immune system Sepsis, infec-
tion functional 
asplenia

Fever and other 
symptoms, de-
pending on site

Antibiotics,  
immunization,a 
penicillin 
 prophylaxis

Risk for encapsu-
lated organisms

Hematopoietic 
system

Accelerated 
hemolytic crisis

Symptoms of 
anemia, jaundice

Transfusion if 
needed, hydration

Aplastic crisis Symptoms of 
anemia

Transfusion Due to parvovirus 
B19

Skin Ulceration of 
lower extremities

Genitourinary 
system

Priapism painful erection Hydration, trans-
fusion (simple or 
exchange)

Hyposthenuria bedwetting

Gastrointestinal 
system

Cholecystitis Abdominal pain Cholecystectomy

Eyes Retinopathy vision changes laser therapy
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A family history of hemolytic anemia suggests a genetic cause. Patients with hereditary spherocytosis 
are frequently treated with splenectomy; a family history of splenectomy is suggestive. Similarly, relatives may 
have a history of gallstones, which are common in chronic hemolytic anemias. Using the history to establish 
a pattern of hemolysis is sometimes helpful. Patients with chronic hemolysis from energy production defects 
such as pyruvate kinase defi ciency or membrane defects may have long-standing histories of hemolysis, iron-
unresponsive anemia, and jaundice going back to the neonatal period. Patients with G6PD defi ciency or au-
toimmune hemolytic anemia are more likely to have a sudden onset of pallor, jaundice, and dark urine. G6PD 
defi ciency is X-linked, and thus primarily aff ects males. Patients with G6PD defi ciency may also have a history 
of drug ingestion, especially sulfa drugs, quinines, or nitrofurans, or eating of foods such as fava beans. Patients 
with autoimmune hemolytic anemia frequently have a history of antecedent infection.

Th e physical examination should focus on looking for signs of hemolysis and assessing the severity of 
 anemia. Patients with severe hemolysis, especially of sudden onset, may have signs of high-output congestive 
heart failure. Jaundice is always present in patients with severe hemolysis. Splenomegaly is common in older 
children with RBC membrane defects.

Except in patients with an aplastic crisis caused by viral infection, the reticulocyte count is generally 
 elevated in hemolytic anemias. Supportive evidence for the presence of hemolysis includes measurement of the 
serum bilirubin level lactose dehydrogenase (LDH) and the presence of urinary urobilinogen. Th e peripheral 
blood smear frequently indicates the diagnosis in patients with hereditary spherocytosis, elliptocytosis, or stom-
atocytosis, who have changes in RBC morphology typical of each disease. Additional laboratory tests required 
for specifi c diagnoses are described for each individual condition.
hemolysis due to membrane abnormalities. Inherited disorders of the RBC membrane are due to  abnormal 
proteins or abnormal protein interactions in the lipid bilayer. Th e result is decreased deformability and increased 
fragility of the RBC, which hemolyzes in the splenic microcirculation.

Hereditary spherocytosis may be either autosomal dominant or autosomal recessive, and is due to defects 
in the cell surface–associated proteins spectrin, ankyrin, or band 3. On peripheral blood smear, the cells appear 
to be spheres rather than the characteristic biconcave disk (absence of the normal central pallor). Th e diagnosis 
is confi rmed by incubating the RBCs in a progressively hypotonic solution and measuring the percentage of 
RBCs that undergo hemolysis at decreasing concentrations of NaCl (osmotic fragility test). Patients with RBC 
membrane defects will typically have an increased hemolysis. An MCHC at or above the upper limit of normal 
on an automated CBC should prompt suspicion of hereditary spherocytosis.

Hereditary elliptocytosis is inherited in an autosomal dominant fashion. Th e pathophysiology involves 
several potential sites of defects in cell surface–associated proteins. Penetrance may vary; most individuals have 
greater than 60% elliptocytes on peripheral blood smear, but some may have less than 10%. Hemolysis may be 
mild, but patients with homozygous elliptocytosis may have pyropoikilocytosis due to a compound heterozy-
gosity for elliptocytosis and a separate “silent carrier” protein defect. Pyropoikilocytosis is characterized by 
very abnormal RBCs of aberrant shapes and a high degree of hemolysis. Both hereditary spherocytosis and
hereditary elliptocytosis can be treated with splenectomy to remove the site of hemolysis. However, the RBC 
defect remains and is visible on the blood smear.
hemolysis due to enzyme defects. G6PD defi ciency, the most common RBC enzymopathy, is an  X-linked 
defect in which both males and females may be symptomatic. Frequency is highest in Mediterranean,  African, 
and Asian countries. Th e dehydrogenase enzyme is part of the hexose monophosphate shunt that replenishes the 
supply of reduced glutathione in RBCs to reduce oxidants produced during stress. Without an adequate supply of 
reduced glutathione, the unbuff ered oxidants damage the RBC membrane, resulting in hemolysis. Th ere are dif-
ferent variants of G6PD defi ciency, which can be grouped according to the ethnic background of the  individual.

 TABLE 16-4

Clinical Complications of Sickle Cell Disease (Continued)
Cardiac system Cardiomyopathy

Endocrine system Growth and 
pubertal delay

a  Particularly against encapsulated organisms such as Streptococcus pneumoniae and Haemophilus infl uenzae.

BMT, bone marrow transplantation, HLA, human leukocyte antigen.
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To make the diagnosis of G6PD defi ciency, RBC enzyme levels are measured. However, this measurement may 
be inaccurate immediately following an acute episode of hemolysis because the defi cient cells have hemolyzed, leaving 
only new reticulocytes with increased levels of enzyme. Th e oxidant stresses that  precipitate acute hemolysis in indi-
viduals with G6PD are infection, drugs, chemicals (e.g., naphthalene), and, in the  Mediterranean variant, fava beans. 
Avoidance of known precipitants and supportive care are important aspects of the management of the disease.

Pyruvate kinase defi ciency, a rare defi ciency, is inherited in an autosomal recessive pattern. It is the most 
common enzyme defi ciency in the glycolytic pathway. Th e decreased ATP production in the cell caused by the 
defi ciency is thought to result in accelerated aging and subsequent hemolysis of RBCs.
extrinsic causes of hemolysis. Immune-mediated hemolysis is an acquired process and may be autoimmune 
or alloimmune. Autoimmune hemolysis can be idiopathic or secondary to infection, exposure to certain drugs, 
or associated with a systemic process such as systemic lupus erythematosus (SLE). Alloimmune antibodies to 
antigens on RBCs can cause hemolysis as the antibody-coated cells are destroyed by the spleen. Alloimmune 
hemolysis is most classically seen in the neonatal period with ABO or Rh incompatibility in which the mother 
is antigen (A, B, or Rh)-negative, and the fetus is antigen-positive. Th e mother makes antibodies to the RBC 
antigens on the fetal RBCs, which are then destroyed. Transfusion of incompatible blood products can also 
result in an alloimmune-mediated hemolysis that can be life-threatening.

Pediatric Pearl: A Coombs test is used to identify antibodies that bind antigens on RBCs 
and indicates an immune-mediated hemolytic anemia.
Pe
an

In nonimmune hemolysis, hemolysis can occur in the spleen as a result of hypersplenism or inappropriate re-
moval of normal RBCs from the circulation. Microangiopathic hemolysis can occur outside the spleen in diseases 
such as DIC, HUS, and TTP, as well as secondary to mechanical shearing forces such as with prosthetic heart valves.
Th is type of anemia is due to shearing of the red cells across fi brin strands. Th is can be seen on peripheral blood 
smears.

WHITE BLOOD CELL DISORDERS
WBCs consist of two major cell types: myeloid cells (neutrophils, monocytes, basophils, eosinophils) and 
 lymphocytes. Myeloid cell disorders, which are presented as follows, can be grouped into quantitative and 
 qualitative abnormalities. For lymphoid cell disorders, see the discussion of the evaluation of lymphadenopathy 
in the  oncology section of this chapter as well as Chapter in 18.

 TABLE 16-5

Routine Hematologic Care of the Child with Sickle Cell Disease
Time of Visit Intervention

Initial visit Review hemoglobin analysis results
Initiate penicillin prophylaxis
Initiate parent education regarding potential complications (continue at every visit)
Ensure patient receives pneumococcal vaccines along with routine immunizations of childhood
Refer to hematologist when hemoglobin electrophoresis results are obtained, usually at 
2–3 months of age

6 months Reinforce parent education

12 months Start folic acid if reticulocyte count >3%

18 months Reinforce parent education

2 years Initiate transcranial Doppler studies and repeat every 6 months–1 year until 10 years of 
age to identify children at risk for stroke

Annual visits Provide ongoing education regarding potential complications
Perform regular eye examinations and renal function tests
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Pathophysiology
Defects of neutrophil number or function can result in susceptibility to infections. Because neutrophils are 
important for killing bacteria and fungi, infection with these organisms are most commonly observed in neutro-
penic patients. Infection with viruses is generally not problematic in patients with neutrophil disorders. Patients 
frequently develop cutaneous infections or infections at mucosal surfaces such as the mouth, lungs, or GI tract. 
In patients with severe neutropenia, occult infection may occur with minimal signs on physical examination.

Developmental changes in neutrophil number occur, just as they do for RBC. Newborns normally have 
neutrophils representing 60% of the total WBC count. Th is number declines with age, and lymphocytes become 
predominant until the age of 4 to 5 years, when neutrophil predominance recurs. Th e number of neutrophils is 
best quantifi ed as the absolute neutrophil count (ANC), which is calculated as the percent of neutrophils and 
bands � 100 � WBC/mm3. Normally, the ANC of infants older than 2 weeks of age to 1 year of age is over
1,000/mm3, and the ANC of older infants and children is greater than 1,500/mm3. In general, the risk of 
 infection increases with the degree of neutropenia.

Pediatric Pearl: Children with ANCs less than 500/mm3 are at highest risk for developing 
overwhelming infection.
Pe
ov

Clinical and Laboratory Evaluation

History

Evaluation of the medical history of children with suspected disorders of neutrophil function or number should 
primarily focus on infections. It is necessary to evaluate for a family history of severe, recurrent, or fatal bacterial 
infections. Th e history of the particular child, especially with regard to growth, infections of the skin, periodon-
tal tissues (gingivitis, oral ulcers), sinuses, and lower respiratory tract, is important. Other specifi c historical 
events that should be considered include delayed separation of the umbilical cord (leukocyte adhesion defi ciency 
[LAD]) and widespread granuloma formation (chronic granulomatous disease [CGD]).

Physical Examination

Th e level of acuity should be assessed fi rst. Children in shock are probably septic and require prompt attention to 
potential bacterial or fungal infections. Neutropenic children who are febrile, even though they are not in shock, 
also require immediate diagnosis and treatment for presumed infection. Many children with neutrophil disorders 
appear to be chronically ill with abnormal weight and height, diminished muscle mass, and listlessness. Th e exami-
nation of neutropenic children must take into account the fact that most of the physical fi ndings of infection (e.g., 
redness, swelling) require neutrophilic infi ltration to become manifest and thus may be absent in these patients. 
Th us, only local tenderness may mark an area of infection. Careful palpation of potentially infected areas is there-
fore essential to determine whether infection is present. A perianal examination is particularly important. Th e 
condition of the teeth and mouth is noteworthy; neutrophilic disorders frequently result in chronic oral infections. 
Children with Chédiak-Higashi syndrome have abnormal pigmentation with very pale skin and silver hair.

Laboratory Evaluation

Th e laboratory examination begins with a CBC to determine whether neutropenia is present. Th e  morphology 
of the neutrophils may also provide a clue. In LAD, the WBC count becomes very elevated (more than 
30,000 mm3). In suspected CGD, the nitroblue tetrazolium test, which is based on the ability of the neutrophil 
respiratory burst to alter the color of an oxidized compound, is warranted. Specialized tests of neutrophil func-
tion are necessary to diagnose other disorders such as LAD, actin defi ciency, or Chédiak-Higashi syndrome.

Differential Diagnosis
Quantitative Myeloid Cell Disorders

Neutropenia is used to describe a decreased number of neutrophils. Neutropenia can be congenital or acquired, 
and etiologies are listed in Table 16-6.

770309_Ch_16.indd   423770309_Ch_16.indd   423 5/6/11   1:03:43 PM5/6/11   1:03:43 PM



424   SECTION II ■ PEDIATRIC SUBSPECIALTIES

congenital neutropenias. Kostmann syndrome, or congenital agranulocytosis, results from maturational 
arrest of myeloid precursors in the bone marrow. Life-threatening bacterial infections develop soon after birth. 
Aff ected patients have an increased incidence of leukemia and myelodysplastic syndrome. Treatment may in-
volve granulocyte colony-stimulating factor (G-CSF), although often these patients may not respond to this 
cytokine. Mutations in the HAX-1 gene have been identifi ed in a subset of these patients. Stem cell transplanta-
tion is recommended for these patients.

Shwachman-Diamond syndrome is a syndrome of short stature, exocrine pancreatic dysfunction, and neutro-
penia. Aplastic anemia develops in as many as 25% of patients, and leukemia in at least 5%. Inheritance is autosomal 
recessive. Patients may also be small, have poor growth, and have a bony abnormality (metaphyseal dysplasia).

Severe Chronic Neutropenia (SCN) is a disease also resulting from mutations in the ELA-2 gene, al-
though usually in diff erent exons than those mutations leading to cyclic neutropenia.

Cyclic neutropenia leads to periods of normal WBC counts that alternate with periods of neutropenia 
(mean oscillatory period, about 21 days). Th e disease, which may also be familial, is autosomal dominant in 
10% of cases. Recurrent fever, gingivitis, mouth ulcers, and lymphadenopathy may develop during periods of 
 neutropenia. Th is disorder is due to a mutation in the neutrophil elastase gene (ELA-2).

Congenital benign neutropenia, as the name implies, is not associated with increased risk of infection. 
Th e condition may be familial. Patients often mount a neutrophil response during infections.
acquired neutropenias. Decreased marrow production leading to neutropenia may be associated with drugs 
such as chemotherapeutic agents, anticonvulsants, immunosuppressive agents, and other medications. Toxins such 
as benzene may also have a similar eff ect. Viral or bacterial infections and leukemia or metastatic solid tumors in 
which malignant cells infi ltrate the bone marrow may also suppress bone marrow function and cause neutropenia.

Increased peripheral destruction or consumption may be a result of overwhelming infection if the rate of 
consumption of neutrophils at the site of infection exceeds the rate of production in the bone marrow. Immune-
mediated neutropenia can be alloimmune, which is seen in neonates with maternally generated antibodies, or 
autoimmune, such as with lupus. In hypersplenism, WBC trapping in the spleen can lead to neutropenia.
neutrophilia. An increased neutrophil count is most often seen with infection. A leukemoid reaction is a 
markedly increased WBC count in which the diff erential consists of immature myeloid precursors not usually 
seen in the periphery. Leukemoid reactions are common in infants with infection and, in particular, those with 
Down syndrome.

 TABLE 16-6

Causes of Neutropenia in Childhood
Congenital

 Kostmann syndrome

 Severe chronic neutropenia

 Shwachman-Diamond syndrome

 Congenital benign neutropenia

 Cyclic neutropenia

Acquired

 Drug-induced

 Toxins

 Infection (suppression and destruction)

 Immune-mediated

 Alloimmune

 Autoimmune

 Hypersplenism
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Acute myeloid leukemia (AML) may be associated with a high WBC count, but most often the cells 
seen on the peripheral blood smear are very immature myeloid cells known as blasts, as opposed to the  mature 
 neutrophils, band forms, and myelocytes seen with a leukemoid reaction (see Acute Myeloid Leukemia). Often 
a bone marrow aspirate is needed to diff erentiate leukemia from a leukemoid reaction.

Qualitative Myeloid Cell Disorders

Neutrophil dysfunction may be due to rare genetic mutations that can occur at various sites in the pathway of 
normal neutrophil function (see Chapter 18). Inheritance may be X-linked or autosomal recessive.

CGD results from the inability of WBCs to form the bactericidal product hydrogen peroxide due to 
 mutations in the neutrophil oxidase system. Children with CGD have lymphadenopathy and recurrent  abscesses 
that require drainage.

LAD is due to an inherited defi ciency of adherence glycoproteins (CD11, CD18) that normally allow the 
WBCs to adhere to endothelium and migrate to sites of infection. Aff ected children have poor wound healing, 
with recurrent infections of the skin and mucosal surfaces.

Defects in opsonization include defi ciencies in the complement system. Patients with absent or 
 dysfunctional spleens, such as patients with sickle cell disease, can also have defective opsonization.

Chédiak-Higashi disease is an autosomal recessive disorder in which there is abnormal fusion of the 
 neutrophil granules resulting in the formation of giant granules that interfere with bacterial killing. Th e disorder 
is associated with partial oculocutaneous albinism, photophobia, and rotary nystagmus.

Management
Th e treatment of neutropenia includes the immediate management of infection as well as long-term eff orts to 
either minimize infection or treat the underlying disorder. It is assumed that children with neutropenia and fever 
are infected, and they usually receive broad-spectrum antibiotics. Th e precise combination of antibiotics largely 
depends on institutional experience and patterns of antibiotic resistance in the community. Patients with  localizing 
signs of infection (e.g., staphylococcal skin abscess) can be treated with a more specifi c  antibiotic regimen.

Treatment of the underlying cause of the neutropenia is dependent on the precise etiology.  Congenital 
agranulocytosis has been cured by histocompatible BMT. Patients have also been successfully treated with 
chronic administration of recombinant G-CSF, a hormone that regulates the diff erentiation of myeloid 
cells. Autoimmune neutropenia is treated with immunosuppressive therapy. If a drug is suspected of causing
neutropenia as an idiosyncratic reaction, every eff ort must be made to withdraw the off ending drug. Neutropenia 
from chemotherapeutic drugs may require modifi cation of subsequent doses. Patients with benign congenital 
neutropenia and cyclic neutropenia benefi t from careful oral and skin hygiene and the cautious use of antibiotics.

Th e management of defects of neutrophil function must focus both on the immediate treatment of existing 
infections and on long-term management. Th e presenting infections for children with either LAD or CGD are 
frequently serious, requiring intensive antibiotic therapy. Leukocyte transfusions have been used as an adjunct 
to the treatment of LAD-associated infections. Th e optimal treatment for LAD is histocompatible BMT from 
a sibling donor, which can be curative. Unfortunately, most patients do not have access to a donor and receive 
only supportive therapy with antibiotics. CGD is also responsive to BMT, but because of the infrequency of 
matched donors and the relatively high risk associated with BMT, most patients are currently receiving alterna-
tive treatment. Treatment with interferon-� decreases the risk of infections in patients with CGD, although the 
benefi cial eff ect is probably not due to enhanced activity of the oxidative burst. Supportive care also includes use 
of prophylactic antibiotics, especially trimethoprim-sulfamethoxazole.

PLATELET DISORDERS (SEE DISORDERS OF HEMOSTASIS AND THROMBOSIS)

SYNDROMES OF BONE MARROW FAILURE
When bone marrow fails to function, a loss of eff ective production of mature RBCs, myeloid cells, and platelets 
occurs. Th is loss of production is due either to a decreased number of hematopoietic precursors or to reduced func-
tion of the precursors. Only one or two cell lines may be aff ected. Th e congenital bone marrow failure  syndromes, 
which are characterized by cytopenias, eventual aplastic anemia, myelodysplastic syndrome, or  leukemias are often 
accompanied by congenital anomalies. Th ese disorders include Fanconi anemia,  thrombocytopenia absent radii, 
and dyskeratosis congenita. Acquired bone  marrow failure syndromes include aplastic anemia and paroxysmal 
nocturnal hemoglobinuria. Except for thrombocytopenia absent radii, in which the hematologic abnormality 
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usually resolves after the fi rst year of life, BMT may be required and can be curative; however, the potential mor-
bidity associated with the procedure may be signifi cant. Patients with Fanconi anemia and dyskeratosis congenita 
are at increased risk for the development of AML and require frequent and careful monitoring.

DISORDERS OF HEMOSTASIS AND THROMBOSIS
Trauma to blood vessels constantly occurs in day-to-day activities, and a complex system for the regulation of blood 
clotting has evolved to protect the body from serious bleeding. Bleeding disorders may involve defects of the platelet 
system, which forms the initial platelet plug at the site of vessel injury, or the coagulation system, which forms the clot 
that stabilizes the vessel until tissue repair occurs. Th ese two components also interact in complex ways. Platelets are 
fragments of megakaryocytes, precursor cells that reside in the bone marrow. Production of megakaryocytes is under 
the control of a secreted protein called thrombopoietin, much as RBC production is controlled by erythropoietin.

Pathophysiology
Th e fi rst step in blood clotting occurs when endothelial cells are damaged (e.g., by trauma). Platelets do not normally 
stick to the endothelium, but after injury, they attach to the endothelial cells through several mechanisms. Damaged 
endothelial cells bind a circulating protein, von Willebrand factor (vWF), which in turn binds to the platelets and me-
diates the association of platelets with the endothelium. Exposed collagen also leads to the  binding of platelets to dam-
aged tissue. After one platelet adheres to the endothelium or tissue, it becomes activated, releases mediators of clotting 
and infl ammation, and aggregates with other platelets. Th e aggregated platelets congeal to form a platelet plug, which 
usually stops bleeding from the damaged blood vessel within minutes. Th is is often referred to as primary hemostasis.

In addition to the platelet plug, blood clotting involves a series of enzymatic reactions that result in the transfor-
mation of a plasma protein, fi brinogen, into polymerized fi brin strands. Th e fi brin acts as a cement that stabilizes the 
platelet plug. Th e generation of fi brin is the culmination of two diff erent pathways, one initiated by proteins extrinsic 
to the plasma, and the other started by proteins present in the plasma (Figure 16-3). Th e clotting cascade contains 
proteins with protease activity, which results in partial cleavage and activation of the next protein in the pathway.

Clinical and Laboratory Evaluation
History

Evaluation of children for bleeding disorders usually occurs for two reasons: (1) history of unusual  bleeding 
or (2) an abnormal result on a routine screening test, often obtained prior to an elective surgical procedure.
If bleeding is present, a careful description of the bleeding episode is helpful in determining the cause.

Pediatric Pearl: Mucocutaneous bleeding and petechiae are more typical of platelet or 
collagen vascular disorders (wet bleeding is more typical of primary hemostasis disorders), 
whereas joint or soft tissue bleeding is more characteristic of clotting factor defi ciencies.

Pe
co
wh

Serious bleeding episodes may be seen in children with preexisting bleeding disorders who are suff ering 
from an acute exacerbation or undergoing surgery as well as in patients with bleeding diatheses acquired as 
the result of other illness. Patients with severe bleeding usually carry the diagnosis of a bleeding disorder and 
have a preexisting history, but they may have a newly acquired disorder with no previous history. Occasionally, 
 detection of inherited bleeding disorders occurs after the onset of severe bleeding that requires hospitalization.

Th e history should focus on sites of previous bleeding. Petechiae (nonblanching lesions less than 2 mm in size) 
usually indicate a platelet disorder, rather than a clotting protein disorder. Bleeding from the nose, purpuric bleeding 
in the skin, intracranial hemorrhage, GI tract bleeding, or genitourinary tract bleeding can occur with either condi-
tion. Children with a history of fat malabsorption are susceptible to vitamin K defi ciency.  Children with liver disease 
may develop a coagulopathy due to lack of production of a number of clotting proteins.  Children with known platelet 
or coagulation disorders who complain of headaches must be carefully evaluated and presumptively treated for CNS 
hemorrhage. When evaluating children with suspected coagulation  disorders, a careful family history is warranted. 
Factor VIII and factor IX defi ciencies, the most common forms, are both X-linked and aff ect only males.

Physical Examination

Th e physical examination should include a thorough evaluation for sites of bleeding. In children with suspected 
platelet disorders, it is necessary to search for petechiae. In addition, a careful examination for signs of SLE is  useful; 
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immune thrombocytopenia purpura (ITP) may be associated with SLE, especially in older children.  Children 
with suspected thrombocytopenia with signifi cant adenopathy, organomegaly, or bone pain are more likely to have 
leukemia or a malignancy other than ITP. Signs of chronic hepatic disease such as varices may be present. Deep 
hematomas are usually the result of a clotting protein abnormality. Patients with iliopsoas  hemorrhages may pres-
ent with abdominal pain that mimics appendicitis as well as neurologic signs due to  compression of the lumbar 
plexus and numbness over the medial thigh. Patients with known clotting abnormalities who have major trauma 
warrant careful  examination for sites of bleeding in soft tissues, the mouth, abdomen, and brain.
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HMW kininogen
"surface"
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membrane Ca2+
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FIGURE 16-3. Th e coagulation cascade involves enzyme complexes comprised of serine proteases, cofactors,  divalent 
 cations, and a tissue surface. Th e intrinsic and extrinsic pathways converge to a shared fi nal common pathway. Th e 
 prothrombin time measures the intrinsic pathway; the activated partial thromboplastin time measures the extrinsic pathway. 
HMW, high molecular weight. 
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Laboratory Evaluation

Th e major coagulopathies encountered in children are characterized by certain laboratory abnormalities
(Table 16-7). Initially, the pediatrician should be able to distinguish platelet from coagulation protein disorders. 
Th e platelet count helps in evaluation for quantitative disorders. Th e platelet function screen (PFA-100) and the 
bleeding time detect numerical and functional defects of platelets. Th e PFA-100 is a recently developed test that 
uses whole blood and a variety of platelet stimulants to determine a closure time, or a time to develop a clot. Th is 
test is often used as a screening tool and has replaced the bleeding time. Th e bleeding time is performed by using 
a special template to create a 1-cm long, 1-mm deep incision, repeatedly blotting the wound, and measuring the 
time required for bleeding to stop. (Because the results of a bleeding time can be infl uenced by the technique of 
the person performing the test [e.g., site of incision, amount of pressure with which the template is held against 
the skin to make the incision], the results have the potential to be misleading.) Both the PFA-100 and the 
bleeding time are abnormal in both numerical and qualitative disorders of the platelets. Th e prothrombin time 
(PT) detects defects of the extrinsic and common pathways, whereas the partial thromboplastin time (PTT) 
evaluates the intrinsic and common pathways. Special platelet coagulation studies are now available to evaluate 
platelet function; these tests should be considered instead of bleeding time.

In children with abnormal screening tests but with no signifi cant bleeding history, the laboratory evaluation can 
be more focused (Figure 16-4). Specifi c tests of factor levels are necessary to further defi ne inherited defi ciencies.

PLATELET DISORDERS

Quantitative Disorders of Platelets
Platelets arise from megakaryocytes in the bone marrow. As the platelet count decreases, the risk of bleeding 
increases. A platelet count below normal (150,000/mm3) is termed thrombocytopenia, which may be due to 
decreased production in the bone marrow or increased destruction peripherally.

Causes of decreased bone marrow production of platelets include infection; an infi ltrative bone marrow 
process such as leukemia; and congenital abnormalities in platelet production such as congenital megakaryocytic 

 TABLE 16-7

Laboratory Abnormalities in Coagulopathies

Type of Coagulopathy PT PTT Platelets Factor Levels

Factor VIII defi ciency 
(hemophilia A)

Normal Prolonged Normal VIII decreased

Factor IX defi ciency
(hemophilia B)

Normal Prolonged Normal IX decreased

Factor VII defi ciency Prolonged Normal Normal VII decreased

Vitamin K defi ciency Prolonged Prolonged Normal II, VII, IX, X 
decreased

Liver disease Prolonged Prolonged Normal Decreaseda (ex-
cept factor VIII)

Disseminated
intravascular coagulation

Prolonged Prolonged Decreased Decreased 
(including factor 
VIII)

vWD Normal Normal or 
prolonged

Normal, de-
creased in type 
IIB vWD

VIII decreased 
in type I and
III vWD

Th rombocytopenia Normal Normal Decreased Normal

a   Factor VIII is made in endothelial cells and levels are not decreased in liver disease.

PT, prothrombin time; PTT, partial thromboplastin time, vWD, von Willebrand disease.
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hypoplasia, thrombocytopenia absent radii, aplastic anemia, or Wiskott-Aldrich syndrome. An X-linked disease, 
Wiskott-Aldrich syndrome causes variable degrees of thrombocytopenia and both cell-mediated and humoral 
immune defi ciency leading to autoimmune processes like ITP. Aff ected boys, who have frequent infections with 
encapsulated organisms, may have eczema. Th e disease is allelic with isolated X-linked thrombocytopenia, both 
being due to mutations of a gene called WASP.

Increased destruction of platelets in children is most commonly due to ITP. Children usually have 
a  history of antecedent viral infection. Patients most often present with extensive bruising, and platelet 
counts can be quite low (less than 10,000/mm3). Associated bleeding may occur, and intracranial hemor-
rhage occurs in less than 1% of patients. Treatment includes intravenous immunoglobulin, anti-D antibody 
in Rh+ patients only, and steroids. Rarely, platelet transfusions are used in emergent situations. For patients 
with chronic ITP ( lasting longer than 6 to 12 months), splenectomy or rituximab (anti-CD20 antibodies) 
may be considered.

Immune-mediated platelet destruction can also be encountered in autoimmune disorders such as SLE. 
Th rombocytopenia due to peripheral destruction or consumption can be due to DIC associated with infec-
tion, or the Kasabach-Merritt syndrome, which is the occurrence in infants of localized DIC within a giant 
 congenital hemangioma.

Th rombocytosis is an abnormally high platelet count, defi ned as greater than 450,000/mm3. Because plate-
lets are an acute phase reactant, thrombocytosis may often be seen in the setting of infection or other stress; this 
condition is a common fi nding in patients with Kawasaki disease (see Chapter 14). Th rombocytosis can also be 
seen in iron defi ciency or in states of increased production of another cell line such as in patients with chronic 
hemolytic anemia or in patients lacking a spleen (e.g., patients with sickle cell disease often have elevated 
platelet counts). Th rombocytosis is also associated with neuroblastoma. Th rombocytosis may also be seen with 
certain types of myelodysplastic syndrome. Th is condition is much more common in adults. In extremely high 
platelet counts (usually over 1.5 million/dL) that persist over time, the diagnosis of essential thrombocytosis, 
which is a myeloproliferative disorder due to a JAK-2 or MPL (thrombopoietin receptor) mutation, should be 
considered.

Qualitative Disorders of Platelets
Th e most common inherited bleeding disorder is von Willebrand disease (vWD), due to decreased, absent, 
or abnormal vWF protein. Th e role of vWF is twofold: (1) it is necessary for platelet adhesion to the vascular 
 endothelium and (2) it stabilizes the clotting factor VIII. Aff ected children may have mucosal bleeding (epistax-
is, bleeding with tooth eruption, heavy menstrual bleeding); the extent varies depending on the type of disorder. 
Type I disease (all multimers present) is due to a mild quantitative decrease in vWF, type II disease (large 
multimers absent) is due to qualitative abnormalities of vWF, and type III disease (all multimers absent) is the 
most severe with essentially no detectable vWF. Laboratory evaluation includes vWF levels; vWF  multimeric 

Prolonged PTT

Correction of assay No correction 

Factor deficiency
(e.g., hemophilia or 

deficiency of factor XI or XII)

Inhibitor
(e.g., transient inhibitor,

lupus anticoagulant)

Mixing study

FIGURE 16-4. Approach to the evaluation of prolonged partial thromboplastin time (PTT).
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analysis; factor VIII levels; and ristocetin cofactor assay, which is an indirect measure of platelet aggregation. 
Formal platelet aggregation studies are usually not necessary.

Treatment for patients with mild disease consists of desmopressin (1-desamino-8-D-arginine vasopressin), 
which promotes endothelial release of vWF. Many subtypes of type II disease do not respond to  desmopressin, 
which is contraindicated in some (patients with the IIB subtype) because it causes thrombocytopenia. In 
 patients who are not candidates for desmopressin, concentrates of plasma-derived vWF and factor VIII such as 
antihemolytic factor/vWF complex (human) are available. Antifi brinolytic agents such as 	-aminocaproic acid 
are used to stabilize clots in patients with mucosal bleeding.

CONGENITAL COAGULATION DISORDERS (HEMOPHILIAS)
Th e two most common inherited defi ciencies of coagulation proteins are due to mutations in the genes for factor VIII 
(hemophilia A) and factor IX (hemophilia B or Christmas Disease). Factor VIII defi ciency accounts for approxi-
mately 80% of cases. Both diseases are X-linked. Th e family history is positive in about half of patients. Th ese two 
disorders aff ect all ethnic groups equally, with a frequency of approximately 1/5,000 male births (1/10,000 births). 
Th e clinical severity depends on the level of coagulation protein activity in the plasma, which can vary considerably; 
however, severity tends to be similar among aff ected family members. Aff ected boys may present in infancy with ex-
cessive bleeding after circumcision or hematoma formation after intramuscular injection. As they become older, easy 
bruising and severe bleeding into soft tissues or joints after minimal trauma occurs. Most patients have experienced 
severe bleeding by the end of the fi rst year of life. Diagnosis is confi rmed by abnormalities of the PTT and by specifi c 
assays for factors VIII or IX. Treatment consists of infusion of  appropriate recombinant factor concentrates.

Other less common factor defi ciencies include those of factors VII, XI, and XII. Factor VII defi ciency 
will have an isolated elevation in the PT. Factors VII and XI defi ciencies exhibit variable bleeding, and are 
initially detected by an isolated increased PTT (similar to factors VIII and IX defi ciencies). Factor XII defi -
ciency is not associated with clinical bleeding, although the PTT is slightly prolonged. Defi ciencies of factors 
V, X,  prothrombin will exhibit prolonged PT and PTT. Factor XIII defi ciency is not detected by PT or PTT, 
 however, and can be severe. Th is disorder has a history of delayed bleeding (4 to 5 days) after surgery or injury. 
A specifi c assay for factor XIII is needed for diagnosis.

ACQUIRED COAGULATION DISORDERS

Vitamin K Defi ciency
Defi ciency of vitamin K, a fat-soluble vitamin, results in the inability to carboxylate the vitamin K–dependent 
clotting factors (II, VII, IX, and X). Carboxylation is necessary for the formation of coagulation complexes 
between the clotting factors and the phospholipid membranes of platelets and endothelium. PT and PTT are 
both prolonged.

In neonates, hemorrhagic disease of the newborn occurs as a result of poor transfer of vitamin K across the 
placenta, relative defi ciency of clotting factors in the neonate, and the low concentration of vitamin K in breast 
milk. An early form of this disease occurs in mothers treated with certain medications (e.g., anticonvulsants, 
warfarin) while pregnant. A routine intramuscular injection of vitamin K at birth prevents classic hemorrhagic 
disease of the newborn, which occurs at 2 to 7 days of age.

In older children, vitamin K defi ciency is seen in the setting of malabsorption (e.g. crohn disease, celiac 
disease, cystic fi brosis), prolonged antibiotic therapy, or warfarin (rat poison) ingestion. Treatment with vitamin 
K intramuscularly corrects the PT in 4 to 8 hours. If immediate correction is indicated, fresh frozen plasma or 
prothrombin complex concentrates can be  administered to supply carboxylated clotting factors.

Other Acquired Coagulation Disorders
DIC or consumption coagulopathy may occur in the presence of diseases, particularly sepsis, that cause hypoxia, 
acidosis, shock, or tissue necrosis. Widespread intravascular deposition of fi brin leads to further tissue ischemia, 
generalized hemorrhage, and a microangiopathic hemolytic anemia. Bleeding may begin around the sites of 
intravenous lines or surgical incisions. Infarcts may occur of both internal organs and areas of the skin.

Th e vast majority of patients with liver disease have some form of coagulation defect as determined by 
laboratory testing, although clinically signifi cant bleeding develops in a much smaller group of patients. Th e 
 abnormality results from a decrease in the synthesis of all the clotting factors except factor VIII, which is typi-
cally elevated in liver failure. Th e severity is related to the degree of hepatic damage.

770309_Ch_16.indd   430770309_Ch_16.indd   430 5/6/11   1:03:44 PM5/6/11   1:03:44 PM



CHAPTER 16 ■ HEMATOLOGY AND ONCOLOGY    431

THROMBOPHILIA (HYPERCOAGULABILITY)
Just as coagulation factors are needed to form a clot, factors are needed to prevent extension of the clot  beyond 
what is necessary. Clinically, venous or arterial thromboses and pulmonary emboli are potential signs of 
 hereditary hypercoagulable states. Th e evaluation of children with thromboembolism should be directed toward 
identifying whether there is an underlying hereditary or acquired abnormality leading to thromboses involving 
veins,  arteries, or the microvasculature. Th e list of factors that play a role in regulating the extent of thrombus 
formation is growing as research in the fi eld identifi es new factors and new genetic mutations.

Several environmental factors can increase the risk of thrombosis, including postoperative immobility, 
 infection, smoking, dehydration, an indwelling venous catheter, and certain medications (e.g., oral  contraceptives, 
L-asparaginase). Evaluation for inherited predisposition is indicated to determine whether long-term 
 anticoagulation is necessary. In many situations, once the environmental factor is removed, there is no need for 
long-term anticoagulation.

Evaluation of patients with a suspected inherited predisposition to thrombophilia includes assays for 
 defi ciencies of protein C, protein S, and antithrombin III (measured by levels of protein activity); genetic 
 analyses for the factor V Leiden mutation, which confers resistance to activated protein C, prothrombin 
 mutation, and methylene tetrahydrofolate reductase mutation; and serum tests for lupus anticoagulant and 
anticardiolipin antibody (associated with the antiphospholipid syndrome).

EXCESSIVE BLEEDING IN SURGICAL PATIENTS
Pediatricians are often asked to evaluate surgical patients for hematologic problems both pre- and postopera-
tively. Th e usual reasons for consultation are concern about either anemia or bleeding. Accordingly,  clinicians 
should seek a past medical history of anemia or bleeding. Th e reason for surgery should be considered in
determining whether a hematologic problem exists. For example, a child undergoing abdominal surgery for GI 
bleeding (e.g., Meckel diverticulum) might have iron defi ciency anemia. Th e physical examination should also 
focus on signs of either anemia or bleeding.

Preoperative Evaluation
Th e most important screening preoperatively is the family history and the patient's own bleeding history. 
 Medication history is also important. However, screening laboratory tests are frequently ordered. In general, 
for moderate- to high-risk surgery (e.g.,  orthopedic, intra-abdominal, cardiac, neurologic), a CBC with platelet 
count, PT, and PTT, and PFA-100 are often obtained. For low-risk surgery (e.g., herniorrhaphy), a hematocrit 
is usually adequate if the history and physical examination are normal. Elective surgery can usually be performed 
when the hemoglobin level is 10 g/dL, the platelet count is normal, and the PT and PTT are normal. If the he-
matologic tests are abnormal in a child scheduled for  elective surgery, it is better to postpone the surgery until the 
cause of the abnormality is determined. If surgery is urgent, then correction of the abnormality may be necessary. 
Management of the anemic child might include packed RBCs to achieve hemoglobin of 10 g/dL. In patients 
with thrombocytopenia, transfusion to a platelet count of greater than 50,000/mm3 is adequate, but additional 
 intraoperative platelet transfusions may be necessary. Correction of clotting abnormalities might include infu-
sions of fresh frozen plasma or cryoprecipitate, with administration of vitamin K to correct the defect.

Postoperative Bleeding
A careful examination of the patient is essential. Children with bleeding only at the site of surgery are likely to 
have a surgical problem, rather than a bleeding diathesis, especially if the preoperative history, physical examina-
tion, and screening tests are normal. Th e pediatrician should look for other sites of bleeding (e.g., endotracheal 
tube, mucous membranes, skin, sites of intravenous or intra-arterial line).

Diff use bleeding may be due to DIC or a previously undiagnosed bleeding diathesis. Surgical patients who 
have undergone open-heart surgery, neurosurgery, trauma, or sepsis are at particular risk for DIC. Laboratory 
tests for the patient with excessive postoperative bleeding should include a CBC with platelet count, PT, PTT, 
fi brin split products, and fi brinogen levels. Patients with DIC have a low platelet count, prolonged PT and 
PTT, elevated fi brin split products, and decreased fi brinogen levels. Th e blood smear may also show microan-
giopathic changes in RBC morphology. Patients exhibiting a drop in platelets who have been on heparin may 
have heparin-induced thrombocytopenia and a work-up should ensue.
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ONCOLOGY

LYMPHADENOPATHY
Hematologists–oncologists and infectious disease specialists are frequently asked to examine children with 
lymphadenopathy, which usually occurs as a result of infection or infi ltration with infl ammatory or  malignant 
cells. Lymphoid tissue grows at a very rapid rate during childhood. Because children are constantly being  exposed 
to new infectious agents, lymphadenopathy is a frequent occurrence, and palpable lymph nodes in the cervical, 
axillary, and inguinal areas are common. Lymph nodes more than 2.5 cm in diameter or located in other areas 
are more likely to indicate the presence of a disease process.

Localized lymphadenopathy is more frequently associated with a bacterial or fungal infection in the 
 region drained by that particular group of lymph nodes. Th us, a basic knowledge of patterns of regional 
lymph node drainage is useful in the assessment of lymphadenopathy. For example, a child with isolated 
submental or  submandibular lymphadenopathy may have a dental or gingival infection but is unlikely to 
have a scalp  infection. Diff use adenopathy is more suggestive of viral infection, storage disease, leukemia, 
or chronic  autoimmune  disease. Popliteal and inguinal lymphadenopathy may be due to a lower extremity 
infection. When a lymph node is enlarged as a result of infection, resolution of the infection is associated 
with shrinkage of the lymph node back to normal size. When a lymph node has been enlarged for a pro-
longed period, usually more than 1 month, the lymphadenopathy is considered chronic. Administration 
of appropriate antibiotic treatment leads to the resolution of most infection-related adenopathy within 
2 weeks. Persisting signifi cant adenopathy or nodes increasing in size in the face of antibiotic therapy need 
further investigation.

CLINICAL AND LABORATORY EVALUATION
History

Th e history should focus on the duration of lymphadenopathy and antecedent history. A history of trauma or 
infection to distal areas drained by the node is particularly important. Exposure to bacteria via a cat scratch, tick 
bite, rodent or other animal bite, or distal wound warrants careful exploration. Generalized symptoms such as 
fever, anorexia, weight loss, joint or bone pains, and diarrhea may indicate a systemic illness.

Physical Examination

Experience with palpation of lymph nodes is invaluable in the assessment of lymphadenopathy. Lymph nodes 
should be characterized by location, number, size, consistency, mobility, and attachment to skin and soft tissues. 
Infected lymph nodes may be fl uctuant, tender, and matted together, and have overlying superfi cial erythema. 
A sinus tract, with or without drainage, is relatively common in tuberculosis, but can also be seen in aspergillosis 
or actinomycosis. Lymph nodes that are enlarged as part of the systemic response to infection tend to be diff use 
and not fl uctuant, but may be tender. Lymph nodes that are enlarged because of malignancy tend to be rubbery 
and fi rm and can be matted down, especially if the malignancy is a solid tumor. Supraclavicular lymph nodes 
on the left side may be derived from an intra-abdominal malignancy spreading through the thoracic duct, such 
as Hodgkin or non-Hodgkin lymphoma (NHL). Right-sided supraclavicular lymphadenopathy is more often 
associated with intrathoracic or pulmonary diseases.

Other noteworthy physical features include hepatosplenomegaly, jaundice, wasting, bruising, petechiae, 
or pallor. A detailed examination to look for evidence of local infection in the areas drained by regional lymph 
nodes is necessary (e.g., throat in the presence of cervical lymphadenopathy).

Laboratory Evaluation

Children with lymphadenopathy should have a CBC with diff erential, a tuberculin skin test, and culture 
of  relevant primary sites of infection (e.g., throat with cervical adenitis). A chest radiograph is necessary if 
no  localized site of infection can be identifi ed to account for the lymphadenopathy. In children with diff use 
 adenopathy, appropriate serologic tests include those for Epstein-Barr virus, cytomegalovirus, and Toxoplasma 

gondii. If localized adenopathy persists despite an appropriate course of antibiotics, usually of 2 weeks’ duration, an
excisional lymph node biopsy may be indicated.

If leukemia is suspected, a bone marrow aspirate should be obtained prior to referral to a surgeon because 
a leukemic marrow would make a surgical node biopsy unnecessary. Th e biopsy material should be stained 
for  histopathology and for evidence of infection, including Gram stain, acid-fast bacteria, and fungal stains. 
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It should be sent for culture for these organisms. In the event that the lymph node demonstrates malignancy, 
the pathology laboratory should be prepared to perform a careful analysis for lymphoma or leukemia with 
monoclonal antibody staining by fl ow cytometry and cytogenetics. It is important to consider fl orescence in 
situ  hybridization should the sample of marrow be positive for malignancy. It is essential that the pediatrician, 
surgeon, and pathologist coordinate the tests to be done in advance of the biopsy.

Differential Diagnosis
Th e diff erential diagnosis of lymphadenopathy is quite extensive, including infections, noninfectious infl am-
matory diseases, malignancies, and storage diseases. It may help to distinguish localized from generalized 
lymphadenopathy according to its common causes (Table 16-8). Not all swellings are due to lymphadenopathy.
Congenital malformations such as thyroglossal duct cysts, branchial cleft cysts, cystic hygromas, or tumors such 
as neuroblastoma and rhabdomyosarcoma can cause neck masses that may be mistaken for lymphadenopathy.

Management
Th e management of children with localized lymphadenopathy depends on the suspected etiology. In  children 
with infections of the oropharynx such as streptococcal pharyngitis, treatment with a �-lactam antibiotic 
(e.g., amoxicillin, amoxicillin–clavulanic acid, cefuroxime) is adequate. When Staphylococcus aureus is suspected,
a �-lactamase-resistant antibiotic is required. Parenteral administration may be necessary if swallowing
diffi  culties or severe emesis is present.

For children with infections of the extremities causing regional lymphadenopathy, coverage for both 
 streptococcus and staphylococcus is recommended. For these bacterial infections, parenteral antibiotics are 
 usually warranted. Diff use lymphadenopathy due to viral infection is usually managed by observation after 
 obtaining a CBC and appropriate viral titers or cultures. In such viral infections, resolution of  lymphadenopathy 
usually occurs within 1 month. Children with suspected malignancy should be referred to a pediatric 
 hematologist–oncologist; the care of such children is relatively urgent.

CANCER
Th e diagnosis of a malignancy in children or adolescents is most defi nitely a life-changing event,  although the 
long-term outcome for these young patients has dramatically improved over the past 40 years. By  implementing 
randomized clinical trials and providing multidisciplinary care, eff ective therapies have been identifi ed, and 
the outlook for children with malignancy continues to improve. Th e remainder of this chapter will review 
the  clinical presentation, diff erential diagnosis, management, and outcome for both common and uncommon 
 malignant diseases seen in the pediatric age group.

Every year cancer develops in 15 of every 100,000 children between birth and 21 years of age, resulting 
in approximately 12,000 new cases of cancer in this age group in the United States. Th e incidence of disease 
 varies among racial groups. Cancer is more prevalent in the Caucasian population than in African Americans 
and Hispanic Americans. Although pediatric malignancies are curable in over 70% of cases, cancer is still 
the most common cause of death from disease in the U.S. population between the ages of 1 and 15 years. 
Th e  Surveillance,  Epidemiology, and End Results Program of the National Cancer Institute presents the most 
 recent data  concerning the incidence of diff erent types of cancer in children, adolescents, and young adults 
(Table 16-9).

Pediatric Pearl: As more children with cancer are cured, long-term side effects of therapy 
such as infertility and secondary malignancy have become more common.
Pe
su

Pathophysiology
Cancer is the result of uncontrollable cellular proliferation (hyperplasia). By the time of diagnosis, one transformed 
neoplastic cell can multiply and become over 10 billion cells. Cancer cells may be either localized or  disseminated 
throughout the body. Th e disease is frequently identifi ed by the presence of a mass that can be palpated or  imaged. 
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 TABLE 16-8

Common Causes of Lymphadenopathy
Generalized Lymphadenopathy Localized Lymphadenopathy

Bacterial infections Occipital/posterior auricular region

 Pyogenic bacterial infection  Local scalp infection (e.g., impetigo)

 Tuberculosis  Ringworm

 Brucellosis  Pediculosis

 Typhoid fever  Roseola (HHV-6 infection)

 Syphilis  Preauricular

Fungal infections   Chlamydia

 Histoplasmosis   Catscratch disease

 Coccidioidomycosis   Trachoma

Viral infections   Tularemia

 Epstein-Barr virus (infectious mononucleosis)   Sarcoidosis

 Cytomegalovirus Submaxillary/submental region

 HIV  Dental caries and abscesses

 Measles  Bacterial gingivitis

 Rubella  Herpes simplex stomatitis

Parasitic infections Cervical region

 Toxoplasmosis  Viral infections

 Malaria  Respiratory viruses

Infl ammatory diseases (noninfectious)  Epstein-Barr virus

 Systemic lupus erythematosus  Cytomegalovirus

 Juvenile rheumatoid arthritis  Bacterial

 Serum sickness
 Sarcoidosis

  Upper respiratory tract infection (e.g., group A 
hemolytic streptococcus)

Neutrophil disorders  Staphylococcus aureus infection

 Chronic granulomatous disease  Head and neck impetigo

 Leukocyte adhesion defi ciency  Tuberculosis and atypical Mycobacterium

Storage disease Parasitic: Toxoplasma gondii

 Gaucher disease Other

 Niemann-Pick disease  Kawasaki disease

Malignancies  Sarcoidosis

 ALL Malignancy

 Acute myeloid leukemia  Hodgkin disease

 Hodgkin lymphoma  Non-Hodgkin lymphoma
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 TABLE 16-8

Common Causes of Lymphadenopathy (Continued)
 Neuroblastoma  Histiocytosis X

 Rhabdomyosarcoma Supraclavicular region
 Hodgkin disease
 Non-Hodgkin lymphoma
  Metastatic solid tumors (e.g., rhabdomyosar-

coma, carcinomas)

Axillary region
 Infection of the arm (e.g., cellulitis, impetigo)
 Catscratch disease
 Rat-bite fever
 Rheumatoid fever

Epitrochlear region
 Infection of the forearm or hand (e.g., cellulites)
 Impetigo
 Sporotrichosis
 Tularemia

Mediastinal region (examined radiographically)
 Tuberculosis
 Sarcoidosis
 Histoplasmosis
 Coccidioidomycosis
 Hodgkin disease
 Non-Hodgkin lymphoma
 ALL
 Neuroblastoma
 Systemic lupus erythematosus

Inguinal region
 Lower extremity infections
 Sexually transmitted diseases
  Chancroid
  Herpes simplex
  Syphilis

Iliac region
 Bacterial adenitis
  Streptococcus pyogenes

  Staphylococcus aureus

 Appendicitis
 Urinary tract infection
 Lymphoma

Popliteal region: infections of distal areas
 Foot
 Lateral lower leg
 Knee joint

ALL, acute lymphoblastic leukemia.
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Solid tumors may interfere with organ function, often causing pain. When the bone marrow is replaced by leu-
kemia or metastatic tumors, loss of marrow function can occur. One or more of the following  fi ndings may in-
dicate this loss: anemia, leukocytosis, leukopenia, or thrombocytopenia. In children, solid tumors are  usually 
derived from mesenchymal tissues and called sarcomas, whereas in adults, the majority of solid  tumors are
derived from epithelial tissues and called carcinomas. In children, the percentage of cases classifi ed as carcinomas 
and other malignant epithelial neoplasms is approximately 14%; in adults, the percentage is over 90%.

Just what initiates clonal expansion is unknown in most childhood cancers. Epidemiologic studies in-
dicate that as few as 5% of cancers in children are linked to known genetic abnormalities (Table 16-10). 
Germline and somatic mutations of tumor-suppressor genes are associated with a variety of inherited cancer-
susceptibility syndromes and sporadic neoplasia, respectively. Experts once believed that alterations in the 
structural DNA sequence alone could account for the etiology and pathogenesis of most cancers, but a growing 
body of evidence currently supports the hypothesis that epigenetic events may play a prominent role, particu-
larly in leukemia. Epigenetic inheritance is defi ned as the acquisition of heritable change in gene expression 

 TABLE 16-9

Cancer in Children 1–15 Years of Age (1975–1995)
Tumor Type Relative Incidence (%)

All leukemias 31.5

 ALL 24.5

 AML 3.2

 Other leukemias 3.8

All lymphomas 10.8

 Hodgkin disease 4.4

  Non-Hodgkin lymphoma (including Burkitt 
lymphoma, miscellaneous lymphoreticular
neoplasms)

5.8

 Unspecifi ed lymphomas 0.6

All CNS tumors 20.5

Neuroblastoma 7.5

Retinoblastoma 3.1

Wilms tumor and other renal tumors 6.3

All bone tumors 4.5

 Osteosarcoma 2.4

 Ewing sarcoma 1.7

 Other bone tumors 0.4

All soft tissue sarcomas 7.0

 Rhabdomyosarcoma, embryonal sarcoma 3.4

 Fibrosarcoma 1.7

 Other sarcomas 1.6

All other tumors 9.1

Total 100.0

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CNS, central nervous system.
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that occurs without a change in DNA sequence. Examples of epigenetic events that appear to be involved in 
the process of cancer cell transformation are DNA methylation, histone deacetylation, and changes in chro-
matin organization. Little evidence suggests that exposure to environmental carcinogens plays a major role in 
pediatric cancer.

HEMATOPOIETIC MALIGNANCIES, LEUKEMIAS, AND LYMPHOMAS
Eighty percent of the cases of acute leukemia that present in childhood are acute lymphoblastic leukemia (ALL). 
On the basis of immunophenotype, 84% are B-cell subtype, 14% are T-cell subtype, and 2% are mature B-cell 
subtype (Burkitt) leukemia. Approximately 20% of leukemias are acute myelocytic leukemia (AML). Chronic 
myelocytic leukemia (CML) and juvenile myelomonocytic leukemia ( JMML) together make up only 1% to 
2% of cases. Children with CML present most commonly with leukocytosis and splenomegaly. Th eir  leukemia 
cells contain the pathognomonic chromosomal translocation t(9:22) known as the  Philadelphia  chromosome. 
Leukemia cells from approximately 3% of children with ALL share the same chromosomal  translocation. 
JMML usually presents in children younger than 5 year of age with leukocytosis of less than 100,000 cells/mm3, 
monocytosis, abnormally elevated hemoglobin F, and hepatosplenomegaly. JMML is not associated with the 
Philadelphia chromosome.

Clinical and Laboratory Evaluation
Th e diagnostic evaluation of children with suspected leukemia begins with a careful review of the medical
history, family history, a thorough physical examination, and laboratory studies (Table 16-11).

History and Physical Examination

It is important to pay attention to the family history, medication history, and any indication of exposure to ill 
individuals or report of recent international or other travel. Children may exhibit pallor and give a  history of 
persistent fever, weight loss, fatigue, and bone or joint pain. Involvement of the bone marrow with an  expanding 

 TABLE 16-10

Inherited Syndromes Associated with Childhood Cancer

Brain Tumors
 Neurofi bromatosis type I (NF I) [TS]: neurofi broma, sarcoma, pilocytic astrocytoma
 Neurofi bromatosis type II (NF II) [TS]: acoustic neuroma, meningioma
 Tuberous sclerosis TSC1 and TSC2 (TS): subependymal giant cell astrocytoma
 Gorlin syndrome: medulloblastoma, basal cell carcinoma
 Turcot syndrome: colon carcinoma, medulloblastoma
 Von Hippel-Lindau syndrome, hemangioblastoma, renal cell carcinoma, pheochromocytoma

Leukemia (as many as 5% of cases associated with inherited genetic syndromes)
 Down syndrome (10–20-fold increase in ALL and AML)
 Bloom syndrome
 Neurofi bromatosis
 Shwachman syndrome
 Ataxia-telangiectasia (ATM [DNA repair gene])
 Fanconi anemia
 Kostmann syndrome

Solid Tumors
 Multiple endocrine neoplasia (MEN type II A and B) [OG]: thyroid/parathyroid cancer, pheochromocytoma
 Li-Fraumeni syndrome (p53) [TS]: sarcoma, breast cancer, brain tumor, leukemia
 Adenomatous polyposis coli (APC) [TS]: intestinal polyposis colorectal cancer, hepatoblastoma
 Hereditary retinoblastoma (RB1) [TS] retinoblastoma and secondary cancer

ALL, acute lymphocytic/lymphoblastic leukemia; AML, acute myeloid leukemia, OG, oncogene;

TS, tumor suppressor gene.
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population of cells may also lead to petechiae, ecchymoses, epistaxis, and a multitude of other signs and  symptoms 
(Table 16-12). Th e clinical fi ndings are a result of marrow replacement and extent of spread. Often the history 
of illness is days to weeks in acute leukemia or months in chronic leukemia.

As Table 16-12 indicates, children with ALL present most commonly with fever, fatigue, bone or joint pain, 
and evidence of bleeding. Complaints of pain in the legs and joints and diffi  culty walking often  indicate periosteal 
infi ltration, elevation, and bone necrosis secondary to leukemia. On physical examination,  lymphadenopathy is 
frequent, and hepatosplenomegaly occurs in over 50% of patients. Rarely, skin infi ltration (leukemia cutis) and 
ocular involvement may be evident. An anterior mediastinal mass with or without adenopathy may be present 
in T-cell ALL, making it necessary to perform a careful initial history and examination that pays particular 
 attention to respiratory symptoms such as cough or orthopnea. Superior vena cava syndrome and tracheal 
 compression may be a presenting feature of ALL, particularly in adolescents.

Although the presenting features of children with AML and ALL are similar, gingival hypertrophy and 
subcutaneous or periosteal tumor infi ltrates (chloromas) are found only in AML.

Pediatric Pearl: Chloromas are masses of myeloid leukemia cells found only in patients 
with AML and may be present with or without involvement of the bone marrow.
Pe
wi

Rarely, subcutaneous masses, but not chloromas, can be found in patients with pre–B-cell ALL. Children 
with Down syndrome, who are at increased risk for leukemia, are more likely to have AML if younger than 
4 years of age. Children with leukemia who have skin infi ltrates (leukemia cutis) are more likely to have AML, 
except those younger than 1 year of age, when leukemia cutis can be seen with either ALL or AML.

Laboratory Evaluation

Children with leukemia most commonly present with increased numbers of WBCs or immature or primi-
tive cells (blasts) circulating in the blood, so it is necessary to scrutinize the blood smear carefully for circu-
lating blasts. In addition, coexisting anemia or thrombocytopenia is often present. A new patient who has 

 TABLE 16-11

Diagnostic Evaluation of Leukemia
Medical history and physical examination

Review of blood smear

CBC (hemoglobin, WBC diff erential, platelets)

Uric acid, BUN, total bilirubin, LDH, calcium, phosphorus, electrolytes, glucose, amylase, ALT (to identify 
hepatic, renal or metabolic abnormalities)

Urinalysis: infection, uric acid crystals, specifi c gravity

PT, PTT, and fi brinogen: DIC

Immunoglobulins, varicella titer

Imaging: chest radiograph (posteroanterior and lateral) [mediastinal mass]; radiography of kidneys or renal 
ultrasound (if abnormal renal function)

Bone marrow aspirate for cell morphology with cytochemical stains, immunophenotype, cytogenetics and 
storage for future studies

Lumbar puncture (to identify presence of CNS leukemic involvement)

Blood culture (if febrile and neutropenic)

ALT, alanine aminotransferase; BUN, blood urea nitrogen; CBC, complete blood count; CNS, central nervous system; 

DIC, disseminated intravascular coagulopathy; LDH, lactate dehydrogenase; PT, prothrombin time; PTT, partial 

thromboplastin time; WBC, white blood count.
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abnormal values of any two of the three blood cell lines (i.e., RBCs, WBCs, platelets) should undergo a bone 
 marrow  aspirate. Th e bone marrow study determines whether the marrow has been replaced with undiff erenti-
ated cells (leukemia), has been infi ltrated with clumps of tumor cells (solid tumors metastatic to the marrow), or 
demonstrates evidence of abnormal marrow function (myelodysplasia or aplasia).

Lymphoma should be suspected when enlarged lymph nodes or any tumor mass is found. To make a diag-
nosis, samples of the tumor are taken in addition to a bone marrow aspirate to check for marrow involvement. 
Sometimes the diagnosis can be made by identifying malignant cells in pleural fl uid removed by thoracentesis. 
By arbitrary convention, if the bone marrow contains 25% or more blast forms, the patient is considered to 
have leukemia, and if less than 25% blast forms, the diagnosis is considered to be lymphoma with marrow 
 involvement.

Differential Diagnosis
After a thorough review of the medical history, a physical examination, and laboratory studies, including a CBC, 
the clinician should consider the many possible diff erential diagnoses before concluding that leukemia is present 
(Table 16-13).

 TABLE 16-12

Presenting Clinical and Laboratory Features in Newly Diagnosed Childhood 
Cases of Acute Lymphoblastic Leukemia

Clinical Feature Percent of Children Aff ected (%)

Symptoms

 Fever 53

 Fatigue 50

 Bone or joint pain 40

 Bleeding 38

 Anorexia 19

 Abdominal pain 10

Signs

 Liver edge �5 cm below coastal margin 30

 Anterior mediastinal mass 10

Laboratory fi ndings

 Leukemic cells in spinal fl uid 5

 Leukocyte count

  �10 � 109 cells/L 24

  �50 � 109 cells/L 23

 Hemoglobin

  �8 g/dL 52

  �10 g/dL 22

 Platelet count

  �100 × 109 cells/L 32

  �10 × 109 cells/L 9
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Acute Lymphoblastic Leukemia

Since the advent of chemotherapy in 1948, the outlook for children with ALL has improved greatly; the 
cure rate is now approximately 90%. Th e improved survival seen over the past 40 years has been generated 
by  advances in the design of clinical trials, the addition of tumor molecular markers to the standard clas-
sifi cation of acute leukemia, the development of new chemotherapeutic agents, new and improved uses of 
antibiotics for infectious complications, avoiding excessive toxicity, safer supportive care with blood prod-
ucts, and SCT.

Th e availability of genetic and molecular information from the leukemic cells of each patient allows 
for a  biologic subtyping of leukemia. Diff erent cure rates are noted for patients with certain cellular biologic 
 diff erences. Current laboratory research is helping investigators design treatments that are selectively targeted 
at diff erent subtypes of leukemia. Treatment is then based on the clinical and biological characteristics of each 
 patient at the time of diagnosis. Criteria used to classify and risk-stratify leukemia include age at diagnosis,  initial 
WBC, CNS involvement, leukemia cell immunophenotype, leukemia cell karyotype, molecular  abnormalities, 
and global gene expression patterns.

Th e Children’s Oncology Group is a worldwide organization of institutions and physicians, nurses, and 
allied health professionals from the United States, Canada, Europe, and Australia who are committed to the 
development of new therapies for malignant disease in adolescence and childhood. Investigators from this group 
and others have developed specifi c trial protocols for children based on leukemia classifi cation. Th ese treatment 

 TABLE 16-13

Differential Diagnosis of Acute Leukemia

Diff erential Diagnosis Specifi c Disease

Decrease in two or more cell lines

Infection CMV, EBV, leishmaniasis, severe overwhelming 
infection, hepatitis, HIV

Bone marrow failure Aplastic anemia, Fanconi anemia, Shwachman-
Diamond syndrome

Marrow replacement or infi ltration Neuroblastoma, Ewing sarcoma, 
 rhabdomyosarcoma

Hemophagocytic syndrome Familial hemophagocytic lymphohistiocytosis, 
possibly associated with viral disease or leukemia, 
medulloblastoma

Decrease in single cell line

Anemia Transient erythroblastopenia of childhood, hemo-
lytic anemia, Diamond-Blackfan anemia, dyseryth-
ropoietic anemia (congenital)

Th rombocytopenia ITP, thrombocytopenia absent radii, Wiskott-
Aldrich syndrome, DIC, HUS, Kasabach-Merritt 
syndrome

Neutropenia Familial neutropenia (Kostmann syndrome), 
chronic idiopathic neutropenia, splenic trapping

Liver/spleen enlargement Infections, liver disease, lymphoma, Gaucher 
disease (other storage diseases), myeloprolifera-
tive disease, polycystic disease with liver fi brosis, 
Langerhans histiocytosis

CMV, cytomegalovirus; DIC, disseminated intravascular coagulation; EBV, Epstein-Barr virus; HUS, hemolytic-uremic 

syndrome; ITP, idiopathic thrombocytopenic purpura.
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protocols, which take into account diff erences in risk of relapse and long-term drug toxicities among patients, 
are used by member institutions. Patients are monitored for expected and unexpected eff ects of treatment to 
provide state-of-the-art care and a source of ideas for improvement of future therapy.

At the present time, the protocols for diff erent categories of lymphoid leukemia are based on  presenting 
features. For patients with B-precursor ALL, there are four levels of treatment regimens depending on 
clinical and biologic prognostic factors. Separate regimens exist for those children with infant leukemia
(under 12 months of age at presentation), mature B-cell ALL and T-cell ALL. Aside from the important clini-
cal features of initial WBC, age, sex, and CNS involvement, the biologic features of immunophenotype, molecu-
lar abnormalities, classical cytogenetics, and DNA index are used to qualify and stratify children for treatment 
regimens. Certain nonrandom chromosomal and molecular abnormalities have independent prognostic impor-
tance. Four subsets of children with ALL have a very poor prognosis despite intensive chemotherapy: Ph+ ALL,
hypodiploid (less than 44 chromosomes), infants with t(4;11) and those who fail their initial induction therapy.
An additional prognostic factor is the measurement of MRD (minimal residual disease), which is now used to 
stratify patients for postinduction therapy.
chemotherapy. Th ere are three phases of chemotherapy for ALL: induction, intensifi cation/consolidation, 
and maintenance. In each phase, multiple drug combinations are used. Th e total duration of therapy is usually
2 ½ to 3 years. Studies have shown that treatment for a longer period does not improve prognosis, and treatment 
for a shorter period leads to more frequent relapses.

Leukemia may involve the brain and meninges at the time of diagnosis, and treatment of the CNS is part 
of therapy. During induction, patients receive intrathecal administration of chemotherapy. To prevent CNS 
involvement, all patients receive high doses of systemic chemotherapy, which crosses the blood–brain barrier.

In general, children with ALL achieve remission after a 4- to 6-week period of induction therapy.
Th e chemotherapeutic agents used during this phase usually include a steroid (prednisone or dexamethasone), 
vincristine, and asparaginase with or without daunomycin.

After completion of the induction phase, 98% to 99% of children are in remission, which is defi ned as less 
than 5% blasts when the bone marrow has returned to normal (no leukemia cells can be seen in the marrow). 
To be in remission, the blood count should have recovered to more than 1,000 neutrophils/mm3 and more than 
100,000 platelets/mm3. In addition, no infection should be evident.

Once remission is achieved, the intensifi cation/consolidation therapy that follows is designed to destroy 
 leukemia cells that cannot be seen with the microscope. In some patients in remission, small numbers of leuke-
mia cells (1 in 1,000 to 1 in 100,000 nucleated marrow cells), which remain undetected morphologically, can be 
detected by using sensitive MRD immunologic or molecular biologic techniques. Th e prognostic importance of 
identifying small numbers of leukemia cells in the marrow in children in early remission is an important topic 
that is currently undergoing study in clinical trials. It is estimated that as many as 108 leukemia cells can remain 
following induction therapy.

Currently, the duration of the intensifi cation/consolidation phase is 6 to 8 months. Often, patients 
are admitted to the hospital for administration of chemotherapy or treatment of fever and neutropenia.
Th e chemotherapeutic drugs involved are usually high-dose methotrexate and standard-dose methotrexate, 
6-mercaptopurine, cyclophosphamide, cytarabine, and the agents used during induction. Th e intensity of this 
phase varies depending on the risk group of the individual patient.

Th e fi nal phase of treatment is called maintenance therapy. Th e duration of this phase is 1 to 2 years, 
 depending on the duration of the consolidation phase. During maintenance therapy, chemotherapy is less 
 intensive, usually with daily 6-mercaptopurine and weekly methotrexate with periodic vincristine and steroid 
pulses. Th e maintenance phase is commonly outpatient-based and well tolerated.

Following completion of therapy, patients are examined regularly to monitor for relapse and identify any 
late eff ects of the therapy. If patients are still in initial complete remission 5 years after the end of therapy or
7 ½ years after diagnosis, they are considered cured and free of leukemia. Particular areas of concern to clinicians 
following children after they have completed chemotherapy include growth and development, cognitive ability, 
fertility, cardiac and hepatic function, and surveillance for second malignancies.
supportive care.  To ensure that children pass through therapy without signifi cant morbidity, issues  relating 
to supportive care are of paramount importance. During induction, children need aggressive fl uid  management 
as successful therapy can result in rapid tumor cell lysis. Th e breakdown of leukemia cells releases  intracellular 
 contents into the systemic circulation, which are excreted through the kidneys. To prevent  complications of 
 tumor lysis syndrome, high volumes of fl uid (often more than 2 L/m2), alkalinization of the urine, and allopurinol 
(a xanthine oxidase inhibitor) are necessary. In patients with poor renal function, rasburicase, a recombinant 
urate oxidase enzyme, may be utilized to treat tumor lysis syndrome.
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Frequently, infectious complications may develop during therapy due to neutropenia- or therapy-induced 
immunosuppression. Both bacterial and systemic fungal infections may occur. Pneumocystis carinii (now also 
called Pneumocystis jiroveci) is a pathogen of particular importance; infection can be prevented by  administration 
of a combination of trimethoprim and sulfamethoxazole, given daily for three consecutive days each week. Th is 
prophylactic regimen is given throughout the duration of therapy and continued several months after therapy 
has been completed. Patients on therapy are followed closely with weekly monitoring of CBCs. Th ose who 
 develop a temperature above 38°C and have an ANC less than 500/mm3 are admitted to the hospital for therapy 
with appropriate broad-spectrum antibiotics.
stem cell transplant. Chemotherapy alone results in long-term disease-free survival (DFS) in over 80% 
of children with ALL, so BMT is considered early during the fi rst remission only for children who are like-
ly to have a very poor prognosis—a DFS of less than 40%. (Th e DFS is the period from the achievement 
of complete remission to the time of relapse.) Patients with Ph+ ALL, hypodiploid ALL, infants less than 
12 months of age with t(4;11), day 29 MRD greater than 1% and those who have failed initial induction therapy 
are considered to have a DFS of less than 40%. Children with these characteristics should be considered for 
an allogeneic marrow transplant during fi rst remission because current reports indicate that following BMT, 
these high-risk patients have a DFS of 67% to 80%. Otherwise, BMT is used only when patients have suff ered 
a relapse and are in second remission.

Acute Myelocytic Leukemia

A heterogeneous disease, AML is classifi ed based on the morphology of the blasts and by the presence or absence 
of specifi c cytogenetic abnormalities. Th e WHO classifi cation of AML and the French–American–British (FAB) 
classifi cation are frequently used to subtype the leukemia. Th e outlook for children with AML has gradually 
improved and now almost 60% are cured, although the rate of improvement in prognosis is slower than for ALL.
chemotherapy. Following one or two courses of an intensive induction regimen using aggressive  combinations 
of several agents (usually high-dose cytosine arabinoside, daunorubicin [or idarubicin, mitoxantrone], etoposide, 
6-thioguanine, dexamethasone), over 90% of children are in remission.

However, the morbidity and mortality of this myelosuppressive induction are quite high. Approximately 
5% of children are resistant to induction therapy, and 10% die during induction from infectious or toxic causes. 
Although as many as 90% of children achieve remission, some 60% are cured of their disease with chemotherapy 
alone. Th e risk of severe toxicity and death associated with the therapy is signifi cant.

Once children achieve remission, the next phase of therapy comprises three or four aggressive courses of 
consolidation chemotherapy or SCT. Identifying the most eff ective chemotherapy regimens for children once they 
achieve complete remission is still under active investigation. Currently, repeated courses of  intensive myelosuppres-
sive chemotherapy are given over 4 to 6 months. Th is treatment is associated with frequent  hospitalization because 
children are at great risk for bacterial and fungal infections. Less toxic postinduction therapy is not eff ective.

SCT may also be useful. Th e 15% to 20% of patients with a human leukocyte antigen (HLA) identical 
sibling donor may be transplanted soon after achieving complete remission and have a 65% 4-year event-free 
survival (EFS), which is from the time of diagnosis until failure of remission, death in remission, or relapse of 
any kind. HLA identical sibling donor SCT in patients in remission is superior to chemotherapy or autologous 
SCT in large randomized treatment protocols. At the present time, children with Down syndrome AML or 
“good prognosis AML” (CBF phenotype or acute promyelocytic leukemia [APL] [see the following]) should 
avoid SCT because the prognosis is best with chemotherapy alone. For children with high-risk AML or those 
in fi rst relapse or failing induction, SCT can be performed as soon as remission is obtained, although whether 
it is better than chemotherapy alone is still a therapeutic question. In all other AML cases if a patient has an 
HLA match the decision to undergo a SCT is a clinical research question. Studies have not shown that autolo-
gous SCT is better than chemotherapy alone in patients in fi rst remission; however, it warrants consideration in 
 second remission if the fi rst remission occurred over 12 months previously.
unique aml subtypes. In pediatric AML, certain morphologic and karyotypic abnormalities have  prognostic 
importance. Th e morphology and karyotype of the myeloid leukemia cell at the time of diagnosis can be used 
to identify children whose leukemia cells contain specifi c chromosomal translocations that have  therapeutic 
and prognostic importance. Using the FAB system, pediatric AML can be generally subtyped from MO
(undiff erentiated AML) to M7 (megakaryocytic AML).

Information at diagnosis helps plan therapy for three particularly important AML subtypes. One is APL, 
which is designated as M3 AML by the FAB system. Th e APL leukemia cells frequently contain numerous 
granules and Auer rods (pathognomonic of AML). Clinically, patients with APL (about 10% of AML in 
 children) present with low WBCs, and not infrequently DIC occurs when therapy is initiated. Th e diagnosis 
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of this subtype of myeloid leukemia is associated with a specifi c chromosomal translocation, t(15;17). Most 
importantly, children with APL can be successfully treated and achieve remission with all–trans retinoic acid 
(ATRA) therapy, a vitamin A analog. At the present time, the best outcome is found when chemotherapy 
is used in  combination with ATRA. A new strategy adding arsenic trioxide (As

2
O

3
) to this combination of 

ATRA combined with chemotherapy for induction and maintenance is an attempt to improve on the current
70% to 80% EFS.

Th e second subtype is AML in children with Down syndrome, who are at increased risk for acute 
 leukemia. Approximately 1 in 150 children with Down syndrome develops leukemia, and when a child with 
Down  syndrome under the age of 4 years is diagnosed with leukemia, it is usually AML, frequently the M7 type. 
Newborns with Down syndrome may manifest a self-limited transient myeloproliferative disorder (TMD). 
Th is “pseudoleukemia” presents with circulating blasts, leukocytosis, and organomegaly and usually resolves 
with only supportive care within 6 weeks to 3 months. Some 20% of the TMD patients may succumb before 
the TMD resolves and may need some minimal therapy. It is estimated that 25% to 30% of infants with Down 
syndrome whose TMD has resolved will subsequently develop AML 1 to 3 years following resolution of the 
TMD.  Children with Down syndrome exhibit a relatively low tolerance for high-dose chemotherapy. Due 
to the frequent association with other defects associated with Down syndrome, aggressive therapy should be 
given very carefully. With current chemotherapy regimens utilizing anthracyclines and cytosine arabinoside 
for  induction, AML-aff ected children with Down syndrome have a better EFS and a decreased relapse rate 
compared to children without Down syndrome. In recent studies, EFS, for children with Down syndrome and 
AML is over 80%.

Th e third subtype of AML involves children with monosomy 7, who may present with AML in a subacute 
myelodysplastic phase or de novo AML. Monosomy 7 and partial deletion of the long arm (7q–) is seen in 
myeloproliferative disease, myelodysplastic syndrome, and AML. Th is cytogenetic fi nding usually is a sign of 
poor response to chemotherapy and a rapidly progressive course. Although initial chemotherapy is essential for 
achievement of remission, children with monosomy 7 have a better EFS when treated with early SCT.

SCT

In Down syndrome–aff ected children, BMT should be avoided because the prognosis is best with che-
motherapy alone. For patients in fi rst relapse or failing induction therapy, a matched unrelated SCT should 
be considered. Studies have not shown that autologous BMT is better than chemotherapy alone in patients 
in fi rst remission; however, it warrants consideration in second remission if the fi rst remission occurred over
12 months previously.

Non-Hodgkin Lymphoma and Hodgkin Disease

Lymphomas, a heterogeneous group of diseases arising from B- or T-lymphocytes, are the most common 
 cancer seen in older adolescents—in the 15- to 19-year age group. NHL predominates in younger children, and 
 Hodgkin disease predominates in adolescents. Th e risk of lymphoma is increased in children with congenital 
and acquired immune defi ciencies. Currently, most children with lymphoma are curable; the 5-year overall 
 survival rates for NHL and Hodgkin disease are 72% and 92%, respectively.

Lymphoma should be suspected in children with any signifi cantly enlarged lymph node or mass lesion. 
Th e diagnostic evaluation always includes a bone marrow aspirate to rule out leukemia and identify whether the 
marrow is involved. Imaging studies are performed to identify the extent of disease. Both NHL and  Hodgkin 
disease are pathologically classifi ed, once adequate diagnostic material has been obtained and then staged
(a determination of the extent of disease) so that appropriate therapy may be given. Patients who have extensive 
disease require more intensive therapy than children with less extensive disease.

Lymphomas in children are particularly sensitive to chemotherapy. All patients with NHL receive 
 chemotherapy alone, while patients with Hodgkin disease are treated with radiation therapy to the area where 
tumor masses were present at the time of diagnosis in addition to three to fi ve cycles of chemotherapy.

SOLID TUMORS

Clinical and Laboratory Evaluation
History

A solid tumor in a child is by defi nition a mass lesion. Most frequently, parents note an abdominal mass or
a lump on the trunk or extremity in a young child during a bath; the mass continues to enlarge and may cause 
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pain. Severe back pain, extremity weakness, and ataxia are symptoms that need immediate evaluation by a health 
care provider. A thorough review of the clinical history, with signs and symptoms, is mandatory. A detailed fam-
ily history can be quite helpful for those diseases frequently linked to known genetic abnormalities (see Table 
16-8). With solid tumors, the history of illness is usually longer than with hematologic malignancies. A history 
of signs and symptoms for 3 to 9 months is not unusual. Occasionally hemorrhage into a tumor (e.g., Wilms 
tumor) may lead to an earlier diagnosis. Th ere appears to be no relationship between time to diagnosis and 
extent of disease.

Physical Examination

Th e tumor can often be identifi ed directly by palpation (e.g., Wilms tumor, soft tissue sarcoma, Ewing 
 sarcoma, osteosarcoma) or indirectly because the tumor interferes with normal functioning (e.g., CNS tu-
mors, germ cell tumors). Occasionally, solid tumors (e.g., neuroblastoma, rhabdomyosarcoma, Ewing sar-
coma) may partially infi ltrate bone marrow and cause signs not unlike leukemia (i.e., anemia, neutropenia, 
thrombocytopenia).

Laboratory Evaluation

A chronic limp or extremity pain that does not resolve after a few days may be an indication for a radiograph to 
rule out tumor as a cause. Several laboratory studies are necessary in the diagnostic evaluation of children with 
suspected solid tumors (Table 16-14).

Differential Diagnosis
Th e presenting signs and symptoms associated with solid tumors in children can also be seen with several benign 
conditions and tumors (Table 16-15).

Brain Tumors

Brain tumors, which are the most common category of solid tumor in children in the United States, occur 
at a rate of 2.5 to 3.6/100,000 children 15 years of age and younger. In general, boys are aff ected more often 
(ratio 1.2:1), and the median age at time of diagnosis is 6 ½ years. About one half of all CNS tumors in children 
are located in the cerebellum (25%) or brainstem (23%). Astrocytomas, which account for about 50% of child-
hood brain tumors, are the common solid tumor seen in individuals less than 20 years of age. Other  tumors 

 TABLE 16-14

Diagnostic Evaluation of Solid Tumors
Clinical history and physical examination

CBC (hemoglobin, diff erential, platelets)

BUN, LDH, ALT, total bilirubin, creatinine, calcium

PT, PTT, fi brinogen (prior to biopsy, identify DIC)

Varicella titer (may need periodic varicella-zoster immune globulin or acyclovir)

Imaging studies (plain radiographs, CT scans, MRI, ultrasounds) of the primary tumor (to look for distant 
spread and appropriate staging) 

Bone marrow aspirate and biopsy (to look for tumor involvement, particularly in Ewing sarcoma,
primitive neuroectodermal tumor, rhabdomyosarcoma, neuroblastoma)

Tumor markers, such as �-fetoprotein (hepatoblastoma, germ cell tumor) and �-human chorionic
gonadotropin (germ cell tumor)

ALT, alanine aminotransferase; BUN, blood urea nitrogen; CBC, complete blood count; CT, computed  tomography; 

DIC, disseminated intravascular coagulation; LDH, lactate dehydrogenase; MRI, magnetic  resonance imaging; PT, 

prothrombin time; PTT, partial thromboplastin time; WBC, white blood count.
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include primitive neuroectodermal tumors (e.g., medulloblastomas and other embryonal tumors) (20%), 
ependymomas (9%), and craniopharyngiomas (less than 5%). As many as 80% of brain tumors in children 
require surgical intervention, either for diagnosis or as primary treatment; 60% require radiation therapy; and 
40% need chemotherapy.

Neuroblastomas

Neuroblastomas, the most frequent extracranial solid tumor in children, account for approximately 8% of all 
malignancies in patients younger than 15 years of age. Th ese tumors are the most frequent malignancy  diagnosed 
in infants, and over 80% of cases occur in patients younger than 4 years.

Neuroblastomas may originate anywhere along the sympathetic nervous system chain from the organ of 
 Zuckerkandl to the stellate ganglion. Over 65% of primary tumors arise in the abdomen. Adrenal tumors are 
more common in children, whereas thoracic and cervical primary tumors are more common in infants. Unlike 
other solid tumors in children, neuroblastomas are associated with metastatic disease at the time of diagnosis in 
60% to 70% of patients.

Pediatric Pearl: Common sites of metastasis of neuroblastoma are the bone marrow, 
bone, liver, and skin.
Pe
bo

 TABLE 16-15

Differential Diagnosis of Solid Tumors
Sign or Symptom Benign Condition Tumor

Abdominal mass Polycystic liver or kidneys, 
constipation, hydronephrosis, 
hepatomegaly, splenomegaly, 
nephroblastomatosis

Wilms tumor, neuroblastoma, lymphoma, 
germ cell tumor, PNET, soft tissue sarcoma, 
hepatoblastoma, intra-abdominal desmoplastic 
round cell tumor of the abdomen

Th oracic mass

Anterior mediastinum Th ymoma, thymic cyst, 
dermoid

Lymphoma (NHL), germ cell tumor, thyroid 
carcinoma

Middle mediastinum Sarcoidosis, tuberculosis, 
aspergillosis, vascular anomaly

Lymphoma (Hodgkin disease), metastatic 
disease

Posterior mediastinum Esophageal duplication, gan-
glioneuroma, neurofi broma

Neuroblastoma, Ewing sarcoma/PNET,

Chest wall Osteoma, Langerhans histio-
cytosis, scoliosis

Ewing sarcoma/PNET, osteosarcoma

Head and neck mass Infectious adenitis, heman-
gioma, cystic hygroma

Lymphoma, rhabdomyosarcoma, nasopharyn-
geal carcinoma, neuroblastoma

Extremity mass Fracture, trauma, eosinophilic 
granuloma, osteoid osteoma, 
enchondroma

Lymphoma, Ewing sarcoma/PNET, osteosar-
coma, rhabdomyosarcoma

Pelvic area mass Bladder distension, constipa-
tion

Rhabdomyosarcoma, neuroblastoma, Ewing 
sarcoma/ PNET, osteosarcoma

Intracranial mass Dysplastic tissue, abscess, 
hemorrhage

Medulloblastoma/PNET, low- and high-grade 
astrocytoma, brainstem glioma, craniopharyn-
gioma, germ cell tumors, ependymoma

NHL, Non-Hodgkin lymphoma; PNET, primitive neuroectodermal tumor.
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At the time of diagnosis, children older than 1 year of age are more likely than infants to have  disseminated 
disease. Th e presenting signs and symptoms of neuroblastoma relate to the primary and metastatic sites  involved, 
as with all solid tumors. For example, abdominal distension and hepatomegaly may occur in an  abdominal 
primary tumor with liver metastases, whereas ptosis or eye swelling may indicate a metastatic or  primary 
 neuroblastoma of the head or neck. Several paraneoplastic syndromes are associated with  neuroblastoma: 
(1) opsoclonus-myoclonus, consisting of myoclonic jerking and conjugate, shooting eye movements, and
(2) intractable secretory diarrhea, hypokalemia, and dehydration.

During initial evaluation, patients with suspected neuroblastoma should undergo bilateral bone marrow 
 aspiration and biopsy, tumor mass biopsy, and collection of urine for catecholamines to confi rm the diagnosis. 
 Imaging studies, including computed tomography and magnetic resonance imaging, iodine-131-meta-iodoben-
zylguanidine scan are used for staging, along with other biologic, radiographic, and pathologic information prior 
to initiating therapy. Th erapy involves surgery to confi rm the diagnosis and usually to remove residual disease 
following  aggressive chemotherapy. In selected high-risk patients, autologous BMT in addition to surgery, and 
chemotherapy has improved survival. Studies of the eff ectiveness of autologous BMT for all high-risk patients 
are as yet  incomplete.

Among children with neuroblastoma, a unique category of disease called stage IV-S neuroblastoma may 
aff ect children younger than 1 year of age. Th ese children present with a limited primary tumor (stage I or 
II) and have evidence of distant spread to the liver, skin, or bone marrow (but not actual bone involvement). 
Th ese patients, who have an exceptionally good prognosis, most often require only observation. It is important 
to  obtain adequate tissue for biological studies in these children because a few manifest poor prognostic features 
such as N-myc amplifi cation and require chemotherapy.

Wilms Tumors

Wilms tumors, which are only slightly less common than neuroblastomas, account for 7% of childhood 
 malignancies. Th ey are almost exclusively a tumor of young children, with 80% of cases occurring before the age 
of 5 years.  Exclusive to the kidney, Wilms tumors arise out of persisting immature renal tissue termed nephro-
genic rests, which are considered tumor precursor lesions. Th e classic presentation is a silent abdominal mass; 
however, as many as one-third of patients complain of pain. Parents usually discover the mass accidentally dur-
ing bathing or pediatricians identify it incidentally during a physical examination performed for other reasons. 
Th e mass is usually limited to one side of the abdomen. Occasionally, acute hemorrhage into the tumor occurs, 
which is manifested as anemia and an acutely enlarging abdominal mass. Hematuria and hypertension are found 
in more than 20% of patients.

Histologic variants in Wilms tumor diff er based on the presence of anaplasia, and these variants have 
prognostic importance. Th e two histologic variants that are associated with the kidney but are no longer called 
Wilms tumor are now distinct tumor types: (1) clear cell sarcoma and (2) rhabdoid tumor. Th ey have much 
poorer prognoses than Wilms tumor and require a diff erent chemotherapeutic regimen.

Wilms tumor occurs in hereditary and nonhereditary forms. It is frequently associated with the following 
 congenital anomalies: WAGR syndrome (Wilms tumor, aniridia, genitourinary abnormalities, mental retardation), 
with a 30% likelihood of developing Wilms tumor; Beckwith-Wiedemann syndrome (gigantism, macroglossia), with 
a 5% incidence of Wilms tumor; sporadic aniridia; and hemihypertrophy. When children have one of these anomalies, 
they should undergo routine surveillance (approximately every 3 months) with renal ultrasound until either Wilms 
tumor develops or they reach the age of 8 years, at which time the risk of Wilms tumor decreases signifi cantly.

Over many years, children with Wilms tumor have been treated by a succession of clinical protocols 
 developed by the National Wilms Tumor Study Group. At the present time, over 90% of children with Wilms 
 tumor are cured with a combination of surgery, less than 6 months of chemotherapy using vincristine,  actinomycin 
D with or without doxorubicin, and radiation therapy for patients with more advanced disease.

Bone Tumors, Osteosarcomas, and Ewing Sarcomas

Approximately 5% of all childhood cancers are malignant bone tumors. Almost two-thirds are osteosarcomas, 
and one-third are Ewing sarcomas. Each tumor type is more frequent in adolescent patients; the peak occur-
rence coincides with the adolescent growth spurt. Th e incidence of osteosarcoma is slightly higher in African 
American children; the occurrence of Ewing sarcoma in African American children is very rare. A few cases of 
osteosarcoma have been associated with ionizing radiation and the Li-Fraumeni syndrome. Ewing sarcoma is 
not associated with any such predisposing conditions.

Although osteosarcomas may develop in any bone, they are most often seen in the metaphysis of long 
bones. Fifty percent of cases involve the distal femur or proximal tibia. Parents usually seek medical attention 
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because of pain, a mass, or swelling around a joint. Radiographs demonstrate a lytic or sclerotic lesion associ-
ated with a soft tissue mass. Staging studies indicate that approximately 25% of patients have metastatic disease. 
Th e most frequent site of metastases is the lungs. Th erapy involves aggressive chemotherapy and resection of 
the primary tumor, with limb salvage therapy if possible. Radiation therapy is not used as primary therapy; 
 osteosarcoma is resistant to radiation. With current therapy, as many as 75% of patients with nonmetastatic 
disease may be cured; in contrast, about 30% of those with metastatic disease at diagnosis may be long-term 
survivors.

As with osteosarcoma, Ewing sarcoma, a primitive neuroectodermal tumor, frequently occurs as pain or 
swelling around a bone or joint in a child or young adult. On presentation, the primary tumor is as likely to 
be in a long as a fl at bone. With long bone involvement, the diaphysis is more likely to be aff ected, with bony 
destruction, a soft tissue mass, and an “onion skin” appearance. Th e pelvis and the femur are the most frequently 
involved bones. Approximately 20% of patients have pulmonary or bony metastatic lesions at diagnosis. Th erapy 
initially involves intensive chemotherapy and is followed by surgery, radiation, or both for local tumor control. 
A recent clinical trial found that patients with no metastasis at diagnosis had an EFS of 80%, and those who 
had metastatic disease at diagnosis had an EFS of 25%.

Soft Tissue Sarcomas and Rhabdomyosarcomas

Of the soft tissue sarcomas, rhabdomyosarcomas are identifi ed in slightly more than 3% of children with cancer; 
they are the most common soft tissue sarcomas, representing over 50% of cases. Fibrosarcomas and embryonal 
sarcomas, which are examples of other soft tissue sarcomas, occur much less frequently, and are much less sen-
sitive to chemotherapy. Rhabdomyosarcomas may occur anywhere in the body, either as a clearly visible mass 
lesion or as an occult mass interfering with a body function (e.g., bowel or bladder control, vision or hearing 
loss). A few cases occur in patients with Li-Fraumeni syndrome. On histology, there are alveolar and embryonal 
varieties. In general, the alveolar type of rhabdomyosarcomas occurs in the extremities of older children or ado-
lescents and has a worse prognosis, while the embryonal type develops in the genitourinary or head and neck 
region of younger children and has a good prognosis.

Th e tumor may be primarily resected in 35% of cases, with metastatic lesions found approximately 15% 
of the time. Metastatic disease may occur as enlarged lymph nodes and pulmonary or bone lesions, and bone 
marrow infi ltration is not uncommon. Th e site, presence of metastasis, and initial resectability of the tumor, in 
addition to histology, have signifi cant prognostic import, and form the basis for a risk-group stratifi cation. With 
up to 1 year of aggressive therapy, long survival and cure is likely for more than 90% of patients with low-risk 
disease, 70% to 80% of those with intermediate-risk disease, and 20% of those with high-risk disease.

Germ Cell Tumors

Approximately 900 children, adolescents, and young adults are diagnosed with germ cell tumors yearly in 
the United States. One half of pediatric germ cell tumors occur in adolescents from the ages of 15 to 19 
years. Th is group of tumors can be separated into three general categories: benign teratomas (55%), immature 
teratomas (10%), and malignant tumors (35%). Th e malignant germ cell tumors are yolk sac tumors (known 
as endodermal sinus tumors), choriocarcinomas, embryonal carcinomas, and germinomas (seminoma, dys-
germinoma).

Clinically, these tumors are usually very large when diagnosed and present as palpable or visible masses 
usually in the sacrococcygeal, testicular, or head and neck region. Germ cell tumors can cause constipation, uri-
nary obstruction, respiratory diffi  culty, or neurologic dysfunction. Metastases from non-CNS primary tumors 
are usually pulmonary or nodal. Typically, ovarian tumors occur in children older than 4 years of age, whereas 
testicular tumors develop in infancy or adolescence. Tumor markers in the serum are useful for diagnosis and for 
following patients during and after completion of therapy. Serum �-fetoprotein is elevated in yolk sac tumors, 
and human chorionic gonadotropin is elevated in choriocarcinoma and embryonal carcinoma.

Th e management of germ cell tumors depends on site and initial resectability. Benign teratomas require 
surgical resection only. For control of sacrococcygeal tumors, coccygectomy is warranted to prevent malignant 
degeneration at a later date. Follow-up involves imaging of the tumor area and monitoring of tumor markers 
for a 3-year period. Using this follow-up, more than 90% of patients with benign teratomas show no tumor 
recurrence. Surgery is usually eff ective for stage I germ cell tumors, while platinum-based adjuvant chemo-
therapy with etoposide and bleomycin is notably eff ective for higher stage testicular disease and for all ovarian 
primary tumors and patients with extragonadal tumors. Complete surgical resection of the tumor should be 
attempted whenever feasible. At present, the EFS for those with germ cell tumors requiring chemotherapy is 
greater than 80%.
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Allergy and Immunology
Lynda C. Schneider, Elizabeth C. TePas, and Dale T. Umetsu

ALLERGIC DISORDERS
Allergies are caused by untoward, inappropriate immunologic responses to “foreign” substances. Although any 
individual can have an allergic reaction, atopic individuals have a propensity to develop specifi c types of allergic 
reactions. Atopic individuals are not allergic to all foreign substances, but tend to develop four specifi c diseases: 
allergic rhinitis, asthma (see Chapter 18), atopic dermatitis (eczema; see Chapter 22), and food allergy. Ana-
phylactic reactions, which are also discussed in this chapter, can occur in both atopic and nonatopic individuals.

Pathophysiology
“Immediate” or type 1 hypersensitivity responses are triggered by antigen binding to allergen specifi c immunoglobulin 
E (IgE) molecules on the surface of mast cells, resulting in mast cell degranulation and the release of mediators such as 
histamine and leukotrienes. Th ese mediators can cause urticaria, sneezing, and wheezing (due to increased vascular per-
meability and bronchial smooth muscle contraction). Persistence of symptoms occurs as a result of the later production 
of mast cell mediators such as leukotrienes, prostaglandins, platelet-activating factor (PAF), and cytokines (tumor ne-
crosis factor-� [TNF-�], interleukin-4 and -5 [IL-4, IL-5]). In addition, persistent allergic symptoms may be due to 
the development of an allergic infl ammatory  response resulting from the infl ux of basophils, eosinophils, monocytes, 
lymphocytes, and neutrophils. Th ese cell types interact extensively and amplify the allergic response by producing fac-
tors that increase synthesis of allergen-specifi c IgE (e.g., IL-4, IL-13) and factors that increase the infl ux and growth 
of eosinophils, basophils, and mast cells (e.g., granulocyte-macrophage colony-stimulating factor, IL-3, IL-5, IL-9, IL-
10, regulated on activation, normal T expressed and secreted [RANTES]). Th e infi ltration of such cells characterizes 
the allergic infl ammatory response associated with late-phase  responses and bronchial or nasal hyperreactivity.

Children of parents with atopic disease are at higher risk for the development of allergies due to the involvement 
of multiple susceptibility genes. Early exposure to allergens is thought to enhance the development of atopic disease, 
whereas breastfeeding for 6 months or more may prevent or delay the development of allergies in such infants. Because 
antigens from foods ingested by the mother can be excreted into breast milk, breastfeeding decreases but does not 
eliminate exposure of the infant to food allergens. Protection occurs only if the quantity of allergenic foods (e.g., cow’s 
milk, eggs, fi sh) has been reduced in the maternal diet during lactation. If breast-feeding is not possible, infants at risk 
may be fed hydrolyzed milk-based formulas (e.g., Alimentum, Pregestimil, Nutramigen). Patients with severe food al-
lergies may require amino acid–based formulas (e.g., Neocate, EleCare).

ALLERGIC RHINITIS
Allergic rhinitis (hay fever) is a very common disorder, aff ecting as many as 30% to 40% of children. Unless 
it is associated with asthma, allergic rhinitis is generally not a life-threatening disorder. However, it remains a 
signifi cant problem in terms of morbidity and health care costs.

Pathophysiology
Allergic rhinitis is caused by allergic reactions to environmental allergens. Reaction to wind-borne pollens of 
grasses, trees, and weeds leads to seasonal allergic rhinitis, and reaction to house dust mite allergen, pet dander, 
or mold spores results in perennial allergic rhinitis.
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Clinical and Laboratory Evaluation
History

A careful history regarding the nature, frequency, seasonality, duration, location (e.g., indoors or outdoors, 
home or school), and intensity of the symptoms is required to assess the problem. Exposure to nonspecifi c 
 irritants (e.g., perfumes, smoke, air pollution, solvents) may also result in signifi cant symptoms in patients with 
 hyperreactive nasal mucosa.

Symptoms of allergic rhinitis include chronic recurrent sneezing, nasal congestion, clear rhinorrhea, and pru-
ritus of the nose, eyes, ears, and soft palate. Patients frequently rub their nose with the palm of their hands  (allergic 
salute) or rub the soft palate with their tongue, producing clucking sounds. Usually, allergic  symptoms immediately 
follow (within 20 minutes) exposure to the off ending allergen. In addition, severe reactions with  nasal congestion, 
sneezing, and rhinorrhea may reoccur 6 to 12 hours after exposure (late-phase reactions).  Perennial allergic rhinitis, 
with chronic rather than intermittent exposure to allergen, results in signifi cant chronic nasal congestion,  sniffi  ng, 
and snoring but less sneezing than in seasonal rhinitis (which occurs mainly in the morning on awakening). 
 Associations between exposure and onset of symptoms are often less clear in perennial allergic  rhinitis. In severe 
cases, an “allergic facies” with mouth breathing and dental malocclusion or overbite is observed.

Family history may be important. Often, patients with allergic rhinitis have a personal or family history of 
asthma or atopic dermatitis. An evaluation of clinical responses to medications and an environmental  history, 
recording the place and type of residence, type of indoor heating, and the presence of pets and of cigarette 
 smokers, is also warranted.

Physical Examination

Th e physical examination is often remarkable for the presence of clear nasal discharge and for enlarged,  often 
pale turbinates. A transverse nasal crease may be present, secondary to the chronic practice of the allergic 
 salute. Nasal polyps (gray, glistening membranous tissue, often with fi ne blood vessels) are very uncommon 
and are seen mainly in older children, adults, and in patients with cystic fi brosis. Th e sclera may be injected 
and, rarely, edematous; the lower eyelids may be darkened (allergic shiners) from venous stasis and creased
(Dennie-Morgan lines) from intermittent edema. When vernal conjunctivitis is present, the palpebral 
 conjunctiva has a cobblestone appearance. A geographic tongue is also common in atopic patients. Th e middle 
ear may contain fl uid or evidence of infection, and examination of the chest may reveal wheezing, rales, or 
 rhonchi. Signs of asthma and atopic dermatitis may be present. Digital clubbing, which occurs in patients with 
severe chronic lung diseases (CLDs) (e.g., cystic fi brosis), does not generally occur in patients with an allergy.

Laboratory Evaluation

Specifi c allergens to which patients are allergic can be identifi ed by (immediate) skin tests or by in vitro 
 measurement of serum allergen-specifi c IgE. For inhalant allergens, skin testing is more sensitive, is less costly, 
and gives results in minutes rather than days, compared with in vitro measurement of specifi c IgE. Identifi cation 
of specifi c off ending allergens is critical if specifi c environmental control measures are to be implemented or if 
immunotherapy is contemplated (see Allergen Immunotherapy).

Other relevant laboratory studies include nasal cytology, which may show eosinophils (instead of  neutrophils 
as in sinusitis). A complete blood cell count (CBC) with diff erential may show eosinophilia. Elevated serum IgE 
suggests the presence of allergic disease. Because there is considerable overlap between the values of normal and 
allergic individuals, however, the total IgE test has low sensitivity and low specifi city and is useful mainly as a screen-
ing test when the presence of allergic disease is not clear. Total IgE is also elevated in parasitic  infections, infectious 
mononucleosis, allergic bronchopulmonary aspergillosis, and various immunodefi ciencies and  neoplastic diseases.

Differential Diagnosis
Several conditions may be confused with allergic rhinitis (Table 17-1). Upper respiratory viral infections and 
chronic sinusitis are often very diffi  cult to distinguish from allergic rhinitis, which is generally associated with 
sneezing and pruritus of the nose and eyes.

Management
Th e treatment for allergic rhinitis must be individualized. Disease severity varies greatly, and the clinician must 
assess its impact on patients before embarking on therapy, especially because some children (and adults) with 
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severe allergic rhinitis often refuse prescribed medical therapy. Treatment modalities include avoidance of 
 allergens, pharmacologic therapy (systemic and topical therapy), and allergen immunotherapy. Environmental 
controls may be suffi  cient for treatment of less severe disease, but a combination of therapeutic measures is 
necessary for more severe disease.

Environmental Control and Avoidance of Allergens

Environmental measures play a very important role in the treatment of allergic rhinitis and are often overlooked 
(Table 17-2).

Pharmacologic Therapy

Antihistamines (H1 antagonists), which are safe and eff ective medications for the treatment and prevention
of allergic reactions, are particularly useful in controlling the symptoms of sneezing, nasal pruritus, and  rhinorrhea. 
A large number of diff erent antihistamines are available, but for simplicity, the physician should become  familiar 
with only a few. Although diphenhydramine (Benadryl) and hydroxyzine (Atarax) are extremely eff ective in 
relieving acute allergic reactions, these should be avoided in patients with allergic rhinitis because they are 
especially sedating. Second-generation antihistamines include loratadine (Claritin) and fexofenadine (Allegra), 
which are nonsedating, and cetirizine (Zyrtec), which has a low rate of sedation (5% to 10%). Loratadine and 
cetirizine are available in pill and liquid forms without a prescription, and all are available in combination with 
a decongestant, although only in dose formulations suitable for older children and adults. Other antihistamines 
including fexofenadine (Allegra), desloratadine (Clarinex), and levocetirizine (Xyzal) are also eff ective and have 
few side eff ects, but they are expensive and still require a prescription in the United States. Topical antihistamine 

 TABLE 17-1

Differential Diagnosis of Rhinitis

Diagnosis

Character of 

 Nasal Discharge Comments

Allergic rhinitis Both seasonal and perennial rhinitis are associated with nasal 
pruritus, sneezing, and allergic conjunctivitis

Seasonal rhinitis Clear Symptoms are more acute than in perennial rhinitis

Perennial rhinitis Clear Chronic nasal congestion and allergic shiners are prominent

Viral URI Clear Symptoms last only 7–10 days, may be associated with sore 
throat, fever, poor appetite, and exposure to others with URI

Sinusitis Purulent or clear Symptoms, often lasting �10 days, are associated with cough, 
headache, halitosis, and abnormal sinus radiographs or 
CT scans

NARES Clear Skin tests are negative but eosinophils are present on nasal 
smear

Vasomotor rhinitis Clear Perfuse nasal discharge is triggered by exercise, heat, cold, and 
strong smells

Hormonal rhinitis

Other Clear Nasal congestion can result from hypothyroidism or pregnancy

Nasal polyps Purulent or clear Nasal polyps are associated with cystic fi brosis, aspirin triad 
(asthma, aspirin sensitivity, nasal polyps with chronic sinus-
itis), or symptoms of chronic rhinitis

Foreign body Purulent Condition primarily occurs in children �2 years of age

Tumors Purulent or clear Condition is rare in children

CT, computed tomography; NARES, nonallergic rhinitis with eosinophilia syndrome; URI, upper respiratory infection.

770309_Ch_17.indd   451770309_Ch_17.indd   451 5/6/11   1:41:43 PM5/6/11   1:41:43 PM



452   SECTION II ■ PEDIATRIC SUBSPECIALTIES

nasal sprays, olopatadine (Patanase), and azelastine (Astelin, Astepro, Astepro 0.15%) are prescription drugs 
with good effi  cacy, although bitter taste, and somnolence may reduce compliance.

For patients who have infrequent symptoms, fi rst-generation antihistamines such as chlorpheniramine 
and brompheniramine, alone or in combination with decongestants (e.g., phenylephrine or pseudoephedrine), 
may be options for the treatment of allergic rhinitis (and upper respiratory infections). Although the older 
 antihistamines can be sedating and may cause problems during the daytime in school-age children, they are 
often preferred by parents for use in young children at night.

Systemic adrenergic drugs (decongestants) are eff ective treatment for nasal congestion, but they do have 
signifi cant potential side eff ects and so should be used judiciously. Topical preparations such as oxymetazo-
line hydrochloride (Afrin) or xylometazoline hydrochloride (Otrivin) should not be used for the treatment 
of  allergic rhinitis because after prolonged use (more than 3 to 5 days), they can cause severe rebound edema 
(rhinitis medicamentosa).

Cromolyn (Nasalcrom), which is available as a nasal spray without prescription, is a weak anti-infl am-
matory agent. It inhibits mast cell degranulation, but has other antiallergic eff ects and is eff ective at relieving 
symptoms of allergic rhinitis. Because it has virtually no side eff ects, it is safe for use in children, although it 
must be used 2 to 6 times/day to be eff ective.

Topical nasal steroids (mometasone [Nasonex], fl uticasone [Flonase], budesonide [Rhinocort], beclom-
ethasone [Beconase], and ciclesonide [Omnaris]) are the most eff ective pharmacologic agents for the treatment 
of allergic rhinitis. Th ey provide the greatest benefi t for the broadest range of symptoms and are especially 
useful in patients who have prominent symptoms of nasal congestion. In general, patients receive only minute 
doses. However, at higher doses systemic eff ects may occur in some patients, possibly aff ecting growth and bone 
 mineralization. Th erefore, topical nasal steroids should be used with some caution. Th ere is no indication for the 
use of systemic corticosteroids in the treatment of allergic rhinitis.

Allergen Immunotherapy

Allergen immunotherapy, which involves the subcutaneous administration of increasing doses of allergen, is 
highly eff ective and safe in patients with allergic rhinitis in whom specifi c allergens (inhalant allergens and bee 
venom) are identifi ed. Immunotherapy alters the underlying immune response to allergens by decreasing the 
production of allergen-specifi c IgE and of allergen-induced T

H
2 cytokines such as IL-4. It is the only treatment 

currently available that alters the natural course of, and potentially cures, allergic disease. Because of the cost in 
terms of time and pain,  allergen immunotherapy is generally reserved for patients older than 5 to 6 years of age 
with moderate-to-severe allergic rhinitis. However, immunotherapy prevents polysensitization and also prevents 
the progression from allergen sensitization toward allergic asthma, suggesting that a more liberal use particularly 

 TABLE 17-2

Environmental Control Measures
1. Prohibit smokers from entering house.

2. Do not keep pets indoors if patient is allergic to cats or dogs.

3. Avoid using paints, solvent-based glues, or insect sprays while patient is home.

4.  Use dust mite control measures, including covering pillows, mattresses, and box springs with special 
 encasements. Keep humidity relatively low, as mites thrive in humid environments. Wash bedding 
weekly. Keep stuff ed animals off  bed and to a minimum. Discourage use of upholstered furniture.

5.  Discourage use of carpets as fl oor coverings, because they greatly increase the level of dust mite antigen 
compared with hardwood fl oors.

6.  Use air conditioners, which are benefi cial in hot summer weather because windows can be kept closed 
to exclude airborne pollen allergens and humidity can be controlled. (Th is is true not only for houses
but also for automobiles.)

7.  Use air cleaners with high-effi  ciency particle arresting (HEPA) fi lters, which are able to remove 
99.97% of particulate matter and are benefi cial in bedrooms (eff ective for pollen, mold spores, and 
animal dander but not dust mite allergens).
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in young children should be  considered. Th e administration of allergen immunotherapy must take place in a 
physician’s offi  ce where treatment for systemic reactions is readily available because of a small but real risk of 
anaphylaxis, particularly in patients with asthma.

ATOPIC DERMATITIS
Atopic dermatitis, or eczema, is a very common childhood skin disorder that aff ects about 10% to 15% of chil-
dren. Th e prognosis in most aff ected patients is extremely good, with a tendency for remission at 3 to 5 years of 
age and with approximately 75% of patients outgrowing the problem by adolescence.

Clinical Evaluation
Th ere is no pathognomonic feature or laboratory marker of atopic dermatitis, and therefore the diagnosis 
is a clinical one. Th e condition is characterized by the following essential features:

• Pruritis
• Dry, scaly, and often erythematous skin lesions
• Skin lesions that have a typical distribution
• A chronic relapsing course

Th e most useful clue in making the diagnosis of atopic dermatitis is the distribution of the lesions, which 
is very typical but varies with age. In the infantile form, the face, extensor surface of the arms, and the chest 
are  aff ected; the diaper area is spared. In any age, the lesions appear in the antecubital and popliteal fossae, and 
on the wrists and dorsal surface of the hands. In the adult form, the dorsal surfaces of the hands and feet are 
 aff ected. Important features that are observed in most cases include early age of onset, personal or family history 
of atopy, elevated total and specifi c IgE, and xerosis.

Differential Diagnosis
Any “eczematoid” lesion may have the appearance of atopic dermatitis, and these conditions must be  distinguished 
from atopic dermatitis (Table 17-3). Because the term “eczematoid” is often used to describe the  response of 
the skin to a sensitizing agent, it is important that the specifi c sensitizing agent be identifi ed (where possible) 
for proper management. If a specifi c off ending agent is identifi ed (contact antigen or chemical), then part of the 
preventive approach obviously is avoidance of the particular agent or agents.

Management
As with other atopic diseases, patients with atopic dermatitis often experience a chronic relapsing course, which 
can be frustrating to both parents and children. Th e focus of treatment should be on assessing the severity of the 
problem, which will vary with time, and on providing measures appropriate for the disease severity to control 
the symptoms. Excellent control can almost always be achieved.

General measures in the treatment of atopic dermatitis include avoidance of irritants such as soap, 
 detergents, solvents, chemicals, and wool or acrylic clothing. Th e patient should dress with loose-fi tting cotton 
clothing and should avoid overheating. Fingernails should be trimmed often.

Pediatric Pearl: Because pruritus is a signifi cant feature of the disease and injury to the 
skin from scratching aggravates the condition, it is important to provide measures that 
reduce pruritus.

Pe
sk
red

Skin hydration is a major part of the treatment plan because it greatly reduces pruritus. Frequent baths 
with water can result in drying of the skin due to water evaporation, and this has led some physicians to recom-
mend limitations on bathing. However, improved skin hydration can be achieved by using the “soak and seal” 
 technique. With this method short baths or showers in lukewarm water are followed immediately by the 
 application of lubricants to trap moisture in the skin. Depending on the severity of the problem, fragrance-free 
creams, hydrated petrolatum, or petroleum jelly (Vaseline) can be used. A more severe disease requires greater 
 occlusion, using wet wraps or zinc oxide wraps, which are applied after emollients and topical steroids.
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Treatment of atopic dermatitis involves the use of topical steroids on aff ected skin (generally only on 
 erythematous areas). Topical steroids decrease pruritus, reduce infl ammation, and cause vasoconstriction.  Topical 
steroids are available in diff erent strengths and with diff erent vehicles (Table 17-4). Ointments and gels provide 
better penetration, and therefore increased potency, compared with creams or lotions. Only low-potency steroids 
should be used on the face to avoid skin atrophy. High-potency steroids should be avoided except for limited 
periods and in restricted areas because systemic side eff ects may occur with treatment of large areas of the body. 
Generally, systemic steroids are not necessary for the treatment of atopic dermatitis.

Oral antihistamines, which are eff ective in decreasing pruritus, are another component in the treatment of 
atopic dermatitis. Antihistamines such as hydroxyzine (Atarax or Vistaril), diphenhydramine (Benadryl), and 
cetirizine (Zyrtec) are often used. Nighttime doses are particularly important because pruritus and scratching 
are often worse at night.

Because topical corticosteroids, especially high-potency formulations used for long periods, have potential 
local and systemic side eff ects, alternative treatments are promoted. Topical tacrolimus (Protopic) ointment and 
pimecrolimus (Elidel) are important second-line therapies. Th ese agents have a broad range of antiinfl ammatory 
activities and are highly eff ective at treating atopic dermatitis. Th ey do not cause skin atrophy because they do not 
aff ect collagen synthesis. In addition, at prescribed doses, they do not appear to have any systemic  side eff ects.

Most patients with atopic dermatitis respond to treatment with good skin care, topical steroids, and 
 antihistamines, but in those who are resistant to such care, food allergies must be considered. Recent studies 

 TABLE 17-3

Differential Diagnosis of Atopic Dermatitis

Disorder Comments

Seborrheic dermatitis Usually begins on scalp (cradle cap) and sides of nose, 
with greasy, scaly lesions

Diaper dermatitis Sparing of diaper area with atopic dermatitis

Contact dermatitis Generally not chronic and recurring; does not occur 
with typical distribution but rather on exposed sites

Tinea Usually found in skin folds (neck, diaper area) rather 
than with typical distribution of atopic dermatitis

Histiocytosis X Generally hemorrhagic (petechia)

Psoriasis Raised plaques with sharply demarcated, irregular 
borders and silvery scales, occurring mainly on scalp, 
knees, elbows, and genitalia

Pyoderma Generally pustular

Scabies Usually in intertriginous areas; can have generalized rash 
with Id reaction; often several family members aff ected

Other conditions
 Immunodefi ciency disorders
   (Wiskott-Aldrich, SCID, hyper-IgE

syndrome, IPEX syndrome)

Unusual presentation; poor response to steroids

Metabolic disorders

Phenylketonuria, histidinemia

Acrodermatitis enteropathica

Ectodermal dysplasia

IPEX, immune dysregulation, polyendocrinopathy, enteropathy, X-linked syndrome; SCID, severe combined 

 immunodefi ciency disease.
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indicate that as many as 30% to 50% of young children with severe atopic dermatitis have food allergies. Th e 
diagnosis and the management of patients allergic to food are described in the next section.

Disease severity in atopic dermatitis tends to wax and wane. Acute exacerbations, caused by increased 
scratching, stress, heat, or infection, are characterized by increased pruritus and development of new skin lesions 
and should be treated with more aggressive skin care, including more frequent baths followed by emollients. 
When lesions become crusted, weepy, or vesicular, infection with Staphylococcus aureus or herpes simplex (eczema 
herpeticum) should be suspected. Discontinuation of steroid medications and emollients is necessary at the 
involved sites, and cool, wet compresses to the skin are appropriate. Staphylococcal infections warrant topical or 
systemic antimicrobiol/antibiotic therapy, whereas herpes simplex infections need topical or systemic acyclovir.

Pediatric Pearl: Patients with atopic dermatitis are also prone to superfi cial fungal skin 
infections. Therefore, scaly erythematous lesions without the usual distribution of atopic 
dermatitis that are unresponsive to the usual therapy for eczema should be scraped and 
examined for hyphae and treated with antifungal medications.

Pe
inf
de

FOOD ALLERGY
Adverse reactions to foods are relatively common in both children and adults. Because of the confusion  regarding 
adverse reactions to food, as many as one-third of adults believe they have food “allergies,” although the true 
incidence is estimated to be less than 3% to 6% of the general population. In this discussion, the term “food 
 allergy” refers to an abnormal response to a food that is triggered by an IgE-mediated immunologic reaction.

Pathophysiology (IgE-Mediated Food Allergy)
When severe reactions such as anaphylaxis occur immediately after ingestion, it is usually not diffi  cult to  identify 
the off ending food. When symptoms are more vague (e.g., headache, fatigue, increased irritability, behavior 
 disorders, colic, diarrhea, vomiting) and do not occur immediately after ingestion of the food, identifi cation of 
the cause and mechanism can be extremely diffi  cult. Much of this diffi  culty is due to the fact that reactions to 
foods can occur via several mechanisms (Table 17-5), some of which are poorly understood.

Clinical Evaluation
Th e symptoms of food allergy vary considerably and range from rash (often urticaria or hives, or exacerbation 
of atopic dermatitis) to nausea, vomiting, abdominal pain, and diarrhea to wheezing, nasal congestion, and 
 sneezing. Anaphylaxis, with respiratory and cardiovascular collapse, is the most severe reaction following  ingestion
(see Anaphylaxis). In young children, other reactions such as colitis may occur, in which case the  mechanism 
may include T cells or immune complexes rather than IgE. In infants, food allergies may cause colic, vomiting, 

 TABLE 17-4

Some Topical Steroid Preparations
Low-potency agents
 Hydrocortisone 1%

Moderate-potency agents
 Betamethasone valerate 0.1% (Valisone)
 Triamcinolone 0.1% (Kenalog)
 Fluocinolone acetonide 0.025% (Synalar)
 Mometasone furoate 0.1% (Elocon)

High-potency agents
 Fluocinonide 0.05% (Lidex)
 Halcinonide 0.1% (Halog)
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feeding problems, or growth failure. Most food allergies in young children resolve with time, although allergies 
to peanuts, which can be particularly severe, often remain for life.

Food protein–induced proctocolitis and enterocolitis are non-IgE-mediated food reactions that primarily  aff ect 
infants, commonly caused by sensitivity to cow’s milk protein. Proctocolitis is characterized by bloody stools 
in formula-fed or breast-fed infants. Food protein-induced enterocolitis syndrome is characterized by severe 
 emesis, diarrhrea, and, at times, dehydration and hypotension up to 2 hours after ingestion of milk, as well 
as failure to thrive. Th e neutrophil count is elevated and at times this condition is confused with sepsis. Th e 
most  common cause is cow’s milk, but other foods (e.g., soy, egg) are also associated with these problems. Both 
 proctocolitis and  enterocolitis symptoms resolve on withdrawal of milk protein and introduction of hydrolyzed 
or amino  acid–based formulas, and generally fully resolve after 1 to 2 years of age.

Eosinophilic esophagitis is a disorder of mixed IgE- and cell-mediated immunopathology. Patients have 
 dysphagia, vomiting, and abdominal pain, often caused by sensitivity to various food proteins. Th e diagnosis is 
made by endoscopy and esophageal biopsy showing large numbers of eosinophils in the mucosa, even after treat-
ment with proton pump inhibitors for 1 to 2 months. Symptoms improve with swallowed corticosteroid aero-
sols, and avoidance of the off ending foods, although occasionally a broad-based elimination diet and  elemental 
diets are required.

Diagnostic Studies
Food reactions are diffi  cult to diagnose because reliable tests are not widely available, except perhaps for 
 IgE-mediated reactions. Th e diagnosis of food allergy is based on a careful history with regard to the 
 reproducibility of the reaction, timing of the reaction (reactions occurring soon after ingestion are more likely to 
be confi rmed), response to treatment (antihistamines should relieve urticaria), and response to elimination of the 
food from the diet. Adverse reactions resulting from food poisoning, pharmacologic eff ects, and gastrointestinal 
(GI) disorders (see Table 17-5) must be ruled out. A positive family history of food allergy or atopic dermatitis 
is common, and IgA defi ciency may be present.

Skin tests for foods or in vitro measurement of food-specifi c IgE (RAST) can be performed to  confi rm 
IgE-mediated food allergies. Food skin testing or RAST have a relatively low specifi city, in that positive 
tests may occur in patients not experiencing allergic reactions to the particular food. However, the tests have 
a relatively good sensitivity; a negative test makes the presence of IgE-mediated allergy unlikely. Skin tests 
or RAST are of limited value for diagnosing food protein–induced proctocolitis and enterocolitis. A more 

 TABLE 17-5

Mechanisms for Developing Adverse Reactions to Food

Mechanism Example

IgE-mediated allergy Anaphylaxis, urticaria (e.g., peanuts), oral allergy syndrome

IgE and/or Immune (non–IgE-mediated) Atopic dermatitis, eosinophilic esophagitis

Immune (non–IgE-mediated) Celiac disease, eosinophilic gastro-enteropathy, FPIES, 
cow’s milk protocolitis 

Food poisoning Botulism, Staphylococcus enterotoxins

Infected food Reaction to viruses or bacteria (e.g., Salmonella, Shigella, 

Escherichia coli)

Pharmacologic eff ect Reaction to caff eine, alcohol, tyramine, histamine

Gastrointestinal disorders Peptic ulcer disease, lactose defi ciency, cholelithiasis,
infl ammatory bowel disease

Reactions to additives Headaches (sodium nitrate), headache/fl ushing 
 (monosodium glutamate), diarrhea (sorbitol), acute airway 
 obstruction (metabisulfi te)

FPIES, food protein-induced enterocoloitis.
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defi nitive, although more time-consuming, test for food allergies and food intolerance is the double-blind 
placebo-controlled food challenge in which the patient is given increasing oral doses of the suspected food in 
a blinded fashion. Th e most common foods causing IgE-mediated reactions are milk, eggs, peanuts, tree nuts, 
shellfi sh, soy, and wheat. It is important to identify the specifi c problematic food(s) so that specifi c dietary 
recommendations can be made.

Management
Once food allergies have been identifi ed, the treatment is dietary avoidance of the off ending food or foods. 
Some foods, such as celery, are easily eliminated from the diet. Avoidance of other foods such as milk or wheat, 
which are added to several products such as bread, cakes, and cookies, requires careful dietary planning. Patients 
or their parents must read food product labels carefully and communicate closely with restaurants and schools in 
order to avoid the off ending foods. Overzealous restriction of the diet frequently causes malnutrition and failure 
to thrive. Th erefore, substitute foods must be recommended. In infants, allergy to cow’s milk or soy products 
(estimated frequency in 2% to 5% of all infants) is often blamed for vomiting and feeding problems, prompting 
multiple formula changes over short periods. In such instances, diagnostic testing is useful, as is the switch to 
hypoallergenic formulas such as Pregestimil, Nutramigen, Alimentum, Neocate, or Elecare. Once the feeding 
problem is under control and the off ending food or foods have been identifi ed, substitution of a less costly (and 
more palatable) formula can be attempted.

Because accidental ingestion of off ending foods still may occur in spite of precautions, antihistamines 
and bronchodilators for mild reactions and epinephrine for more severe reactions (see Anaphylaxis) should 
be available for administration. Patients with a history of food-induced anaphylaxis should be taught how 
to self-administer epinephrine using self-injectable epinephrine (Epipen or Twinject), and should wear
a Medic-Alert bracelet.

ANAPHYLAXIS
Anaphylaxis is an acute, severe, life-endangering situation caused by an immunologic reaction. Risk factors 
for fatal anaphylaxis include asthma and other respiratory diseases, cardiovascular disease, and mastocytosis. 
Peanuts and tree nuts are the foods most likely to cause severe anaphylaxis. Use of �-blockers and angiotensin-
converting enzyme inhibitors make anaphylaxis more diffi  cult to treat.

Pathophysiology
Most anaphylactic reactions are IgE- and mast cell–initiated processes and can occur in atopic as well as nona-
topic individuals. Virtually any foreign substance, including foods or latex-associated proteins, can induce IgE 
synthesis, and therefore induce an anaphylactic reaction (Table 17-6). As in other IgE-mediated reactions, mast 
cells are activated and release the contents of their granules, including histamine; tryptase; TNF; IL-1, IL-4, 
IL-6, and IL-33; and lipid mediators such as prostaglandin D2, leukotriene C4, and PAF. Histamine, TNF, and 
PAF cause the production of nitric oxide, resulting in vascular dilation and leakage. Depending on the allergen, 
mast cells can release some mediators but not others, resulting in clinical variants of anaphylaxis.

Pediatric Pearl: In treating allergic reactions that occur on accidental food ingestion 
in  allergic individuals, delayed administration of epinephrine is associated with a fatal 
 outcome. Allergic reactions should be treated promptly with epinephrine, particularly 
 reactions involving the respiratory tract (e.g., symptoms of wheezing, stridor, cough, or 
voice change), and the patient should be close monitored to determine whether a second 
dose of epinephrine is required.

Pe
in 
ou

Clinical Evaluation
Th e symptoms of anaphylaxis include generalized urticaria, stridor, laryngeal edema, diffi  culty swallowing, 
wheezing, nasal congestion, abdominal cramps, diarrhea, hypotension (decreased systemic vascular resistance, 
increased vascular permeability), and vascular collapse. Sneezing, pruritus (especially of hands and soles),
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 TABLE 17-6

Causes of Anaphylaxis
IgE-Mediated

Drugs and medications
 Penicillin, cephalosporins
 Chymopapain, L-asparaginase
 Blood products

Foods
 Peanuts, tree nuts, seafood, eggs, milk, wheat, soy

Stinging insects (Hymenoptera)
 Honey bee
 Wasp, vespid
 Fire ant

Allergen immunotherapy (allergy shots)

Latex (especially in patients with meningomyelocele)

Immunologic Non-IgE-Mediated

 IgG-antigen immune complexes

 Aspirin

 Preservatives (e.g., metabisulfi te)

 Anesthetic agents

 Radiocontrast media

 Direct mast cell degranulation
  Opiates
  Vancomycin
  Ciprofl oxacin
  Complement components C5a, C3a

Nonimmunologic

  Idiopathic exercise induced

  Cold induced (air or water)

a  feeling of impending doom, or hoarseness in the throat and dysphonia may initiate the episode. Some  clinicians 
have classifi ed the degree of severity of anaphylaxis in the following manner:

• 1-Mild: Involving skin and subcutaneous tissues only (generalized urticaria, periorbital edema,  angioedema)
• 2-Moderate: Features suggesting respiratory, cardiovascular, or GI involvement
• 3-Severe: Hypoxia, hyptension, or neurologic compromise

It is now recognized that although anaphylaxis (like other allergic reactions) is an acute problem caused 
by an explosive release of mediators, in many cases anaphylaxis can be protracted or biphasic, due to the 
 development of late-phase responses. Th erefore, patients with anaphylaxis who symptomatically improve  rapidly 
with  treatment must be observed closely for recurrence for at least an additional 4 to 12 hours after the initial 
episode. Concurrent illness, underlying asthma, or use of �-adrenergic blockers (propranolol [Inderal]) can also 
predispose to a more severe episode of anaphylaxis.

Differential Diagnosis
Vasovagal reactions, hypoglycemic reactions to insulin, and cardiac arrests can mimic anaphylaxis. Th ese types of 
episodes are not associated with skin manifestations (except diaphoresis).
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Angioedema without urticaria can be caused by C1 esterase inhibitor defi ciency or hereditary  angioedema 
(HAE), an autosomal dominant disorder. Patients have attacks of swelling (angioedema) that can involve any 
part of the body, including the airway, extremities, and GI tract. Minor trauma may trigger an attack. Th e 
disorder, which is not associated with urticaria or pruritis, is diagnosed by low serum level of C4, even when a 
patient is asymptomatic, and the C1 esterase inhibitor level will also be low or its function abnormal.  Traditional 
treatments for anaphylaxis, such as epinephrine and antihistamines, are not eff ective. C1 esterase  inhibitor 
 replacement therapy for acute episodes and for prophylaxis is an eff ective although expensive therapy for HAE. 
Treatment with androgen derivatives such as danazol and stanozolol is eff ective in preventing  symptoms. 
 However, these drugs can have unwanted side eff ects, especially in children and females.

Management
Successful treatment requires the prompt recognition of anaphylaxis and the institution of appropriate therapy 
as soon as possible. Th e causative agent should be identifi ed and discontinued (e.g., intravenous antibiotics). 
Th e treatment of choice is epinephrine 0.01 mL/kg (up to 0.3 to 0.5 mL) intramuscular (IM). If anaphylaxis 
is due to an insect sting or allergy shot, another dose of epinephrine is indicated at the site of the sting or 
 allergy shot, and a tourniquet should be placed around the involved extremity. Supplemental oxygen should be 
administered if necessary, and an airway should be established and maintained. Intubation or tracheotomy may 
be required. If the blood pressure is reduced, intravenous fl uids (10 to 20 mL/kg of normal saline) should be 
administered (see Chapters 4 and 24). In addition, diphenhydramine, 1 to 2 mg/kg IM, intravenous (IV), or by 
mouth (PO), should be given. Cimetidine or ranitidine (H2 receptor antagonists) may also help.  Corticosteroids 
( methylprednisolone/Solu-Medrol 1 to 2 mg/kg IV, or prednisone 1 to 2 mg/kg PO), when given early, may help 
limit late-phase or prolonged responses. Inhaled bronchodilator therapy (albuterol sulfate) or aminophylline 
may also benefi t patients with wheezing. For prevention, patients with a history of severe bee sting  anaphylaxis 
benefi t from immunotherapy with bee venom and from appropriate measures to avoid insects. Patients with a 
history of food, bee sting, or latex allergy and anaphylaxis should also be taught how to self-administer epineph-
rine using an EpiPen Twinject and should wear a  Medic-Alert bracelet.

IMMUNOLOGIC DISORDERS: RECURRENT INFECTION
Most children have frequent minor infections, including an average of 8 to 10 upper respiratory infections per 
year and at least one, if not many, episodes of otitis media in the fi rst years of life. Th us, a high proportion of 
visits to pediatricians are for the evaluation and treatment of infection.

Pathophysiology
Several mechanisms are involved in host defense against infection. Th ese mechanisms may be divided into 
three groups (Table 17-7). Th e anatomic-mucociliary compartment is an important part of host defenses and is 
 frequently overlooked in the evaluation of recurrent infection. Innate immunity is the fi rst line of defense against 
pathogens, occurs relatively rapidly (minutes to hours), and is antigen-nonspecifi c. However, innate immunity 
can infl uence the subsequent development of adaptive immune responses. In contrast, adaptive  immunity 
 involves antigen-specifi c memory and is more versatile, but slower in response (5 to 14 days) than innate immu-
nity, especially with the fi rst exposure to a particular antigen. All of these compartments interact with each other, 

 TABLE 17-7

Mechanisms Involved in Host Defense
Anatomic-mucociliary barrier mechanisms

Innate immunity
 Cellular components: phagocytes, dendritic cells, and natural killer cells
 Soluble factors: complement, acute-phase proteins, and cytokines

Adaptive immunity
 B-cell compartment: humoral immunity
 T-cell compartment: cell-mediated immunity
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and defects can occur in one or more of them. In young children, all of these compartments are less well 
developed than in adults, and this immaturity can result in increased susceptibility to infection. In primary 
immunodefi ciency, gene mutations or deletions result in frequent or unusually severe infections, with micro-
organisms that are either common or unusual. Autoimmune disorders and malignancies may also occur in 
these patients.

Anatomic-Mucociliary Defenses

Th e body interfaces with its environment via the skin and the mucous membranes of the respiratory tract. Breaks 
in the integument or obstruction of normal drainage at these sites can lead to recurrent infection. Several defects 
in the anatomic-mucociliary system may lead to recurrent infection (Table 17-8).

Innate Immunity

cellular components. Phagocytic cells engulf and digest foreign antigens and microorganisms. 
 Polymorphonuclear neutrophils are the predominant phagocytic cells in the blood. Th eir major function is to 
ingest pyogenic bacteria and some fungi, particularly Aspergillus spores. Neutrophils have cell surface receptors 
for the Fc portion of immunoglobulin (Ig) and complement, which enhance recognition and phagocytosis of 
foreign material. Phagocytosis triggers the nicotinamide adenine dinucleotide phosphate oxidase system that 
generates superoxide and hydrogen peroxide, which aid in the killing of ingested organisms.

Macrophages are long-lived phagocytic cells that develop from monocytes in the blood and are particu-
larly eff ective in killing facultative intracellular organisms (e.g., Mycobacteria, Toxoplasmosis gondii, Legionella 

pneumophila). Macrophages present antigen to T cells and secrete cytokines such as IL-1, IL-6, and IL-12.
Natural killer (NK) cells mediate cytotoxic activity against virally infected cells and tumor cells. NK cells, iden-

tifi ed by expression of CD56 and CD16, but not CD3, recognize antibody-coated cells (through CD16, Fc�RIII) 
and kill them by antibody-dependent cellular cytotoxicity. In addition, NK cells recognize their targets through 
killer-activating and killer-inhibitory receptors. Th e activating receptors recognize several ubiquitous cell surface 
molecules, and the inhibitory receptors recognize major histocompatibility complex (MHC) class I. Normally both 
molecules are present on the target cell surface and the kill order is overridden. However, when MHC class I expres-
sion is suppressed (e.g., by viral infection), limited inhibitory signaling is generated and the target cell is lysed.

 TABLE 17-8

Anatomic-Mucociliary Defects that Result in Recurrent Infection
Anatomic defects in upper airways
 Aspiration syndromes (gastroesophageal refl ux, poor gag refl ex, ineff ective cough)
 Cleft palate, eustachian tube dysfunction
 Adenoidal hypertrophy
 Nasal polyps
 Obstruction of paranasal sinus drainage (osteomeatal complex disease)
 Encephaloceles, sinus tracts

Anatomic defects in tracheobronchial tree
 Tracheoesophageal fi stula
 Pulmonary sequestration, bronchogenic cysts, vascular ring
 Tumor, foreign body, or enlarged nodes

Physiologic defects in upper and lower airways
 Primary ciliary dyskinesia syndromes, Young syndrome
 Cystic fi brosis
 Allergic rhinitis (causing congestion, obstruction, and abnormal secretions)
 Chronic smoke exposure (resulting in congestion, obstruction, and abnormal secretions)

Other defects
 Chronic atopic dermatitis
 Ureteral obstruction/refl ux
 Poor vascular perfusion
 Central venous lines, artifi cial heart valves
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Bacteria, fungi, and viruses contain conserved molecular motifs called pathogen-associated molecular 
 patterns (PAMPs), which are recognized by pattern recognition receptors on cells of the innate immune system. 
Th ere are three diff erent types of pattern-recognition receptors: endocytic, signaling, and secreted. Th e fi rst type 
of receptor (e.g., mannose receptor and macrophage scavenger receptor, which recognize microbial  carbohydrates) 
enhances phagocytosis. Th e second type of receptor leads to increased production of cytokines and costimula-
tory molecules. Th ese receptors include Toll-like receptors, on the cell surface or in endosomes, which recognize 
 endotoxin, fl agellin, bacterial/viral RNA or DNA, and infl ammasome receptors (NLRs), which recognize  PAMPs 
in the intracellular compartment. Binding of PAMPs to these receptors leads to enhanced antigen presentation 
and T-cell activation. A third type of pattern recognition receptor, a soluble factor (e.g., mannan-binding lectin), 
binds to microbial cell walls, fl agging them for recognition by complement and  phagocytes.
soluble factors. Th e major soluble factors in the immune system are part of complement, a system consisting 
of about 30 plasma and cell membrane proteins that act in a sequential cascade to amplify immunologic stimuli 
in an antigen-nonspecifi c manner. Th e alternative and lectin pathways are antibody-independent, whereas the 
classic pathway is antibody-dependent. Activated complement components have potent  opsonizing; chemotac-
tic, vasoactive, and lytic activity; and can activate neutrophil respiratory burst activity.

Several other soluble factors are important in innate immunity. Acute-phase proteins have both pro- and 
anti-infl ammatory activity. Th ey are involved in recognition of damaged cells and pathogens, activation of 
 complement, induction of cytokine production, and promotion of wound healing. Chemokines are produced 
by antigen-presenting cells, endothelial cells, and B and T cells. Th ey are involved in recruitment and  activation 
of infl ammatory cells. Cytokines serve as the messengers of the immune system and are also produced by 
 infl ammatory cells as well as epithelial and endothelial cells.

Adaptive Immunity

Th e adaptive immune system is composed of B cells and T cells, which generate extremely diverse yet specifi c 
receptors against pathogens and proteins.
b cells. Antibodies or immunoglobulins are serum proteins produced by B cells that bind specifi cally to  antigens 
(e.g., glycoproteins, carbohydrates, or toxins). Th is interaction results in the inactivation or agglutination of the 
antigen, in opsonization of the antigen for phagocytosis, or in the binding and activation of complement, lead-
ing to cytolysis of the pathogen. Ig molecules can be divided into fi ve major isotypes based on diff erences in their 
heavy-chain components: IgG, IgM, IgA, IgD, and IgE. Infants produce only small amounts of Ig before 4 to 
6 months of age and receive virtually all of their Ig transplacentally from their mothers. Normal levels of serum 
Ig reach a nadir at around 4 to 6 months of age and then increase slowly over the next several years (Figure 17-1). 
 Because the immune system matures over a period of several years, the ability to respond to bacterial polysac-
charide antigens is not consistently acquired until after approximately 2 years of age. Adult levels of IgG are not 
present until about 5 to 7 years of age, whereas adult levels of IgA are not acquired until 10 to 14 years of age.

IgG, the major Ig in serum, is the major Ig produced in secondary immune responses. It diff uses well into 
tissues and crosses the placenta. IgG can be subdivided into four subclasses based on diff erences in the heavy 
chain: IgG1, IgG2, IgG3, and IgG4. In general, the IgG2 subclass accounts for antibody responses to polysac-
charide antigens, whereas the IgG1 and IgG3 subclasses account for responses to protein antigens.

IgM in the fi rst antibody produced after primary antigenic stimulation. It is involved in complement 
 activation and opsonization. Secretory IgA is the primary Ig of the mucosa. IgD serves as an antigen receptor 
on B cells. IgE is the principal mediator of immediate hypersensitivity reactions.
t cells. T lymphocytes are involved in many immune mechanisms, including the cytolysis of virus-infected cells; 
stimulation of B-cell activation and diff erentiation; and recruitment of macrophages,  neutrophils,  eosinophils, 
basophils, and mast cells. T cells are the major cell type responsible for immunity to intracellular organisms 
( viruses, Mycobacteria, Toxoplasma gondii, Legionella, Brucella), fungal organisms (e.g., Candida), and protozoa; 
for immune surveillance for cancer cells; and for causing graft-versus-host  disease in patients after bone marrow 
transplantation.

T cells can be divided into two major subsets: CD4� and CD8�. CD4� T cells produce cytokines 
and play a central role in helping and regulating immune responses. CD4� helper T (T

H
) cells can be further 

 subdivided into T
H
1 cells, which secrete cytokines such as interferon-� and IL-2; T

H
2 cells, which secrete 

 cytokines such as IL-4, IL-5, and IL-13; T
H
17 cells, which secrete IL-17 and IL-22; and T

Reg
 cells, which 

express the  transcription factor Foxp3. T
H
1 cells are important in activating macrophages and in cell-mediated 

immunity, and T
H
2 cells are critical for the activation and diff erentiation of B cells (humoral immunity) and in 

 downregulating immune responses. T
H
17 cells are involved in protection against bacteria and fungi, and increased 

T
H
17 cell activity is associated with autoimmunity, including infl ammatory bowel disease. Development of
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T
H
 cells expressing inappropriate cytokine profi les can exacerbate infection and cause allergy (T

H
2),  autoimmunity 

(T
H
1), and graft-versus-host disease. Reduced numbers or activity of  T

Reg
 cells is also associated with allergy and 

autoimmunity, and patients with mutations in Foxp3 (immune dysregulation, polyendocrinopathy, enteropathy, 
X-lined [IPEX] syndrome) develop severe food allergy, eczema, and autoimmune disease. CD8� T cells are in-
volved in killing virus-infected cells or tumor cells and possibly in suppressing or limiting immune responses.

Clinical and Laboratory Evaluation
History

A careful history of the frequency, type, location, and severity of infections is required to assess the severity of the 
problem and determine the extent of the immunologic workup that is necessary. Appropriate clinical  judgment is 
essential so that the immunologically normal child is not burdened with unnecessary tests but the rare child with a 
true immunodefi ciency is not missed. Determining the number of infections is an important part of the assessment. 
Separate episodes must be diff erentiated from recurrence of single episodes, which often occurs when episodes of 
otitis media or sinusitis are inadequately treated. With upper respiratory infection or otitis media,  individuals who 
have more than 6 to 10 episodes per year may require investigation. However, there is wide variation in the number 
of such infections occurring in immunologically normal children, and the frequency can increase with increased 
exposure, as in day-care centers or schools, and during the winter months. With more severe infections such as 
meningitis or sepsis, individuals with two or more such infections may warrant investigation.

Th e site(s) of infections must also be determined. Patients with antibody defi ciency disorders or with ciliary dys-
kinesis develop infections at multiple sites (e.g., ears, sinuses, lungs). Individuals with T-cell defi ciencies or neutrophil 
disorders such as chronic granulomatous disease (CGD) develop infections at multiple mucous membrane sites (skin, 
nails, mouth, and groin). In contrast, individuals with anatomic problems (e.g., sequestered pulmonary lobe or ureteral 
refl ux) develop infections confi ned to a single anatomic site (e.g., a single pulmonary lobe or the urinary tract).
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FIGURE 17-1. Immunoglobulin (IgG, IgM, IgA) levels in the fetus and infant in the fi rst year of life. Th e IgG of the fetus 
and newborn infant is solely of maternal origin. Maternal IgG disappears by 9 months of age, by which time endogenous 
synthesis of IgG is well established. IgM and IgA in the neonate are entirely endogenously synthesized because maternal 
IgM and IgA do not cross the placenta.
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Th e history must also include determination of the type(s) of infections that have occurred. Infection with 
encapsulated bacteria suggests antibody, complement, or neutrophil defi ciency disorders. Multiple infections 
with fungi suggest T-cell defi ciency. Invasive pulmonary infection with Aspergillus fumigatus suggests CGD. In-
fections with Neisseria suggest a complement disorder. Severe infection after administration of live viral  vaccines 
indicates severe immunodefi ciency (e.g., reaction to oral polio vaccine suggests the diagnosis of  X-linked ag-
ammaglobulinemia). Finally, development of opportunistic infections caused by uncommon organisms such as 
Pneumocystis carinii or Pseudomonas aeruginosa suggests severe impairment of the immune system.

Another important aspect of the history is the assessment of the severity and consequences of the infections. 
Clearly, recurrent life-threatening infections such as meningitis or sepsis are worrisome and require extensive in-
vestigation. However, recurrent otitis media or sinusitis may occur in immunologically normal children and require 
only limited studies. In such cases, full recovery is achieved after each infection without the accrual of morbidity. 
In contrast, recurrent infection in immunologically defi cient children is associated with incomplete recovery at the 
sites of infection (e.g., tympanic membranes, skin, lung), resulting in scarring, abnormal hearing, persistent drain-
age, CLD, failure to thrive, or anemia of chronic disease. In these cases, the accrual of substantial morbidity from 
repeated infections (including minor infections) suggests the presence of signifi cant immunologic defi ciency.

Other important aspects of the history include (1) family history of infants dying from infection, and
(2) HIV risk factors such as history of blood transfusions, intravenous drug use, or family history of HIV infection. 
A history of the particular conditions suggests certain immunodefi ciency disorders. Infection associated with per-
sistent atypical rashes indicates graft-versus-host disease in severe combined immunodefi ciency; persistent eczema, 
history of thrombocytopenia, and Wiskott-Aldrich syndrome; presence of petechiae or telangiectasia and ataxia 
telangiectasia; neonatal tetany, cardiac disease, ormicrognathia, DiGeorge syndrome; delay in umbilical cord detach-
ment and leukocyte adhesion defi ciency; chronic atypical diarrhea and malabsorption, graft-versus-host disease; and 
chronic viral GI infection, a possible specifi c immunologic diagnosis. Finally, because primary immunodefi ciency is 
rare (see the following), a history of diseases causing secondary immunodefi ciency should be sought (Table 17-9).

Physical Examination

Th e physical examination should focus on the extent to which recurrent infection has disturbed normal growth and 
development and on the presence of features specifi c for certain immunodefi ciency syndromes. Th e clinician should 
search for evidence of persistent infection (e.g., evidence of thrush in the mouth, purulent nasal or otitic discharge, 

 TABLE 17-9

Causes of Secondary Immunodefi ciency
Viral infection
 Measles
 Rubella
 EBV
 CMV
 HIV

Metabolic disorders
 Malnutrition
 Uremia
 Diabetes
 Sickle cell disease

Protein-losing disorders
 Nephrotic syndrome
 Protein-losing enteropathy

Prematurity

Immunosuppressive agents, including corticosteroids

Malignancy

CMV, cytomegalovirus; EBV, Epstein-Barr virus. 
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or persistent rales). It is essential to check the tympanic membranes for scarring and the skin for scarring or rashes. 
It is also important to examine lymphoid tissue such as the tonsils and lymph nodes.  Absence of tonsils suggests 
SCID or X-linked agammaglobulinemia, whereas increased size of lymphoid tissue suggests common variable 
 immunodefi ciency (CVID) or HIV infection. Examination of the extremities may show clubbing or cyanosis.

Laboratory Evaluation

Initiation of laboratory tests for recurrent infection is appropriate if the history and physical examination indi-
cate an immunologic diagnosis. Th e history and physical examination may also suggest which of the fi ve host 
defense compartments is defective, and the laboratory evaluation should be approached accordingly. Th e extent 
of the evaluation also depends on the assessment of the severity of the problem. If the severity of the problem is 
relatively low, screening tests alone may be necessary; more severe disease requires more sophisticated testing to 
search for a specifi c diagnosis (Table 17-10).

 TABLE 17-10

Screening Laboratory Examinationsa

General

  Complete blood count, including hemoglobin, WBC count with diff erential and morphology, and 
platelet count

  Radiographs to document infection in chest, sinus, mastoids, long bones, if indicated by clinical history 
culture, if appropriate

 Erythrocyte sedimentation rate, CRP

Antibody-Mediated Immunity

 Quantitative immunoglobulin levels: IgA, IgG, IgM, IgE

Isohemagglutinin titers (anti-A, anti-B): measures IgM function

  Preexisting antibody levels: diphtheria, tetanus, polio, rubella, Haemophilus infl uenzae, Streptococcus 

Apneumoniae (check pre- and post-titers if applicable)

Cell-Mediated Immunity

 Lymphocyte count and morphology

  Delayed hypersensitivity skin tests (Candida, tetanus toxoid, tuberculin, mumps): measures T-cell and 
macrophage function

 T- and B-cell subset enumeration by FACS analysis

 T-lymphocyte function analyses: measures proliferation to mitogens and antigens

Phagocytosis

 Neutrophil cell count and morphology

 Dihydrorhodamine oxidative burst assay (by FACS)

 Staphylococcal killing, chemotaxis assay

 Myeloperoxidase stain

Complement

Total hemolytic complement (CH
50

): measures complement activity

C3, C4 levels: measure important pathway components

aInitial screening tests for less severe disease are in boldface type. 

CRP, C-reactive protein; FACS, fl uorescence-activated cell sorter; WBC, white blood cell.

From Berhman R, Kliegman RM: Nelson's Essentials of Pediatrics, 4th ed. St. Louis, WB Saunders, 2002.
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Pediatric Pearl: Children with recurrent mycobacterial infections should be evaluated for 
defi ciencies of IFN-  production, IL-12 production, and reduced IL-12 receptor function.
Pe
de

Management
Several measures are appropriate in the management of immunocompromised children (Table 17-11).  Immediate 
culture and aggressive antibiotic therapy is necessary for fever or other manifestations of infection because 
 infection may rapidly disseminate and become life-threatening. Continuous prophylaxis with  antibacterial, 
 antiviral, or antifungal agents may also be warranted in certain instances in which infection is diffi  cult to control. 
 Children with immunodefi ciency contract infections with uncommonly encountered organisms. Th erefore, poor 
response to commonly used antibiotics suggests the presence of a resistant or atypical pathogen, which must be 
 specifi cally identifi ed by culture or biopsy and antibiotic sensitivities determined.

When examination and laboratory tests show children with recurrent infections to be  immunologically 
 normal, the goals of management are to eradicate infection already present and to reduce the frequency of 
 reinfection. Th e use of prophylactic antibiotics is often helpful in children with recurrent otitis media or 
 sinusitis. In children who have recurrent otitis media or sinusitis resistant to a long course (6 to 8 weeks) of 
 antibiotics, other treatment methods are necessary (e.g., placement of pressure equalization tubes,  adenoidectomy, 
or  endoscopic sinus surgery to improve sinus drainage). Recurrent streptococcal pharyngitis is generally not 
 associated with immunodefi ciency. Recurrence may be secondary to poor compliance with antibiotic regimens, 
presence of streptococcal strains resistant to penicillin, or exposure to family members who are carriers.

Pediatric Pearl: Tonsillectomy may be indicated after the failure of effective prophylactic 
antibiotics and after seven or more episodes of streptococcal pharyngitis in 1 year.
Pe
an

IMMUNOLOGIC DISORDERS: PRIMARY IMMUNODEFICIENCY DISEASES
Primary immunodefi ciencies may be classifi ed into four categories; B-cell defects, T-cell defects, phagocytic 
defects, and complement defects. Specifi c disorders are considered in the following sections.

B-CELL DEFECTS
Defi ciencies of antibody production are the most common primary immunodefi ciency disorders (50%) 
(Tables 17-12 and 17-13). Th ese defects result in recurrent sinopulmonary infections (otitis media, sinusitis, 

 TABLE 17-11

General Management of Patients with Immunodefi ciency
Avoid transfusions with blood products unless they are irradiated and cytomegalovirus-negative.

Avoid live virus vaccines, especially in patients with severe T-cell defi ciencies or severe 
 agammaglobulinemia and in household members.

Follow pulmonary function in patients with recurrent pneumonia.

Use chest physiotherapy and postural drainage in patients with recurrent pneumonia.

Use prophylactic antibiotics because minor infections can quickly disseminate.

Examine diarrhea stools for Giardia and Clostridium diffi  cile.

Avoid unnecessary exposure to individuals with infection.

Use intravenous immunoglobulin for severe antibody defi ciency states at a dose of 400–500 mg/kg 
every 3–4 weeks.

770309_Ch_17.indd   465770309_Ch_17.indd   465 5/6/11   1:41:47 PM5/6/11   1:41:47 PM



466   SECTION II ■ PEDIATRIC SUBSPECIALTIES

 pneumonia, and bacteremia) with encapsulated bacteria such as Streptococcus pneumoniae, Haemophilus  infl uenzae,

and Staphylococci. Infections with fungal or viral pathogens (except enterovirus) do not generally pose  problems. 
Classically, antibody defi ciency states do not become manifest until after 6 months of age, when transplacentally 
acquired maternal antibody has been depleted. Defi ciency of IgG synthesis can be observed in the fi rst year 
of life (e.g., X-linked agammaglobulinemia) or may develop later in childhood or adulthood (e.g., CVID). 
 Isolated defi ciency of IgA is associated with recurrent infection, although many individuals with low IgA levels 
are asymptomatic. Similarly, isolated IgG2 subclass defi ciency is usually associated with a propensity to develop 
recurrent sinopulmonary infection.

A classic example of a B-cell defi ciency is X-linked agammaglobulinemia, which is a congenital immunode-
fi ciency in males. Th e characteristic profound defi ciency of B cells results in severe hypogammaglobulinemia and 
absence of lymphoid tissue. Th e defect is limited to the B-cell linkage and is caused by mutations of the Bruton 
tyrosine kinase (Btk) gene on chromosome Xq22. Other B-cell defi ciencies are listed in Tables 17-12 and 17-13.

Laboratory Evaluation
Patients with B-cell disease have decreased serum Ig levels, which must be interpreted in the context of the 
 patient’s age (see Table 17-12). An association of low albumin with low Ig levels suggests a low synthetic rate 
(due to poor nutrition) or an increased loss of proteins (e.g., from protein-losing enteropathy or through skin dis-
ease). High levels of Ig suggest intact B-cell immunity (e.g., in CGD, immotile cilia syndrome, or cystic fi brosis).

 TABLE 17-12

Predominant Antibody Defects (B-Cell Defects): Pathophysiologic Aspects

Disorder Genetics Onset Pathogenesis

Bruton agamma-
globulinemia

X-linked (Xq22) Btk 
defi ciency

Infancy (6–9 months; 
20% of cases present 
at �12 months, 
up to 3–5 yr)

Arrest in B-cell 
 diff erentiation 
(pre-B level) 

CVID AR, AD (ICOS, CD19, 
TACI, BAFF)

�2 years of age usually 
second to third decade)

Arrest in B cell to 
plasma cell 
diff erentiation

Transient hypo-
gammaglobulinemia

Unknown Infancy (3–7 months) Delayed  development of 
plasma cell  maturation

IgA defi ciency X-linked, AR, ? 
(6p21.3)

Variable Failure of IgA 
expressing B-cell 
 diff erentiation

IgG subclass defi ciency AR (2p11, 14q32.3) Variable Defect in isotype IgG 
production

IgM defi ciency AR (m heavy chain 
mutation)

First year Defective B-cell 
 diff erentiation

Immunodefi ciency with 
increased IgM (hyper-
IgM syndrome)

X-linked (CD40L 
defi ciency) 

2–3 years Defect in IgG and 
IgA synthesis due 
to CD40 ligand 
(CD154) defi ciency

AR (CD40, AID, UNG 
defi ciency)

2–3 years Defective B-cell 
diff erentiation and 
macrophage activation

AD, autosomal dominant; AR, autosomal recessive; Btk, Bruton tyrosine kinase; CVID, common variable 

 immunodefi ciency; Ig, immunoglobulin.
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 TABLE 17-13

Predominant Antibody Defects (B-Cell Defects): Clinical Aspects

Disorder Manifestations
Associated
Features Laboratory Evaluation Treatment

Bruton 
agamma-
globulinemia

Recurrent high-grade 
infections (sinusitis, 
pneumonia, meningitis) 
with Streptococcus pneu-

moniae, Haemophilus 

infl uenzae, Staphylococcus 

aureus, and Pseudomonas 

aeruginosa; poliomyelitis 
with polio vaccine

Lymphoid 
hypoplasia (no 
tonsils)

Decreased CD19 or 
CD20� B cells, Btk 
 mutation or absent mRNA 
or protein, agamma-
globulinemia, absent 
isohemagglutinins

IVIG, 
 antibiotics

CVID or 
 common 
 variable 
agamma-
globulinemia

Sinusitis, bronchitis, 
pneumonia, chronic 
diarrhea

Autoimmune 
disease (RA, 
SLE, Graves 
disease, ITP), 
malignancy

Decreased IgG and IgA, 
absent isohemagglutinins

IVIG, 
 antibiotics

Transient 
hypogamma-
globulinemia

Recurrent viral and 
pyogenic infections

Frequently in 
families with 
immunodefi -
ciencies

Decreased immunoglobu-
lins, often have normal 
titers to tetanus and diph-
theria toxoids and normal 
isohemagglutinins

Antibiotics 
(no IVIG)

IgA defi ciency Sinopulmonary and 
GI infections; may be 
normal

IgG subclass 
defi ciency, com-
mon variable 
immunodefi -
ciency, autoim-
mune disease

Serum IgA �7 mg/dL 
with normal IgG and IgM, 
normal response to im-
munizations

Antibiotics

IgG subclass 
defi ciency

Variable (normal to 
recurrent infections) 
sinopulmonary and GI

IgA defi ciency, 
ataxia telangi-
ectasia

IgG subclass defi ciency 
(IgG 1, 2, 3, or 4); whether 
patient responds to protein, 
polysaccharide and viral 
antigens is more relevant

Antibiotics 
(IVIG if has 
antibody 
defi ciency 
to many 
antigens)

� heavy chain 
defi ciency

Recurrent septicemia, 
pneumococcus, H. 

infl uenzae

All isotypes decreased Antibiotics, 
IVIG

Immunode-
fi ciency with 
increased IgM 
(hyper-IgM 
syndrome)

Recurrent pyogenic 
infections (otitis media, 
sinusitis, tonsillitis, 
pneumonia), Pneumo-

cystis carinii pneumonia, 
chronic diarrhea

Hematologic 
autoimmune 
disease

CD40L mutation, de-
creased IgG and IgA and 
normal to increased IgM, 
normal numbers of B cells 
but no antigen-specifi c 
antibodies

IVIG

Btk, Bruton tyrosine kinase; CVID, common variable immunodefi ciency; GI, gastrointestinal; Ig, immunoglobulin; 

ITP, idiopathic thrombocytopenia purpura; IVIG, intravenous immunoglobulin; RA, rheumatoid arthritis; 

SLE, systemic lupus erythematosus.
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Pediatric Pearl: Very high levels of immunoglobulin suggest HIV infection.Pe

Because the level of total Ig may sometimes be within the normal range even in the face of abnormal 
 B-cell function, it is also important to determine whether antibodies to specifi c antigens are present. Titers 
may be examined for specifi c antigens to which the patient has been exposed through routine immunizations 
 (e.g., tetanus). If titers are low, the patient can be reimmunized, and the titers can be reexamined 2 to 4 weeks 
later. Inadequate responses to polysaccharide antigens such as S. pneumoniae generally occur before 2 years of 
age. Older patients with reduced responses associated with IgA defi ciency and IgG subclass defi ciency may over 
time evolve into generalized hypogammaglobulinemia and CVID. Patients with X-linked agammaglobulinemia 
do not have circulating B cells, which can be confi rmed by B-cell enumeration on fl ow cytometry.

Management
Th e treatment for such B-cell disorders as X-linked agammaglobulinemia and CVID is intravenous  immunoglobulin 
(IVIG) and prophylactic courses of antibiotics with a low threshold for use (see Table 17-13). Patients with other 
antibody defi ciency disorders benefi t from prophylactic antibiotics, but IVIG should be used only if prophylactic 
antibiotics fail or if B-cell function (responsiveness on antigen challenge) is impaired. Replacement  immunoglobulin 
is most commonly given intravenously every 3 to 4 weeks, but can be also given subcutaneously once a week.

T-CELL DEFECTS
Patients with disorders of T-cell immunity (30% of primary immunodefi ciencies) develop infections with fungi 
or intracellular pathogens (e.g., viruses, mycobacteria, T. gondii, Leishmania) that proliferate in somatic cells and 
macrophages (Tables 17-14 and 17-15). Such patients may lack cytotoxic CD8� cells and CD4� helper T cells 
that activate macrophages. In severe T-cell defi ciency, B-cell function may also be impaired because B-cell 
 function requires the assistance of  T cells.

A classic example of T-cell defi ciency is DiGeorge syndrome. Th e severity of this immunodefi ciency 
 syndrome varies markedly from severe T-cell defi ciency to normal immune function. In the complete absence 
of T-cell function, B-cell function fails, resulting in SCID. Other diseases with abnormal T-cell function are 
listed in Tables 17-14 and 17-15.

Laboratory Evaluation
Immunologic fi ndings in T-cell disorders include lymphopenia and the absence of delayed-type hypersen-
sitivity reactions (e.g., to tetanus, diphtheria, or Candida albicans) (see Table 17-14). Negative delayed-type 
 hypersensitivity reactions may be apparent in 10% to 20% of normal individuals. Th erefore, patients with a negative 
test should receive a booster of tetanus or diphtheria toxoids and have repeat skin tests 2 to 4 weeks later. Analy-
sis of T- (and B-) cell subsets may enumerate total numbers of CD4� and CD8� cells, NK cells, and monocytes. 
In addition, functional T-cell studies such as in vitro proliferation of T cells to mitogens  (phytohemagglutinin, 
concanavalin A, or pokeweed mitogen) or to antigens (tetanus toxoid or Candida) are also appropriate.
In certain states, neonatal screening for SCID has been established by evaluating for T-cell receptor  recombination 
excision circles (TRECs) in spotted blood. TRECs are formed in developing T cells, and are absent when 
 thymocyte development is abnormal.

Management
Th e treatment for severe T-cell disorders is bone marrow or stem cell transplantation (see Table 17-15). 
 Intravenous immune (�-globulin) replacement is also useful. In other forms of SCID, transfer of the  normal gene 
into the patient’s stem cells (gene therapy) is currently being studied and may soon be a common  therapeutic 
modality for these diseases.

PHAGOCYTIC DEFECTS
Disorders of the phagocytic defenses can be divided into those of defi cient cell numbers and those of  insuffi  cient 
function (Tables 17-16 and 17-17). Th ese disorders are characterized by mucous membrane infections 
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 TABLE 17-14

Predominant Defects of Cell-Mediated Immunity (T-Cell Defects): 
 Pathophysiologic Aspects
Disorder Genetics Onset Pathogenesis

DiGeorge anomaly (ve-
locardiofacial  syndrome 
or CATCH 22 syn-
drome)

AD (22q11.2, 
10p13)

Early infancy Hypoplasia of third and fourth 
 pharyngeal pouch (thymic hypoplasia)

Wiskott-Aldrich 
 syndrome

X-linked 
(Xp11.22)

Early infancy 53-kD protein (WASP) defect (impaired 
response to polysaccharide antigens)

AT AR (11q22.3) 2–5 years AT gene mutation (PI3 kinase) 
 (involved in chromosomal repair)

Nijmegen breakage 
syndrome

AR (8q21) Infancy Defect in Nibrin protein (involved
in chromosomal repair)

Cartilage-hair 
 hypoplasia (short-
limbed dwarf )

AR (9p13–21) Birth Unknown

SCID

  Common �-chain de-
fi ciency; Jak-3 kinase 
defi ciency

X-linked 
(Xq13.1-q21.1) 
AR

1–3 months Common � chain (�c) mutation or Jak3 
dysfunction → IL-2R dysfunction→ 
severe T-cell depletion;  B cells present, 
decreased NK cells

  IL-7R〈 chain AR 1–3 months Decreased T-cell diff erentiation, 
 normal B cell and NK cell numbers

  ADA defi ciency AR (20q13.11) 1–12 months ADA defi ciency results in dATP-
induced lymphocyte toxicity,
decreased T, B, and NK cells

  PNP defi ciency AR (14q13.1) 1–3 months PNP defi ciency results in dGTP-
induced T-cell toxicity

  Reticular dysgenesis AR 1–3 months Defective maturation of common stem 
cell aff ecting myeloid and lymphoid cells

 ZAP70 defi ciency AR 1–6 months Decreased CD8 cells, normal CD4 
numbers

 Omenn syndrome AR (11p13) 1–3 months Mutations of recombinase activating 
genes (RAG-1 and RAG-2), decreased T 
and B cells, normal NK cell number

 NEMO syndrome AR (hypomor-
phic mutations 
of IKBKG)

First year 
of life

Anhidrotic ectodermal dysplasia, myco-
bacterial infection, decreased antibody 
production due to NF-	B dysfunction

Bare lymphocyte 
 syndrome

 MHC class I AR (6p21.3) First decade TAP1 and TAP2 mutations  
(transporters associated with  
antigen processing)
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AD, autosomal dominant; ADA, adenosine deaminase; AR, autosomal recessive; CATCH 22, cardiac anomalies, abnor-

mal  facies, thymic hypoplasia, cleft palate, hypocalcemia with 22q11.2 deletion; Ig, immunoglobulin; IL, interleukin; 

MHC, major histocompatability complex; NK, natural killer; PNP, purine nucleosidase; SAP, SLAM-associated protein; 

SCID, severe combined  immunodefi ciency; SLAM, signaling lymphocytic activation molecule; WASP, Wiskott-Aldrich 

syndrome protein.

AD autosomal dominant; ADA adenosine deaminase; AR autosomal recessive; CATCH 22 cardiac anomalies abnor

 TABLE 17-14

Predominant Defects of Cell-Mediated Immunity (T-Cell Defects): 
 Pathophysiologic Aspects (Continued)

Disorder Genetics Onset Pathogenesis

 MHC class II AR (1q, 13q, 
16p13)

Early infancy Mutations in RFX-5, RFXAP, CIITA, 
and RFX-B (DNA-binding factors)

  Chronic mucocu-
taneous candidiasis 
(APECED, autoim-
mune polyendocrinop-
athy with  candidiasis 
and  ectodermal 
dystrophy)

AR (AIRE defi -
ciency)

3–5 years Reduced self-tolerance resulting 
in parathyroid, adrenal and other 
 endocrine autoimmune disease, with 
candidiasis

  Chronic mucocutane-
ous candidiasis

AR, Dectin-1/
CARD9 
 defi ciency

Childhood Reduced innate immunity to fungi; 
no associated autoimmune disease

  Lymphoprolifera-
tive syndrome XLP1 
 (Duncan syndrome)

X-linked 
(Xq24–26); 

Variable SAP defect (SH2D1A). Severe EBV 
infection,  hypogam, decreased NKT cells

  Lymphoproliferative 
syndrome XLP2

XIAP defi ciency Variable Severe EBV infection, hypogam, 
 decreased NKT cells

(e.g., gingivitis, abscesses in the skin and viscera), lymphadenitis, poor wound healing, delayed umbilical cord 
separation, and absence of pus (in disorders of cell numbers or of leukocyte movement). Microorganisms 
 involved in these infections include S. aureus, fungi, and gram-negative bacteria.

Laboratory Evaluation
Evaluation for neutrophil disorders begins with a CBC and the examination of neutrophil number and mor-
phology (see Table 17-16). Further studies are more complex and not always available, including the dihydrorho-
damine respiratory oxidative burst assay for CGD and in vitro tests for neutrophil phagocytosis, chemotaxis, and 
bacterial killing. In addition, tests for expression of CD18 and CD11 antigens (leukocyte adhesion defi ciencies) 
and for myeloperoxidase activity by fl ow cytometry can be performed.

Management
Frequent courses of antibiotics are required for the treatment of neutrophil disorders (see Table 17-17). Th e 
frequency of infection in CGD is also decreased by treatment with subcutaneous recombinant interferon. 
 Recombinant granulocyte-macrophage colony-stimulating factor also appears to be eff ective in the treatment 
of some forms of neutropenia.

COMPLEMENT DEFECTS
Defi ciency of some components results in recurrent pyogenic infection, whereas defi ciency of other components 
results in lupus-like disease or vasculitis (Table 17-18).
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 TABLE 17-15

Predominant Defects of Cell-Mediated Immunity (T-Cell Defects): 
Clinical Aspects

Disorder Manifestations
Associated 
 Features

Laboratory 
Evaluation Treatment

DiGeorge 
anomaly (velocar-
diofacial syndrome 
or CATCH 22 
syndrome)

Variable Hypoparathyroid-
ism → hypocal-
cemia, cardiac 
anomalies (truncus 
arteriosus, inter-
rupted aortic arch 
type B, transposi-
tion, atrial septal 
defect), dysmorphic 
features (microg-
nathia, hypertelor-
ism, low-set ears, 
bifi d uvula, short 
philtrum), esopha-
geal atresia

Decreased CD3 T 
cells (�500/mm3 in 
severe cases), chro-
mosome 22q11.2 
deletion in some 
patients

No treatment 
needed for 
partial form, 
BMT or thy-
mic epithe-
lial explant for 
severe form

Wiskott-Aldrich 
syndrome

Recurrent otitis 
media, pneumonia, 
meningitis with en-
capsulated organ-
isms; infection with 
Pneumocystis carinii 

and herpesviruses

Atopic dermatitis 
(also asthma and 
allergies), platelet 
dysfunction, throm-
bocytopenia, auto-
immune cytopenias 
and vasculitis, 
malignancy

�70,000/mm3 
platelets, mutation 
in WASP or absent 
mRNA or protein

BMT, 
 splenectomy

AT Sinopulmonary 
infections

Neurologic and 
endocrine dysfunc-
tion, malignancy, 
telangiectasia, sen-
sitive to radiation, 
decreased IgA

Increased radia-
tion-induced chro-
mosomal breakage 
in cultured cells, 
mutation in ATM

Antibiotics, 
IVIG

Nijmegen break-
age syndrome

Sinopulmonary, 
urinary tract, 
and gastrointes-
tinal infections; 
 bronchiectasis

Sensitivity to ioniz-
ing radiation, micro-
cephaly with mild 
neurologic impair-
ment, malignancy

Increased radiation-
induced chromo-
somal breakage in 
cultured cells, muta-
tion in Nibrin gene

Antibiotics

Cartilage-hair 
hypoplasia (short-
limbed dwarf )

Variable Metaphyseal or 
spondyloepiphyseal 
dysplasia → short 
extremities, short 
stature, fi ne sparse 
hair, short fi nger-
nails, redundant 
skin folds

Decreased num-
bers of T cells and 
decreased prolif-
eration to anti-
gens, with RMRP 
defi ciency

BMT for 
severe forms

Continued
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Disorder Manifestations
Associated 
 Features

Laboratory 
Evaluation Treatment

SCID

  Common � 
chain

Candidiasis, all 
types of infections 
(bacterial, viral, 
fungal, protozoal)

Severe graft-
versus-host disease 
from maternal fetal 
transfusions, failure 
to thrive

�20% CD3� 
T cells, absolute 
lymphocyte count 
<3,000/mm3, and 
detected gene muta-
tion or decreased 
enzyme activity (de-
pending on defect)

BMT or stem 
cell transplant

  ZAP-70, Jak-3 
kinase, or IL-
7R chain

Candidiasis, all 
types of infections 
(bacterial, viral, 
fungal, protozoal)

Severe graft-
versus-host disease 
from maternal fetal 
transfusions, failure 
to thrive

�20% CD3� 
T cells, absolute 
lymphocyte count 
�3,000/mm3, and 
detected gene mu-
tation or decreased 
enzyme  activity 
(depending on 
defect); absence of 
CD8 cells in ZAP-
70 patients

BMT or stem 
cell transplant

  ADA defi ciency Candidiasis, all 
types of infections 
(bacterial, viral, 
fungal, protozoal)

Multiple skel-
etal abnormalities, 
chondro-osseous 
dysplasia

�20% CD3�

T cells, absolute 
lymphocyte count 
�3,000/mm3, and 
detected

BMT or stem 
cell transplant, 
polyethylene 
glycol-mod-
ifi ed bovine 
ADA (PEG-
ADA) if 
transplant not 
an option

 PNP defi ciency Candidiasis, all 
types of infections 
(bacterial, viral, 
fungal, protozoal)

Neurologic disor-
ders, severe graft-
versus-host disease 
from transfusions

�20% CD3� 
T cells, absolute 
lymphocyte count 
�3,000/mm3, and 
detected

BMT or stem 
cell transplant

  SCID (reticular 
dysgenesis)

Candidiasis, all 
types of infections 
(bacterial, viral, 
fungal, protozoal)

Agammaglobuline-
mia, alymphocyto-
sis, agranulocytosis

�20% CD3� 
T cells, absolute 
lymphocyte count 
�3,000/mm3, and 
detected

BMT or stem 
cell transplant

  Omenn 
 syndrome

Candidiasis, all 
types of infections 
(bacterial, viral, 
fungal, protozoal)

Exfoliative eryth-
roderma, eosino-
philia, elevated IgE, 
lymphadenopathy, 
hepatosplenomegaly

�20% CD3� 
T cells, absolute 
lymphocyte count 
�3,000/mm3, and 
detected

BMT or stem 
cell transplant

 TABLE 17-15

Predominant Defects of Cell-Mediated Immunity (T-Cell Defects): 
Clinical  Aspects (Continued)
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ADA, adenosine deaminase; AR, autosomal recessive; AT, ataxia telangiectasia; BMT, bone marrow transplant; 

CATCH 22, cardiac anomalies, abnormal facies, thymic hypoplasia, cleft palate, hypocalcemia with 22q11.2 deletion; 

CNS, central nervous system; EBV, Epstein-Barr virus; Ig, immunoglobulin; IL, interleukin; IVIG, intravenous immu-

noglobulin; MHC, major histocompatability complex; PNP, purine nucleosidase; SCID, severe combined immunodefi -

ciency; WASP, Wiskott-Aldrich syndrome protein.

Disorder Manifestations
Associated 
 Features

Laboratory 
Evaluation Treatment

Bare lymphocyte 
syndrome

 MHC class I Sinopulmonary 
infections

Chronic lung 
infl ammation

CD8� T-cell de-
fi ciency, no MHC 
class I antigens, 
TAP mutation

Variable

 MHC class II Respiratory tract 
infections, chronic 
diarrhea, CNS viral 
infections (polio, 
enterovirus, herpes)

Autoimmune 
disease, failure to 
thrive, sclerosing 
cholangitis

CD4� T-cell de-
fi ciency, no MHC 
class II antigens on 
B cells and mono-
cytes, decreased 
immunoglobulins, 
normal lymphocyte 
proliferation to 
mitogens but not to 
antigens

Variable

  NEMO 
 defi ciency

Reduced antibody 
responses, myco-
bacterial infection

Ectodermal 
 dysplasia

Variable changes in 
immune  parameters

BMT or stem 
cell trans-
plant, IVIG, 
 antibiotics.

  Chronic 
mucocutane-
ous candidiasis 
(APECED)

Candidal infections 
of mucous
membranes, skin, 
and nails

Autoimmune 
 endocrinopathies

No delayed type 
hypersensitivity or 
lymphocyte prolif-
eration to  Candida 

auto antibody 
against IL=17

Systemic 
 antifungal 
therapy 

  Lymphoprolif-
erative syn-
drome (XLP1, 
XLP2)

Variable decrease in 
T-, B-, and natural 
killer cell function 
and hypogamma-
globulinemia 
following EBV 
infection

Life-threatening 
EBV infection, 
lymphoma or 
Hodgkin disease, 
aplastic anemia, 
lymphohistiocytic 
disorders

SAP or IL-2R 
mutation, decreased 
antibody titers 
to EBV nuclear 
 antigen (EBNA)

BMT

 TABLE 17-15

Predominant Defects of Cell-Mediated Immunity (T-Cell Defects): 
Clinical  Aspects (Continued)
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AD, autosomal dominant; AR, autosomal recessive; CGD, chronic granulomatous disease; G6PD, glucose-6-phosphate 

dehydrogenase; gp, glycoprotein; HSE, herpes simplex encephalitis; IFN, interferon; Ig, immunoglobulin.

AD autosomal dominant; AR autosomal recessive; CGD chronic granulomatous disease; G6PD glucose 6 phosphate

 TABLE 17-16

Phagocytic Defects: Pathophysiologic Aspects

Disorder Genetics Onset Pathogenesis

CGD X-linked (66%) 
(Xp21.1), AR (33%) 
(1q25, 16q24)

First year of life 
for  X-linked, later 
for AR

gp91phox defi ciency (X-linked) 
gp22phox, gp47phox, and
gp67phox defi ciencies (AR)

Chédiak-Higashi 
 syndrome

AR (1q42–43) Infancy Defect in vesicle  membrane 
component → defective bacte-
ricidal function and chemotax-
is, also poor natural killer and 
cytotoxic T-cell function

Hyper-IgE ( Job 
 syndrome)

AD (STAT3 defi ciency) Infancy Decreased cell-mediated 
 immunity and humoral 
 immune responses to specifi c 
antigens with near-normal 
IgG, IgA, and IgM levels, 
and markedly elevated IgE, 
impaired chemotaxis, and 
opsonization, decreased Th 17 
cell development

Hyper-IgE ( Job 
 syndrome)

AR (STAT1, DOCK8, 
TYK2 defi ciency, de-
creased IFN-�signaling

Infancy Rare forms of hyper-IgE 
syndrome

Myeloperoxidase 
 defi ciency

AR Variable Impaired bactericidal and 
fungicidal activity

Glucose-6 G6PD 
defi ciency

X-linked (highly 
 polymorphic)

Variable ( depends 
on level of 
 enzyme activity)

Impaired bactericidal activity

Leukocyte adhesion 
defi ciency

AR (21q22.3) Infancy Mutations in CD18 (�
2
 

integrin), a �-chain shared 
by three �-chains (LFA-1, 
Mac-1, and CR3) on chro-
mosome 16; all four molecules 
are not expressed; defects in 
adherence, chemotaxis, and 
phagocytosis; reduced lym-
phocyte cytotoxicity

IFN-� axis defi ciency AR or AD; mutations 
in IFNGR1, IFNGR2, 
or IL-12B, IL-12RB1, 

STAT1.

Childhood Reduced IFN-� secretion, 
resulting in susceptibility to 
Mycobacteria and Salmonella

HSE AR, mutation in 
UNC93B1

Neonatal period Reduced TLR3, 7 and 9 func-
tion, reduction in IFN produc-
tion, and susceptibility to HSE
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 TABLE 17-17

Phagocytic Defects: Clinical Aspects

Disorder Manifestations Associated 
 Features

Laboratory 
 Evaluation

Treatment

CGD Osteomyelitis,  adenitis, 
and abscesses caused 
by Staphylococcus aureus, 

 Burkholderia cepacia, and 

 Aspergillus fumigatus

Granulomas 
(respiratory, 
gastrointestinal, 
and genitourinary 
tracts), failure to 
thrive, hepatosple-
nomegaly, lymph-
adenopathy)

Dihydrorhodamine 
 oxidative burst assay, 
gene mutation or 
 absent mRNA

Antimicrob-
ial therapy 
(with 
granulocyte 
transfusion 
for fungal 
infections), 
IFN-�, BMT

Chédiak-
Higashi 
syndrome

Recurrent respiratory 
tract and other types of 
infections

Oculocutaneous al-
binism, neuropathy, 
giant neutrophilic 
 cytoplasmic inclu-
sions, malignancy

Gene mutation, giant 
lysosomal granules 
in neutrophils, 
 neutropenia,  abnormal 
chemotaxis assay with 
control serum

BMT

Hyper-IgE 
( Job syn-
drome)

Staphylococcal abscesses 
of the skin, lungs, joints, 
and viscera;  infections 
with Haemophilus 

infl uenzae, Candida, and 

Aspergillus

Eczema, eosino-
philia, coarse facial 
features, osteope-
nia, giant pneuma-
toceles, red hair, 
malignancy

Increased IgE 
and IgD; normal 
IgG, IgA, and 
IgM;  eosinophilia; 
 decreased T-cell pro-
liferation to antigens; 
low antibody titers

Antistaphy-
lococcal 
drugs

Myeloper-
oxidase 
defi ciency

Mild immune dysfunc-
tion with increased sus-
ceptibility to infection 
with Candida (especially 
with coexisting disease 
such as diabetes)

Persistent 
 candidiasis in 
diabetics

Decreased myeloper-
oxidase in leukocytes, 
decreased  granulocyte 
count (when 
 automated counter 
identifi es granulocytes 
by myeloperoxidase 
content)

Antifungal 
therapy

G6PD 
 defi ciency

Phenotypically similar 
to CGD

Hemolytic anemia Abbreviated H
2
O

2
 

 production on 
 superoxide assay, 
decreased G6PD

Antimicro-
bial therapy

Leukocyte 
adhesion 
defi ciency

Staphylococcal, gram-
negative enteric bacterial 
and fungal infections 
(periodontitis, omphali-
tis, gingivitis, recurrent 
skin infections, repeated 
otitis media, pneumonia, 
septicemia, ileocolitis, 
peritonitis, perianal 
abscesses)

Delayed  separation 
of the umbilical 
cord, impaired 
wound  healing, 
leukocytosis 
(WBC count 
�25,000/mm3) 
neutrophilia, 
 absence of pus

Flow cytometry for 
CD18 or CD11a, 
CD11b, or CD11c 
(absent); abnormal 
chemotaxis assay with 
control serum

BMT for 
severe form

BMT, bone marrow transplant; CGD, chronic granulomatous disease; G6PD, glucose-6-phosphate dehydrogenase gp, 

glycoprotein; IFN, interferon; Ig, immunoglobulin; WBC, white blood cell.
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JRA, juvenile rheumatoid arthritis; SLE, systemic lupus erythematosus.JRA juvenile rheumatoid arthritis; SLE systemic lupus erythematosus

 TABLE 17-18

Defi ciency of Complement and Associated Disease

Defi cient Protein Associated Disease

C1q, C1r SLE, glomerulonephritis

C2 SLE, arthritis, JRA, recurrent infections in some patients

C3 Recurrent infections, glomerulonephritis

C4 SLE-like disease

C5 Recurrent Neisseria infections

C6 Recurrent Neisseria infections

C7 Recurrent Neisseria infections, Raynaud phenomenon

C8 Recurrent Neisseria infections

C9 Autoimmune disease in some patients

Properdin C1 inhibitor Recurrent infections, meningococcemia

Factor D Hereditary angioedema

Factor H Glomerulonephritis

Factor I Recurrent infections

C4-binding protein Collagen-vascular disease

C5a inhibitor Familial Mediterranean fever

C3b receptor SLE

C1 inhibitor Hereditary angioedema

Adkinson NF, Busse WW, Bochner BS, et al: Middleton’s Aller-

gy: Principles & Practice, 7th ed. St. Louis: Mosby-Year Book, 

2008.

Krakowski AC, Eichenfi eld LF, Dohil MA: Management of atopic 

dermatitis in the pediatric population. Pediatrics 122:812–824, 

2008.

Notarangelo LD: Primary immunodefi ciencies: PRIMER. J Allergy 

Clin Immunol 2010, In press.

Sicherer SH, Sampson HA: Food allergy. J Allergy Clin Immunol

125(2 Suppl 2):S116-S125, 2010. 

Simons FER. Anaphylaxis: Recent advances in assessment and treat-

ment. J Allergy Clin Immunol 124:625–636, 2009.

Laboratory Evaluation
Th e total hemolytic activity of serum (CH

50
) is a widely available test that is dependent on the presence of normal 

levels of the major components of complement. If the CH
50

 is abnormal, individual complement  components 
must be analyzed in specialized laboratories.

Management
Specifi c therapy with component replacement is not available, and frequent and long courses of antibiotics are 
the current treatment of choice for complement defi ciencies. Immunization of patients and their close contacts 
with pneumococcal and meningococcal vaccines may be useful.

SUGGESTED READINGS
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Pulmonology
Carol Conrad

Respiratory failure, the most frequent cause of life-threatening cardiorespiratory illness in children, indicates 
that there is a failure of gas exchange. Among the many causes of respiratory failure are infection, structural 
airway abnormality, aspiration into the airway and lungs, pulmonary embolus, exposure to noxious substances 
(e.g., smoke inhalation), and cardiac failure with pulmonary edema.

Maintenance of normal carbon dioxide homeostasis requires normal lung mechanics, circulation, and 
 ventilatory drive. Th e principal causes of respiratory failure in children are pulmonary disease (pneumonia, 
acute respiratory distress syndrome, pulmonary edema), airway disease (mucous plugs, foreign bodies, anatomic 
abnormalities, compressions), restrictive disease (chest deformity, fl ail chest, abdominal ascites), and neuromus-
cular disease (myasthenia, botulism, tetanus, intoxication, head injury).

GENERAL PRINCIPLES OF PULMONARY DISEASE IN CHILDREN
Alveoli are few in number at birth at full-term, and maturation of the gas exchange area as well as the supporting 
cartilaginous structures aff ects the results of illness much diff erently in premature infants than in term infants. 
In turn, respiratory disease in toddlers is diff erent than in older children or adults.

BASIC CONCEPTS IN PULMONARY PHYSIOLOGY
Th e basic function of the respiratory system is to supply oxygen to the body and to remove excess carbon dioxide 
from the body. Th e basic steps involved in this process are as follows:

1. Ventilation, which is the exchange of gas between the atmosphere and the alveoli
2. Diff usion of gases across the alveolar–capillary membranes
3. Transport of gases in the blood
4. Diff usion of oxygen from the capillaries of the systemic circulation to the cells of the body
5. Internal respiration, which is the use of oxygen and production of carbon dioxide within the cells

Th ese processes cannot occur effi  ciently if there is a mismatch of airfl ow (ventilation) and blood fl ow 
 (perfusion) to the alveoli. Th is is termed as ventilation–perfusion defect, or a V/Q mismatch.

Various disorders of the pulmonary system aff ect the fi rst three steps. Decreased ventilation may be due to 
an absence or occlusion of a conductive airway. If the airways are obstructed physically (e.g., due to a congenital 
defect such as stenosis or severe malacia [softness of the cartilage] of the airways), this can aff ect ventilation of 
the alveolar units. Similarly, obstruction of the bronchi and bronchioles occurs in diseases such as asthma and 
cystic fi brosis (CF) that are characterized by increased mucous production.

Abnormalities in perfusion can occur in instances of hypoxic or hypercarbic vasoconstriction of the  arterioles and 
capillaries of the alveoli. Th e presence of an abnormal vascular pathway through the lungs  (arteriovenous malforma-
tion) as well as pulmonary hypertension can also alter V/Q. Conditions that can infl ame the alveolar  epithelium (al-
veolitis) or cause fi brosis and thickening eventually create a decreased diff usion of gases across the alveolar wall. Acute 
infl ammation aff ects gas diff usion more than blood perfusion, but progressive fi brosis aff ects perfusion eventually.

Gas transport in the blood takes place in two primary ways: by dissolving in plasma or by combining with 
hemoglobin. Approximately 98% of oxygen transport in the blood occurs by an oxygen–hemoglobin interaction. 
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Th e binding of hemoglobin to oxygen is not a linear process; the avidity of hemoglobin for oxygen changes as 
the heme molecule becomes more “loaded” with oxygen. Th is relationship is the basis of the sigmoidal shape of 
the oxyhemoglobin dissociation curve.

Conformational changes in the hemoglobin molecule are essential within muscles and organs to allow 
for the release of oxygen and the uptake of carbon dioxide. Normal physiologic changes in the blood pH such 
as acidosis allow for the release of oxygen from the hemoglobin molecule to the tissues, which is essential for 
proper homeostasis during times of stress, including exercise and disease states such as sepsis. Another example 
involves fetal hemoglobin, which binds oxygen more avidly than adult type hemoglobin; this gives a growing 
fetus the ability to extract oxygen from the mother’s blood cells.

Certain disease states confer an abnormally high or low affi  nity of the hemoglobin molecule for oxygen. 
With sickle cell disease, the hemoglobin molecule has low oxygen-binding affi  nity, and this worsens as the 
 hemoglobin becomes less saturated with oxygen. As sickle cell hemoglobin starts to release oxygen molecules 
from its binding sites, it collapses, and the cells become “sickled” in appearance. Th e red blood cells (RBCs) 
become lodged in capillaries and produce the vaso-occlusive events typical of sickle cell disease.

When interpreting the meaning of arterial oxygen saturation measurements, it is vital to understand the 
correlation between the oxygen saturation (SaO

2
) and the arterial oxygen content (PaO

2
). Th e PaO

2
 reading 

measured with an arterial blood gas determines the amount of oxygen dissolved in plasma, which is in equilib-
rium with the oxygen bound to hemoglobin. Th e SaO

2
 is a measure of how many available oxygen-binding sites 

of the hemoglobin molecule are saturated by oxygen.

Pediatric Pearl: To remember an approximate correlation between the PaO2 and the pulse 
oximetry reading, a useful memory aid is: PaO2 readings of 40, 50, and 60 mm Hg correlate 
with pulse oximetry readings of 70%, 80%, and 90%, respectively. Two rules of thumb 
properly evaluate SaO2 readings and blood gas measurements:

1. A PaO2 value below 80 mm Hg, which indicates hypoxia, is abnormal.
2. An SaO2 value of 94% or less indicates hypoxia and is abnormal.

Pe
ox
wi

It is important to understand that poorly perfused limbs may produce low or inaccurate transcutaneous 
measurements of oxygen saturation. Shock, vasopressor administration, severe edema, or peripheral edema may 
cause erroneous readings. Finally, pulse oximeters are not calibrated to read accurately below a saturation of 70%; 
therefore, reported values less than 70% are diffi  cult to interpret.

Oxygen and Carbon Dioxide Imbalance
Hypoxemia refers to a decreased delivery of oxygen from the atmosphere to the blood, whereas hypoxia refers to 
decreased delivery of oxygen to the tissues. Arterial hypoxia may result from hypoventilation, absolute shunting, 
diff usion defects, or relative shunting (Table 18-1). Several conditions may lead to hypoxemia (Table 18-2).

 TABLE 18-1

Types of Hypoxia

Cause Underlying Problem

Hypoxemic hypoxia Lower-than-normal PaO
2
 (hypoxemia)

Anemic hypoxia Decreased hemoglobin or RBC count
Carboxyhemoglobin
Hemoglobinopathy

Circulatory hypoxia
Affi  nity hypoxia

Decreased cardiac output
Decreased local perfusion
Decreased release of oxygen from hemoglobin to the tissues

Histotoxic hypoxia Cyanide poisoning

RBC, red blood cell.
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Hypoventilation is a physiologic state in which the patient is neither breathing a suffi  cient tidal volume 
or an adequate number of breaths per minute (minute volume). Th is results in elevated levels of carbon diox-
ide in the blood and also in the alveolar gas. When the alveolar carbon dioxide content increases signifi cantly 
 (hypercapnia), the volume available for oxygen to diff use through to the alveolar capillary bed is reduced and 
creates arterial hypoxemia (Table 18-3).

An absolute shunt is defi ned as blood passing from the right to the left side of the heart without being 
 oxygenated. A shunt diverts blood away from oxygenated alveoli, and the blood cannot receive oxygen. An 
absolute shunt can occur due to an anatomic shunt with persistent fetal circulation through a patent ductus 
arteriosus (see Chapter 10), idiopathic or secondary pulmonary hypertension, arteriovenous malformation, and 
congenital heart defects (see Chapter 13).

A relative shunt may develop at the level of the alveolus if the alveolus is blocked (pneumonia), collapsed 
 (atelectasis), or fi lled with fl uid (pulmonary edema). Decreased diff usion of oxygen and carbon dioxide across the alve-
olar epithelium to the pulmonary capillary bed is characteristic of disease states in which the alveolar and bronchiolar 
epithelium are thickened due to infl ammation or fi brosis. Th is phenomenon is termed a diff usion defect and occurs in 
disease states such as CF, systemic lupus erythematosus, juvenile rheumatoid arthritis, and Wegener granulomatosis.

Many conditions may result in hypercapnia (see Table 18-3). Th ese conditions can be divided into two 
broad physiologic categories resulting in carbon dioxide imbalance: increased carbon dioxide production and 
decreased carbon dioxide clearance.

Respiratory Me ments
Blood Gas Analysis

A blood gas determination consists of four important measurements, pH, PO
2
, PCO

2
, and base excess, which 

provide information about the respiratory, circulatory, and metabolic condition of the patient.

 TABLE 18-2

Clinical Causes of Arterial Hypoxemia

Problem Example

Low PIO
2
 (partial pressure of inspired 

oxygen)
Low FiO

2
, altitude

Alveolar hypoventilation (low alveolar 
PO

2
 with increased alveolar PCO

2
)

CNS depression
Pulmonary disease (pneumonia, pulmonary edema)
Obstructive lung disease (cystic fi brosis, asthma)
Restrictive chest wall disease ( Jeune syndrome)
Neuromuscular disease (muscular dystrophy)

Diff usion block Pulmonary fi brosis (systemic lupus erythematosus, juvenile 
rheumatoid arthritis, vasculitides)
Alveolitis
Pulmonary hypoplasia (congenital lung hypoplasia syndromes)
Pulmonary resection (lobectomy, pneumonectomy)

V/Q mismatch, poor distribution of 
ventilation

Pulmonary embolism
Mucous plugging
Bronchospasm

Shunt Congenital heart disease (persistent patent ductus arteriosus, 
ventricular septal defect with right-to-left shunt, pulmonary 
arteriovenous malformation)
Pneumonia
Atelectasis
Pulmonary hypertension

CNS, central nervous system.
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A sample of blood from arteries, veins, or capillaries may be used for blood gas determination. Arterial 
puncture is the one measure that most accurately refl ects the level of oxygen being delivered to the tissues. 
A venous blood gas can be used instead of an arterial blood gas but tends to refl ect local tissue oxygenation and 
carbon dioxide clearance. However, a venous blood gas is a reasonable estimate of arterial acid–base status in a 
patient who is well hydrated and well perfused.

Pediatric Pearl: When perfusion of the circulatory system is adequate, the venous pH is 
0.04 units lower than the arterial pH because the venous PCO2 is 5 to 7 mm Hg higher 
than the arterial PCO2.

Pe
0.
th

Carbon dioxide is transported more readily than oxygen in the blood because it is highly lipid soluble. Due 
to the higher solubility and diff usivity of carbon dioxide, V/Q mismatches lead more frequently to measured 
abnormalities of the PaO

2
.

Respiratory acidosis develops from an imbalance between metabolic carbon dioxide production and 
 pulmonary carbon dioxide excretion. Th is most often arises from decreased effi  ciency of carbon dioxide 
 elimination in the lung—alveolar hypoventilation. Alveolar hypoventilation results in carbon dioxide  retention 
and hypercapnia. A new balance between carbon dioxide production and removal may be corrected by  short-term 
chemical buff ering and more long-term renal adaptations. Hypoxemia usually accompanies respiratory acidosis.

Blood pH changes in response to acute respiratory events in expected ways (Tables 18-4 and 18-5). 
Th e tables are a guide to determine the direction in which the pH, PCO

2
, and the HCO

3
� should vary in 

 diff erent clinical circumstances.

Pediatric Pearl: A tip for rapid analysis of blood gas values: for every 10-mm Hg change in 
carbon dioxide, the pH changes by 0.08 units in the opposite direction.
Pe
ca

 TABLE 18-3

Causes of Hypercapnia

Problem Example

Increased production Increased body temperature
Excessive muscular activity
Physiologic stress
Sepsis
Parenteral nutrition with glucose

Decreased clearance Tissue gas exchange
Increased tissue CO

2
 production

Poor tissue perfusion (ischemia)
Disrupted diff usion (edema)
Loading
Capillary shunt from peripheral vasodilation (septic shock)
Transport
Low hemoglobin level
Low cardiac output
Unloading
Venous-to-arterial shunts (right-to-left cardiac shunts)
Pulmonary gas exchange
Decreased ventilation (asthma, cystic fi brosis, emphysema, 
 respiratory depression, neuromuscular disorder)
Increased dead space (asthma)
Disruption of alveolar–capillary diff usion (alveolitis, pulmonary 
edema, pneumonia)
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Estimating Oxygenation

Th e PaO
2
, the partial pressure of oxygen dissolved in serum, is used as a measure of the adequacy of oxygenation 

(assuming that there is an adequate amount of hemoglobin present to bind the oxygen, and that the hemoglobin 
binds oxygen normally). Th e alveolar gas equation, which is the amount of oxygen that should be present in the alveoli 
(PaO

2
) based on a known temperature and FiO

2
 (fraction of inspired oxygen), refl ects the effi  ciency of gas exchange.

PaO
2
 � PiO

2
 � PaCO

2
FiO

2
 � {1 � FiO

2
/R

where PaO
2
 � partial pressure of oxygen at the alveolar level, PiO

2
 � partial pressure of inspired oxygen, 

PaCO
2
 � partial pressure of carbon dioxide in arterial blood as measured by arterial blood gas, FiO

2
 � fraction 

of inspired oxygen, and R � respiratory quotient (0.8). For most clinical applications, the alveolar gas equation 
can be closely estimated with the following modifi ed formula and thus stated more simply:

PaO
2
 � [760 mm Hg � 47 mm Hg] �

FiO
2
 � PaCO

2
 (1.25)

where 760 mm Hg � barometric pressure at sea level and 47 mm Hg � vapor pressure in airway. PaCO
2
 is 

measured from arterial blood gas, which can be used to approximate the alveolar carbon dioxide.

 TABLE 18-4

Rules of Acute Respiratory Compensation

Change Rule Example

↑ PCO
2

For every increase of 10 mm Hg, 
pH decreases by 0.08

PCO
2
: 40 → 60 mm Hg; pH: 7.40 → 7.24

↓ PCO
2

For every decrease of 10 mm Hg, 
pH increases by 0.07

PCO
2
: 40 → 20 mm Hg; pH: 7.40 → 7.54

 TABLE 18-5

Acid–Base Disturbances as Measured by Arterial Blood Gas

Condition pH PCO
2

HCO
3
–

Uncompensated respiratory acidosis ↓↓ ↑↑ ↑

Uncompensated respiratory alkalosis ↑↑ ↓↓ ↓

Uncompensated metabolic acidosis ↓↓ – ↓↓

Uncompensated metabolic alkalosis ↑↑ – ↑↑

Partially compensated respiratory acidosis ↓ ↑↑ ↑↑

Partially compensated respiratory alkalosis ↑ ↓↓ ↓↓

Partially compensated metabolic acidosis ↓ ↓↓ ↓↓

Partially compensated metabolic alkalosis ↑ ↑↑ ↑↑

Respiratory and metabolic acidosis ↓↓ ↑↑ ↓

Respiratory and metabolic alkalosis ↑↑ ↓↓ ↑
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Subtracting the PaO
2
 measured on arterial blood gas from the calculated PaO

2
 gives the measure of 

the  alveolar–arterial oxygen gradient. Calculation of the alveolar–arterial oxygen gradient while a patient is 
breathing room air and compared to that obtained while the patient is treated with supplemental oxygen can 
 diff erentiate hypoventilation from shunting.

Arterial oxygen values can be altered by the fraction of inspired oxygen (FiO
2
), the condition of the 

 alveolar air–blood barrier, and the amount of pulmonary blood fl ow. At sea level, an arterial PO
2
 of 97 mm Hg 

(range, 80 to 105) is normal for a patient breathing “room air.” A patient with normal lungs receiving supple-
mental  oxygen should have an arterial PO

2
 approximately fi ve times the FiO

2
 (Table 18-6).

CLINICAL APPROACH TO THE CHILD WITH PULMONARY DISEASE
When a pediatrician is faced with a child with acute or chronic respiratory illness and worried parents, it is 
 essential to obtain a complete history and perform a comprehensive physical examination.

History
In general, the pulmonary history should include questions that establish the age of onset of the problem and fac-
tors that appear to initiate cough, breathlessness, or “noisy” breathing. It is necessary to inquire about the duration 
of symptoms and whether the problem has persisted despite medical interventions. Th e vast majority of referrals to 
pediatric pulmonologists are for recurrent or chronic cough, and the second most frequent reason for referral is for 
noisy breathing. A signifi cant proportion of children referred with a chronic cough receives the diagnosis of asthma. 
Other conditions are possible; the history may provide specifi c clues to the diagnosis of cough (Table 18-7).

Pediatric Pearl: It is important to remember that history taking primarily involves the ability 
to listen carefully. However, some caution is indicated. Parents may use words that have an 
entirely different meaning to them than to the health professional. “Bronchitis,” “wheeze,” 
and “croup” are some of the most frequently misused words in the pediatric lexicon.

Pe
to
en

It is essential to determine the nature of the child’s problem. For example, is a cough dry or wet? Has the 
child’s primary care physician heard the child wheeze? Th e child may have associated symptoms or signs with 
the cough (e.g., pale, boggy mucosa that indicate allergic rhinitis with postnasal drip). Other important factors to 
consider include the timing of the symptoms, which can lead to rapid diagnosis (e.g., nighttime cough in patients 
with gastroesophageal refl ux disease, which worsens when patients are sleeping or supine); knowledge of  response 
to previous medication regimens, which can help determine the nature of the disease; and any  occurrences of 
allergies to medicines or foods, which could account for the child’s current problem or may aff ect treatment.

Th e history should also include details of the antenatal and perinatal periods. Decreased fetal motion may indicate 
a neuromuscular disorder that leads to alveolar hypoventilation and restrictive chest wall  disease.  Oligohydramnios
may indicate the presence of pulmonary hypoplasia because much of the amniotic fl uid  produced by the fetus is 

 TABLE 18-6

Predicted Effect of Fraction of Inspired Oxygen (FiO2) on 
Blood Oxygen Content

FiO
2

Predicted Arterial PO
2
 (mm Hg)

0.30 150

0.40 200

0.50 250

0.80 400

1.00 500
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generated from lung epithelium. Oligohydramnios may also be a sign of a renal anomaly and the presence of other 
congenital anomalies. Knowledge of any perinatal resuscitation eff orts, including the reason for their use, is helpful. 
It is crucial to know the gestational age at birth and if intubation and mechanical ventilation or supplemental oxygen 
was necessary to determine whether respiratory distress syndrome occurred. Any history of cyanosis in the absence 
of cardiac anomalies should lead to an investigation of possible tracheal or bronchial stenosis or malacia, decreased 
alveolar volume (pulmonary hypoplasia), and pulmonary vascular malformations (see Chapter 10).

When evaluating respiratory diffi  culties, family history is important. A family history of asthma is signifi -
cant. Th e family history is also helpful in determining the likelihood of other disorders such as CF; however, 
the majority of children diagnosed with CF have no family history of the disease. A history of multiple unusual 
infections that include the sinopulmonary tract or the skin as well as recurrent candidiasis or delayed umbili-
cal cord disconnection could lead to a suspicion of chronic granulomatous disease, immunoglobulin G (IgG) 
 defi ciency, or other lymphocytic disorders that predispose children to recurrent infection (see Chapter 17).

Pediatric Pearl: All details of the past medical history are important to elicit. A history of 
multiple admissions to the hospital or repeated trips to the emergency department can pro-
vide information about the adequacy of the regimen of medications children are receiving.

Pe
m
vid

Physical Examination
Before beginning the physical examination, it is necessary to scrutinize the vital signs and anthropometrics. 
As a general rule, children with chronic illness such as CF or immunodefi ciency syndromes present with growth 
failure. In contrast, children with asthma rarely have problems maintaining their weight.

Examination of the head and neck is an essential part of the pulmonary examination and can guide the 
 diff erential diagnosis. Th e structures of the upper respiratory tract warrant careful inspection for signs of sinusitis 
(edematous, erythematous nasal mucosa; purulent or clear nasal discharge); nasal polyps (present in CF and asthma); 
allergic shiners (darkness under the eyes); cobble stoning of posterior pharynx (subcutaneous lymphoid nodules that 
form due to post nasal drip); allergic rhinitis (pale, edematous mucosa); and a nasal crease (or a history of the “salute 
sign” in which the patient rubs the nose with the palm of the hand). It is also important to look for signs consistent 
with obstructive sleep apnea syndrome when evaluating a history of snoring or gasping during sleep. Children with 
large tonsils and adenoids are often mouth breathers who snore loudly while asleep. Enlarged tonsils and signs of 
enlarged adenoids (poor palatal elevation with phonation) are regions of possible airfl ow obstruction.

 TABLE 18-7

Clues to Diagnosis in Children with Chronic Cough

History Disease

Cough starts when child is supine Gastroesophageal refl ux, postnasal drip

Paroxysmal cough Pertussis, chlamydia, foreign body

Recurrent cough with wheeze Asthma, foreign body, mediastinal tumor, cystic 
fi brosis

Cough associated with swallowing Gastroesophageal refl ux, aspiration due to 
 dysfunctional swallow, tracheoesophageal refl ux

Cough with aphonia Foreign body in larynx, papillomatosis, croup, or 
psychoneurosis

Ringing, brassy cough Tracheitis

Barking cough Croup or subglottic disease

Cough in early a.m. Asthma

Cough with exercise Exercise-induced bronchospasm
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Examination of the chest involves observation of the breathing pattern and assessment of the respiratory 
 eff ort initially. A normal inspiratory-to-expiratory ratio (I:E) is 1:2. Children with obstructive types of illness (e.g., 
CF, asthma) breathe with a prolonged expiratory phase, and the I:E increases to 1:3 or 1:4. In addition, they may 
have a hyperinfl ated thorax. Patients with restrictive breathing patterns breathe rapidly and shallowly.  Inspection 
of the chest wall for symmetry, pectus deformity, and the size of the thorax is warranted. Retractions can be more 
diffi  cult to appreciate in infants than in older children; they are not seen in the intercostal spaces. More often, the 
lower part of the rib cage is actually pulled inward as the diaphragm contracts when the infant inspires due to the 
high compliance of the chest wall. “Head-bobbing,” a result of the use of the suprasternal accessory muscles of res-
piration, is a sign of increased resistance of the small airways in infants. It is important to evaluate how much eff ort 
the patient expends to achieve suffi  cient airfl ow. Percussion of the thorax can reveal either hyperresonance due to 
localized air trapping or dullness to percussion if consolidation of a lobe or segment is present.

When auscultating breath sounds, it is necessary to listen for crackles, wheezing, and stridor. Crackles and 
wheezes originate from lower airway disease (Table 18-8). Do these sounds occur during inspiration or  expiration? 
Th e resistance to airfl ow caused by obstructing lesions depends on the location of the obstruction (intra- or ex-
trathoracic) and on the phase of respiration. Noise that occurs on both inspiration and expiration suggests a fi xed 
stenosis of the airway (i.e., a lesion in which the internal diameter, and hence the airway resistance, does not change 
with the phase of respiration). Such a lesion could be either intrathoracic or extrathoracic in origin.

It is also important to determine the distribution, pitch, and quality of sounds to diff erentiate between  upper 
(extrathoracic) and lower (intrathoracic) airway pathology (Table 18-9). Airways are distended or  compressed 
during the phases of respiration. Th e occurrence of an expiratory wheeze in the absence of inspiratory stridor 
(or  vice versa) indicates a variable stenosis. When a variable obstruction is intrathoracic, it is primarily appreci-
ated on expiration because the lesion is dilated on inspiration by the negative intrathoracic pressure surrounding 
the airway at that point. When a variable obstruction is extrathoracic, obstruction worsens on inspiration and 
improves during expiration because the positive intraluminal pressures distend this portion of the airway.

Other signs to note on physical examination include heart murmurs; a loud snapping P2 (the portion of the sec-
ond heart sound that indicates closure of the pulmonic valve, which when loud indicates  pulmonary  hypertension); 
digital clubbing (present in CF, cyanotic heart disease, bronchiectasis, infl ammatory bowel disease); signs of atopy 
(eczema, Dennie lines, pale nasal mucosa, edema of mucosa); and enlargement of the abdominal organs.

ATS, American Th oracic Society.

 TABLE 18-8

Sounds Produced by Lower Airways

Sound (ATS) Frequently Used Synonym Acoustic Characteristics

Crackle Usually inspiratory sound

 Coarse Rhonchi Loud, low in pitch

 Fine Rale Softer and shorter in duration, higher in pitch

Wheeze Usually expiratory sound

 High-pitched Long, musical

 Low-pitched Loud, long, sonorous

 TABLE 18-9

Sounds Produced by Upper Airway Obstruction

Type of Obstruction Type of Pathology

Intrathoracic Extrathoracic

Fixed Noise on both inspiration and expiration

Variable Expiration: Wheeze predominates Inspiration: Stridor dominates
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Laboratory Evaluation
Pulmonary Function Tests

Pulmonary function tests are well characterized in young infants and toddlers as well as in older children. 
 Clinicians have traditionally performed spirometry and lung volume measurements on patients who can 
 accomplish a coordinated, forced expiratory maneuver (i.e., children over 5 years of age). More recently, 
 techniques have been developed in which these maneuvers can be performed with sedated infants, but stan-
dard values are still being collected and the technique refi ned. Results are more readily obtainable in children 
older than 5  years of age. Uses for pulmonary function tests include (1) diff erentiating between restrictive and 
obstructive lung pathology, and (2) answering questions about respiratory function. Clinicians most commonly 
perform these  pulmonary tests to assess the response to bronchodilator treatment and to determine whether 
a disease is  improving or progressing in response to therapy. It is useful to obtain results both before and after 
 bronchodilator use to determine reversibility of obstruction.

Two basic methods are useful for the determination of lung volume and function. Spirometry measures 
“active” lung volumes (i.e., air volumes that a patient actively blows into the spirometer). A pneumotachometer 
simultaneously measures the rate of airfl ow. Use of these values allows the clinician to characterize the type of 
lung disease that aff ects a particular child. Plethysmography measures the actual volumes of air contained within 
the thorax. Th e patient sits in the plethysmograph and performs breathing maneuvers that result in measurable 
pressure changes inside the device. Using the ideal gas law, it is possible to calculate the volume at which the 
maneuver began. By convention, the maneuver begins when the patient has exhaled to the functional residual 
capacity (FRC). Once this volume is known, the calculation of all other lung volumes is possible.

Th e use of spirometry and plethysmography is reliable in children of all ages. However, the technique used 
for infants and toddlers is diff erent from that used for more cooperative older children, who can consistently 
follow instructions and perform repeated and prolonged exhalation maneuvers.
absolute lung volumes. Total lung capacity (TLC), FRC, and residual volume (RV) are determined using 
plethysmography (Figure 18-1). A lung capacity is simply the addition of two or more lung volumes; a lung 

Vo
lu

m
es

Time

ERV

IC

FRC

TLC

VC

VT

RV

Volume-Time Spirogram

FIGURE 18-1. Volume–time spirogram. ERV, expiratory reserve volume; FRC, functional reserve capacity;
IC, inspiratory capacity; TLC, total lung capacity; RV, residual volume; VC, vital capacity; Vt, tidal volume.
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 volume is defi ned as the smallest unit measure of the additive volumes within the thorax (Table 18-10). TLC, 
FRC, and RV are useful for following the course of chronic lung disease such as CF or restrictive lung disease.
spirometry. Th e most basic maneuver in spirometry is the slow vital capacity maneuver. To obtain a  volume–time 
spirogram (see Figure 18-1), a child should fi rst breathe quietly into the spirometer. After two or three tidal 
breaths are recorded, the child slowly inspires to TLC, then blows out calmly and smoothly to RV. When the 
same maneuver is repeated, but with a forced exhalation (a forced vital capacity [FVC]), the rate of airfl ow 
rises quickly to its maximum value immediately after exhalation is initiated. As the lung volume  decreases, the 
intrathoracic airways narrow, airway resistance increases, and the rate of airfl ow progressively falls. Th e standard 
time for exhalation is 6 seconds. Shorter exhalation times may be insuffi  cient for detection of lung dysfunction 
and lead to underestimation of abnormalities. Th e volume exhaled in 1 second [forced expiratory volume in 
1 second (FEV

1
)] is obtained during this maneuver.

It is essential to obtain maximal eff orts to diff erentiate restrictive and obstructive lung disease. Th e two 
types of lung disease produce diff erent spirometric patterns (Table 18-11).

Pediatric Pearl: The relation of the FEV1 to the FVC is the key to differentiating obstructive 
lung disease from restrictive lung disease.
Pe
lun

Obstructive lung disease (e.g., asthma, CF) is characterized by a reduction in airfl ow and trapping of 
air inside the thorax behind tight, plugged airways. Th is physiologic abnormality lowers the FEV

1
. Because 

the FEV
1
 is more reduced than the FVC, obstruction results in a low FEV

1
/FVC ratio (FEV

1
 [%]). On the 

 fl ow-volume curve, the exhalation limb has a scalloped shape.
Restrictive lung disease is characterized by a low FEV

1
 and a proportionate reduction in the FVC. Th us, the 

FEV
1
/FVC ratio is unchanged from normal (greater than 80%). Children with pulmonary fi brosis ( secondary to 

 chemotherapy for cancer, systemic lupus erythematosus, or Wegener granulomatosis) typically have spirometric 
abnormalities of this type.
diffusing capacity (dlco). V/Q relationships within the lung and the function of the pulmonary capillary bed 
primarily aff ect gas transfer in the lungs, which is measured as the diff using capacity for CO (DlCO). Any  factor 
that aff ects the alveolus or the hemoglobin molecule alters the uptake of CO. Anemia and the lung volume at 

 TABLE 18-10

Defi nitions of Lung Volumes and Measures Used in Spirometry and 
 Plethysmography

Term Acronym Defi nition

Forced expiratory fl ow rate FEF Rate at which exhaled air fl ows; by convention, FEF 
is measured at 25%, 50%, and 75% of FVC

Forced expiratory volume in 1 
second

FEV1 Amount of air released after 1 second during a   
maximal exhalation

Functional residual capacity FRC Usual point at which exhalation ends; refl ects balance 
of forces between expansile nature of chest wall and 
contractile nature of lung parenchyma

Residual volume RV Least volume of air remaining in lung after maximal 
expiratory maneuver (after SVC or FVC)

Tidal volume VT Amount of air inhaled during breath

Total lung capacity TLC Total amount of air that can be contained within 
thorax after maximal inspiratory maneuverç

Sum of RV and VC

Vital capacity (slow and forced) SVC, FVC Amount of air released when exhaling from TLC to RV
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which it is measured aff ect the measurement of the DlCO. Decreased DlCO is most commonly seen in inter-
stitial lung disease, sickle cell disease, and pulmonary vascular disease (pulmonary hypertension). DlCO is useful 
for monitoring the eff ects of chemotherapeutic agents and radiation on the lung parenchyma in children.

Measurement of DlCO is usually performed as a single breath maneuver. Th e patient inhales a low 
 concentration of CO mixed with a tracer gas such as helium. Any reduction in the concentration of the CO as 
it is exhaled and measured by the detecting sensor relates to its diff usion throughout the alveolar membrane and 
into RBCs as they circulate through the pulmonary capillaries.

Additional modalities for assessing pulmonary function, including arterial blood gas measurement and 
oxygen saturation measurement, are discussed in the section on respiratory physiology (see Blood Gas Analysis
and Estimating Oxygenation).

Radiologic Procedures

Th e reasons for obtaining plain chest fi lms in children are numerous. All children with chronic coughs should 
have a recent chest radiograph (Figure 18-2). Sudden chest pain is an indication for radiography (Figure 18-3). 
Children with suspected pulmonary infections are obvious candidates for radiography. It is necessary to read 
fi lms carefully and systematically (Table 18-12).

Computed tomography (CT) is a noninvasive procedure, which off ers many advantages. CT scans of the si-
nuses are more sensitive and specifi c than plain radiographs, and such sinus fi lms may be appropriate in  patients with 
chronic purulent nasal secretions. In addition, a CT scan allows for the assessment of the fi ne detail of the pulmonary 
parenchyma. Several patterns of CT abnormalities correspond with specifi c histologic diseases (Table 18-13).

A high-resolution CT (HRCT) scan, which combines the technique of obtaining frequent “slices” of images 
through the chest with high-frequency resolution, can provide the detail of structures as small as 0.5 mm. With 
HRCT, it is possible to stage disease severity and more readily follow a response to therapy. Situations in which 
HRCT provides new or important information include airspace disease, complicated infections,  empyema,  evaluation 
of loculated eff usions, immunocompromise, tuberculosis, pulmonary hemorrhage, pulmonary edema, interstitial dis-
ease, bronchopulmonary dysplasia, histiocytosis, sarcoid disease, bronchiectasis, CF (Figure 18-4), bronchiolitis oblit-
erans, and bronchial obstruction. HRCT is also used as a guide for percutaneous biopsy or for open lung biopsy.

Barium studies (contrast esophagrams) may be warranted in infants who have cough associated with 
feeding or frequent large emesis after feedings. Th ese procedures, which detect vascular rings or mediastinal 
 lesions that impinge on the trachea and tracheoesophageal fi stulae, are useful in the evaluation of swallowing 
 dysfunction, esophageal anatomy, and intestinal obstructive defects.

Noncontrast use of fl uoroscopy is helpful in assessing diaphragmatic excursion and upper airway and 
pharyngeal anatomy. Diagnosis of infants with stridor due to laryngomalacia or infants with wheezing and 
tracheobronchomalacia may involve fl uoroscopy.

 TABLE 18-11

Plethysmographic and Spirometric Patterns of Obstructive and Restrictive
Lung Disease

Plethysmographic/

Spirometric Value

Obstructive Lung Disease Restrictive Lung Disease

FVC ↓ or normal ↓

FEV
1

↓ ↓

FEV
1
/FVC ↓ �80%

TLC Normal or ↑ ↓

FRC ↑ ↓

RV Normal or ↑ ↓

RV/TLC ↑ Normal

FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; FEV1 (%), FEV1/FVC; TLC, total lung 

 capacity; FRC, functional residual capacity; RV, residual volume.
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Tests for Specifi c Situations

Immunology studies (total IgG, IgM, and IgA titers, IgG subclass titers, antibody titers to previous  vaccinations) 
warrant consideration in the evaluation of children with recurrent otitis, bronchiectasis, or productive cough 
 unresponsive to antibiotics. Serum IgE levels and radioallergosorbent or skin testing are necessary for evaluation 
of atopic disease (see Chapter 17).

Ciliary function studies may be warranted in patients with purulent otitis unresponsive to antibiotics or  patients 
with an association of sinusitis, otitis, pneumonia, bronchiectasis, with or without situs inversus  anomaly. Diagnosis 
of immotile cilia syndrome (ICS) relies on a combination of clinical evaluation and  electron  microscopic analysis of 
ciliary structure. Supplemental tests involve nuclear scans, which use  technetium-99–labeled  inhalant and real-time 
imaging to evaluate mucociliary clearance time, and measurement of the nasal nitric oxide levels. Th e genetics of 
ICS are not yet fully elucidated, due to the extensive genetic heterogeneity and the large size of the disease-causing 

A B

FIGURE 18-2. Chest radiograph of a child with asthma who was evaluated for ongoing cough and recurrent “pneumonia.” 
(A) Th is anteroposterior view clearly shows an area of atelectasis of the medial segment in the right middle lobe. Th is fi lm 
demonstrates the classic “silhouette” sign, in which consolidation of the medial segment of the right middle lobe obscures 
the normal silhouette of the heart on the right border. (B) Th is lateral view demonstrates the classic wedge-shaped opacity 
of right middle lobe atelectasis.

FIGURE 18-3. Chest radiograph showing a right-sided pneumothorax. Th is 11-year-old girl with severe lung disease due 
to cystic fi brosis complained of a sudden onset of chest pain. Th e right side of the chest fi lm demonstrates a sickle-shaped 
area of a dark lucency at the apex of the thorax indicative of a pneumothorax.
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 TABLE 18-13

Patterns of Abnormalities Found on Computed Tomography

Abnormality Disease Entity

Irregular linear pattern Idiopathic pulmonary fi brosis
Lymphatic tumor (lymphangiomatosis)

Cystic pattern Cystic fi brosis
Lymphangiomatosis

Nodular pattern Cystic fi brosis
Histiocytosis X
Hypersensitivity pneumonitis
Sarcoidosis
Fungal infection

Ground glass pattern Alveolar proteinosis
Eosinophilic pneumonia
Bronchiolitis obliterans with organizing pneumonia

 TABLE 18-12

Approach to the Chest Film: ABCS
A Abdomen: Visceral situs, masses, free air, calcifi cation, bowel loops, diaphragmatic contours

B Bones: Fractures, anomalies, masses

C Chest

Airway: Patency, position, size, shape, peribronchiolar cuffi  ng

Mediastinum: Position, size, shape

Lungs: Volume, vascularity, density-opacity (linear markings, nodules, cysts vs. alveolar fi lling defects)

S Soft tissue swelling, foreign body

FIGURE 18-4. High-resolution computed tomography (HRCT) scan from the same girl described in Figure 18-3. Note 
that the defi nition of airway disease and areas of consolidation are more readily apparent, and the disease process is much 
more advanced than appears on the chest fi lm. Th e airway walls are thickened, both the central and peripheral airways 
exhibit bronchiectatic changes, and opacifi cations are present where mucous plugs and lung consolidation exist.
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genes. To date, six genes have been linked with PCD, two dynein genes, encoding the outer dynein arm (ODA), 
intermediate chain (DNAI1), and heavy chain (DNAH5), have been found approximately 30-38% of the families 
evaluated. Mutations in other ODA genes (TXNDC3 and DNAI2) have been noted in a small fraction (�2%) of 
all PCD patients and have not been included in the clinical genetic panel available yet. Recently, mutations have 
been described in ktu (encodes cytoplasmic protein that is required for ODA assembly) in approximately 12% of 
PCD patients with defects in both the ODA and IDA. Diagnosis of PCD is very diffi  cult in patients who present 
with the compatible clinical phenotype, but normal ultrastructure fi ndings. Very recently, DNAH11 was shown to 
be mutated in a PCD family, but at this juncture, studies to defi ne  large-scale mutation profi ling in a variety of PCD 
patients are needed to determine the importance of this mutation in PCD. Sweat chloride iontophoresis is used to 
diagnose CF. Th is test is indicated in all patients with an abnormal chest radiograph, failure to thrive, steatorrhea 
or  constipation, a cough unresponsive to bronchodilator use and routine antibiotic courses, and sputum cultures 
previously positive for Haemophilus infl uenzae, Staphylococcus aureus, and Pseudomonas aeruginosa.

Pediatric Bronchoscopy

Th e direct visual examination of children’s airways is an important diagnostic tool. Airway structure and  anatomy 
can be directly visualized while the child is spontaneously breathing; the appearance of the airway mucosa can 
provide information about certain pathologic processes. Sampling tissues with biopsy or brushing or lavage of 
airway secretions can help establish specifi c diagnoses. Determination of the dynamic changes occurring in 
the airways may lead to diagnoses of laryngo-, tracheo-, or bronchomalacia. Th ere are several indications for 
bronchoscopic evaluation, which have a variety of causes (Table 18-14). A  pulmonologist may often perform a 
bronchoscopy to remove airway obstructions such as foreign bodies, inspissated secretions, or tissue masses. A 
bronchoscope may also be useful in the delivery of therapeutic agents to the lower airways.

Two types of bronchoscopes exist. Th e original bronchoscopes were rigid metal tubes passed through 
the mouth. Over the last 15 years, fl exible fi beroptic instruments more suitable for use in very small infants 
and children have been developed. In general, rigid bronchoscopy is the procedure of choice for the removal 
of foreign bodies, some dynamic studies of the airways, and for other therapeutic purposes. Flexible bron-
choscopy is the preferred modality for cases that require diagnosis and lower airway (alveolar) sampling, and 
transbronchial and mucosal biopsy specimens may be obtained, which may provide information that allows 
for adequate diagnosis, and obviates the need for a more invasive procedure, such as open lung biopsy. Th e 
major advantage of using a rigid bronchoscope lies in the fact that the inner diameter of the scope is usu-
ally large enough for the passage of instruments. In addition, it doubles as an endotracheal tube during the 
procedure, thus establishing and maintaining control of the airway and facilitating the delivery of oxygen and 
anesthetic gases. Th e primary drawback is that the bronchoscope must be passed through the patient’s mouth 
to reach the trachea; the bronchoscopist must be able to open the mouth and extend the neck to provide a 
straight pathway. Certain congenital defects of the head and neck may obviate this method. General anesthe-
sia is always required for rigid bronchoscopy.

SPECIFIC PULMONARY DISORDERS

STRIDOR
Stridor, a form of a wheeze, is frequently loud and harsh in quality. It is primarily described as an inspiratory 
sound. Children who exhibit diffi  culty breathing in the form of stridor are described as being stridulous.

Pathophysiology
Th e stridulous sound is generated by increased turbulent airfl ow from obstruction at the level of the larynx, the 
subglottic region of the larynx, and/or the extrathoracic trachea. Th e pitch is related to the degree of obstruction 
as well as to the velocity of airfl ow through the obstructed area. As a rule, the higher the pitch, the more severe 
the obstruction.

Clinical and Laboratory Evaluation
Th e previous discussion of the components of the history and physical examination allows the clinician to dif-
ferentiate between intrathoracic and extrathoracic obstruction lesions of the airway (see Clinical Approach to 
the Child with Pulmonary Disease).
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 TABLE 18-14

Indications for Bronchoscopy

Symptom Cause

Stridor (recurrent or chronic) Congenital laryngomalacia
Cricoid ring
Complete tracheal rings
Mass lesion compressing trachea

Persistent wheezing Tracheomalacia
Bronchial or tracheal compression
Foreign body aspiration

Pneumonia (acute)
Pneumonia (chronic or 
 recurrent)

Bacterial, fungal, or viral pathogen
Tracheoesophageal fi stula
Recurrent aspiration
Congenital airway anomaly
Foreign body
Pulmonary hemorrhage
Alveolar proteinosis

Persistent cough Anatomic abnormalities (tracheoesophageal fi stula, tracheal bronchus)
Foreign body aspiration
Tracheomalacia
Bronchomalacia
Chronic infection (immune defi ciency, cystic fi brosis)

Atelectasis Mucous plugging unresponsive to medical therapy
Foreign body
Anatomic abnormality

Radiographic abnormalities
Hemoptysis
Tracheostomy

Localized hyperinfl ation (congenital lobar emphysema, bronchial 
 stenosis, foreign body)
Acute pulmonary hemorrhage
Routine endoscopic evaluation of airway
Evaluation of development of granulation tissue
Bleeding, acute
Evaluation of resolution of tracheo- or bronchomalacia

Vocal cord dysfunction Vocal cord paralysis
Vocal cord tethering
Paradoxical vocal cord movement

Aid in endotracheal intubation Congenital deformities of the airway

Laboratory Evaluation

Many diagnostic tools are available to evaluate the upper and lower airway for causes of stridor (Table 18-15). 
Th e test with the highest yield is fl exible fi beroptic bronchoscopy. However, this procedure is invasive and not 
without risk (see Pediatric Bronchoscopy). Fluoroscopy of the airways, which is quicker and less invasive, can 
provide good dynamic visualization of the airway. However, this method may “miss” certain pathologies such as 
subglottic stenosis or intraluminal hemangioma, so if doubt still exists, bronchoscopy should be  undertaken.

Differential Di agnosis
Th e diff erential diagnosis of stridor varies with the age at presentation, the type of noise, and the acuity of the 
presentation (see Table 18-15).
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Management
Most causes of stridor require some form of medical or surgical intervention. Th e only type of stridor that might 
not require treatment is congenital laryngomalacia. Most infants are born with some degree of softness of the 
cartilage of the larynx; as they mature, this cartilage becomes stiff er. If the laryngomalacia is severe, the infant 
may suff er growth failure, develop a pectus excavatum deformity, or suff er chronic aspiration if the  pressure 
generated during a vigorous gasp causes gastroesophageal refl ux. Th ese extreme and rare cases may require 
 treatment with uvulopalatoplasty or with tracheostomy until the child is older.

ASTHMA
Asthma is defi ned as a disease of the bronchial airways characterized by hyperresponsiveness to inhaled allergen. 
Th e application of smooth muscle relaxants reverses the resulting bronchoconstrictive response. A heteroge-
neous disease, asthma has diff erent clinical pictures and diff erent pathogenic mechanisms.

 TABLE 18-15

Diagnostic Evaluation of Stridor

Condition Infants Older Children/
Adolescents

Diagnostic Studies

Acute Onset

Viral croup (laryngotra-
cheobronchitis)

X X Anteroposterior neck radiograph

Spasmodic croup X History

Foreign body aspiration X X Inspiratory and expiratory fi lms, right and left 
lateral decubitus fi lms, fl uoroscopy, barium 
esophagram, rigid bronchoscopy

Epiglottitis X Lateral neck or direct visualization in 
 operating room with qualifi ed surgeon

Abscess: retropharyn-
geal, peritonsillar

X Lateral neck radiograph

Allergic reaction X History

Trauma X History

Angioneurotic edema 
(C1 esterase defi ciency)

X History, C1 esterase level

Chronic Onset

Laryngomalacia X History, fl uoroscopy, fl exible bronchoscopy

Vocal cord dysfunction X X Flexible bronchoscopy, history

Subglottic stenosis X X History, pulmonary function test, fl exible 
bronchoscopy

Laryngeal cyst, heman-
gioma, web, papilloma

X X Flexible bronchoscopy

Epiglottic cyst X Flexible bronchoscopy

Laryngotracheoesopha-
geal cleft

X Suspension laryngoscopy

Retained foreign body X Flexible bronchoscopy, rigid bronchoscopy
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Asthma occurs in about 4% to 9% of the population, but urban areas have far higher reported rates, 
 estimated at 20% in some areas. Th e incidence is highest during the fi rst 3 to 4 years of life, with more than 80% 
of cases starting before 4 years of age. During these early years, both the immune system and the respiratory 
system undergo growth and maturation, which subsequently determine the pattern of future response of these 
systems to environmental exposure. Asthma is a developmental disease with a strong genetic component. Th e 
basic abnormality consists of an altered development of the patterns of immune and airway response to external 
stimuli; this abnormality probably persists for life.

Males are more likely than females to have asthma, and the disease clusters in certain regions of the United 
States such as the south and the west. However, the most striking clusters are in urban areas, where air pollutants 
may play a role. Th e incidence is also higher in the African American population.

Pathophysiology
Various clinical conditions can be associated with lower airway obstruction during childhood, depending on 
age, gender, genetic background, and environmental exposure. Which of these conditions leads to the chronic 
 asthmatic condition is poorly understood. Th e most important environmental factors in the development of 
asthma are the intensity, timing, and mode of exposure to aeroallergens that stimulate the production of IgE. 
Atopy and an increased predisposition to form IgE antibodies on exposure to common environmental antigens 
are present in the majority of patients with asthma (see Chapter 17). Exposure to high levels of inhaled allergens, 
especially dust mites, at an early age is an important determinant in the development of asthma. Additional en-
vironmental determinants are concurrent exposure to cofactors such as cigarette smoke. Th e role of food allergens 
in the pathogenesis of asthma is controversial. In general, pulmonary reactions to ingested foods are rare, and the 
correlation of hyperreactivity to food allergens with radioallergosorbent testing and abnormal IgE levels is low.

Two phases represent the pathophysiology of the infl ammatory response in asthma: the early and late 
asthmatic reactions (Figure 18-5). In the early asthmatic reaction, rapid bronchoconstriction usually occurs 
after bronchial provocation with an allergen to which the subject is sensitized; this lasts for about 1 hour. 
Th e cause of the acute infl ammation of the airways is the release of mediators from a variety of eff ector cells 
such as mast cells and eosinophils. Mast cell degranulation leads to release of mediators including prostaglan-
dins,  leukotrienes, and other mediators, which lead to signs of the late asthmatic reaction and result in increased 
 vascular  permeability, mucus hypersecretion, and smooth muscle contraction.

Th e late asthmatic reaction, a more prolonged phase of airway narrowing that follows the early asthmatic 
reaction, starts 2 to 3 hours after exposure, reaches a maximal airway response by 4 to 8 hours, and resolves in 
12 to 24 hours. An overall increase in hyperresponsiveness marks this late asthmatic reaction; this increase may 
persist for days after the late asthmatic reaction appears to have resolved. Pathologic examination of asthmatic 
airways has shown a highly cellular infi ltration into the bronchial epithelium of neutrophils, eosinophils, and 
lymphocytes. Th ese cellular infi ltrations are associated with destruction of bronchial epithelium, the  expansion 
and activation of fi broblasts, and hypertrophy and hyperplasia of the smooth muscle. In fact, after airway 
 infl ammation has been established, airway hyperresponsiveness and symptoms can persist despite the removal 
of the responsible allergens because structural and functional alterations remain.

Clinical and Laboratory Evaluation
Establishing the diagnosis of asthma in children may be challenging due to the extreme diffi  culty of testing 
airway reactivity to inhaled allergens. Th is procedure is usually not performed because of safety issues, especially 
in infants and small children. Th e nature of asthma is episodic. A thorough history and physical examination, 
as well as knowledge of the child’s response to bronchodilators and anti-infl ammatory medications, may suffi  ce 
until the child is old enough to cooperate with spirometric testing procedures.

History

Knowledge of precipitating factors is valuable. Do the symptoms have a recurrent nature, suggesting environmen-
tal or seasonal factors? In older children, the most common triggers of asthma are dust or other aeroallergens, 
whereas in younger children, viral respiratory infections usually trigger asthma. Many families live in older homes 
that drain poorly during the winter and rainy seasons. Th is situation can lead to growth of molds in the home, 
which may lead to development of allergic bronchopulmonary aspergillosis or mold hypersensitivity. For many 
children with a chronic cough, eliciting a history of a sudden appearance of cough, wheezing, or stridor may 
guide the diagnosis toward foreign body aspiration, especially in toddlers. Travel history and any recent history of 
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 immigration is important too. Tuberculosis is endemic in several countries. Th erefore, it is necessary to determine 
a family’s country of origin and whether a tuberculosis skin test was administered on entry to the United States.

Other key questions that the pediatrician should ask during history taking have been mentioned  previously 
(see Clinical Approach to the Child with Pulmonary Disease, History). If a sibling has previously been  diagnosed 
with asthma, the child in question is seven times more likely of being diagnosed with asthma. After elucidat-
ing the character of the disease, the physician should attempt to  classify the asthma into one of four types 
(Table  18-16). Is it mild, mild persistent, moderate persistent, or severe?  Because asthma can present in many 
diff erent subtypes, this classifi cation is somewhat arbitrary.

Physical Examination

Most children with asthma present with recurrent episodes of wheezing and dyspnea. Several diff erent clinical 
syndromes may be apparent (Table 18-17).

Laboratory Evaluation

Pulmonary function testing before and after bronchodilator therapy is the most specifi c means of evaluation. 
Th ese tests can be reliably performed in most clinics that treat children 5 years of age or older (see Pulmonary 
Function Tests).

Epithelial damage Neurogenic factors 

Late asthmatic response

Early asthmatic response Increased bronchial
hyperactivity

Mediators 

Mast cell

Macrophage

Eosinophil

Neutrophil

FIGURE 18-5. Asthma infl ammatory cascade.
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Management
Convincing evidence suggests that untreated asthma results in chronic infl ammation that may induce structural 
changes in the asthmatic airway, leading to irreversible abnormalities in lung function. Th is knowledge has led 
to signifi cant changes in both the short- and long-term management of the disease.

As previously described, recurrent bouts of asthma may lead to cellular infi ltration into the airways, and 
fi brotic remodeling of the airways develops in severe asthma. While it is not currently known whether these 
pathophysiologic changes eventually occur in patients with all levels of severity of asthma, the currently available 
medications have been refi ned and proven safe for long-term use in children.

A written treatment plan may also help patients with asthma. Th e Asthma Action Plan, commonly used by 
physicians, is a method for asthma management and monitoring that patients take home and use to help modify 
their medication regimen based on changes in their clinical status (e.g., shortness of breath, cough, chest tightness).

Medical Treatment

In general, any child with persistent asthma should receive preventive daily treatment with an  anti-infl ammatory 
therapy (Table 18-18). Th e purpose of anti-infl ammatory treatment is to decrease the number of  exacerbations 
 experienced by a particular child. It is hoped that this will lead to a more normal lifestyle as well as  greater 
 participation in usual childhood activities. Additional therapy may be necessary depending on the type of 
 asthma the child has (Table 18-19).

 TABLE 18-16

Classifi cation of Asthma Subtypes

Asthma Subtype

Characteristics Mild Persistent Moderate Persistent Severe

Frequency of 
 exacerbations

1–2 times/wk 2 times/wk 
�3 ED visits/yr

Daily wheezing; sudden, 
severe exacerbations 
�3 ED visits/yr 
�2 hospitalizations/yr

Frequency of 
symptoms

Few between 
 exacerbations

Cough/low-grade 
wheeze frequent

Continuous low-grade 
cough; wheezing always 
present

Exercise tolerance Good Diminished Very poor; limited activity

Nocturnal asthma 1–2 times/month 2–3 times/wk �3 times/wk

School attendance Good Occasional absence Frequently absent

Pulmonary function

•  Peak expiratory 
fl ow rate

80% predicted; 
 variability  
�20% a.m. to p.m.

60%–80% of 
 predicted; variability 
�30%

�60% predicted;  
variability �30%
colair challenge

• Spirometry Minimal  obstruction; 
�15% response to 
 bronchodilator

Obstruction at low 
lung volumes; 
�15% response to 
bronchodilator

Scalloped fl ow–volume 
loop �35% predicted fl ow 
in small airways

•  Methacholine 
 sensitivitya

PC
20

 � 20 mg/mL PC
20

 � 2–20 mg/mL PC
20

 �2 mg/mL

aSensitivity to methacholine is measured by the PC
20

, of the dose of methacholine inhalation challenge that results in a 

decrease in the FEV1 by 20% from baseline.

ED, emergency department.
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Children with only seasonal symptomatology may require daily use of anti-infl ammatory medications, 
starting several weeks before the expected antigen exposure. For patients with exercise-induced asthma,  albuterol 
or formoterol (a long-acting 	-agonist [LABA] that has rapid onset of action), taken 5 to 10 minutes before 
exercise, may off er eff ective prophylaxis against bronchospasm.

Children with asthma who experience more frequent symptoms should receive daily prophylaxis with 
anti-infl ammatory therapy. LABAs can be used in conjunction, based on the determined level of severity 
of asthma and whether control is gained with the use of inhaled corticosteroid (ICS) alone. Th e medica-
tion most  commonly prescribed to achieve eff ective anti-infl ammatory treatment is generally ICS such as 
 beclomethasone, fl uticasone, or budesonide. Asthma ICS fl uticasone has the highest topical-to-systemic ratio 
of drug absorption, is rapidly metabolized by the liver, and is very potent compared to other ICSs. Th erefore, 
it is often the ICS drug of fi rst choice. If this is not helpful, and breakthrough episodes of wheezing still 
occur frequently, then the addition of a short-acting 	-agonist or black box LABA is indicated. Some pre-
mixed combination medications are available for  prescription, though not in all forms (liquid for nebulization, 
metered-dose inhaler, or dry powder inhaler), and thus are not available for all age groups. ICSs may require 
several weeks of daily use before the benefi cial  eff ects are realized. Th ere are several advantages to using LA-
BAs. When used in combination with a corticosteroid, a synergistic eff ect in improving control of asthma has 
been confi rmed in multiple studies.  LABAs bind more tightly to the 	-adrenergic receptor and have a duration 
of action of up to 12 hours.

Pediatric Pearl: Glucocorticoids in combination with LABAs are the most effi cacious treat-
ment currently available for the long-term management of moderate persistent asthma.
Pe
me

 TABLE 18-17

Clinical Appearance of Asthma

Clinical Syndrome Symptoms/Signs

Classical episodic asthma Episodes of coughing and/or wheezing that occur intermittently

Between episodes, no overt 
symptomatology

Persistent asthma Daily symptoms

Acute, severe exacerbations

Cough-variant asthma Cough only

Hypersecretory asthma 
 (common in infants and 
children, especially after viral 
infections)

Recurrent cough with bronchitis

Recurrent “pneumonia” Similar to pneumonia in radiologic appearance with excessive, tenacious 
mucous secretions blocking larger airways, causing atelectasis of seg-
ments and subsegments

Exercise-induced asthma Severe bouts of bronchospasm triggered only by exercise and/or cold air
Seemingly well between  episodes

Severe episodic asthma Life-threatening attacks
Symptom-free and quite well between episodes

Persistent wheezing (infants 
known as the “fat, happy 
wheezers”)

Usually without much respiratory distress
Often due to chronic aspiration from gastro esophageal refl ux
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 TABLE 18-18

Medications Used for Treatment of Asthma

Medication Mild Intermittent Mild Persistent Moderate
 Persistent

Severe

	-agonist

 Short-acting As needed As needed As needed As needed

 Long-acting No No Daily Daily

  Inhaled 
 corticosteroid 
(ICS and LABA)

No Yes Yes Yes

Leukotriene  receptor No Yes, but not as 
monotherapy

Yes Yes

  Antagonist or 
 synthesis

 Inhibitor

Anticholinergic No Consider Yes Yes

Th eophylline No No Consider Yes

Th e anti-infl ammatory eff ects of corticosteroids are likely to be via directly inhibiting the binding of 
 certain transcription factors to cellular DNA that are activated by signals from infl ammatory cells. Corticoster-
oids also upregulate the number of 	-adrenergic receptors on bronchial smooth muscle. Within the  respiratory 
epithelium, corticosteroids decrease the numbers of infl ammatory cells such as eosinophils, basophils, and 
 polymorphonuclear cells. However, it may take as long as 6 months to reverse the acute infl ammation seen in the 
pathohistologic changes present in asthma-aff ected airways. It has not been demonstrated that fi brotic airways 
remodeling is either preventable or reversible in long-term studies in asthmatic children.

Children with severe, uncontrollable asthma, which is diagnosed in less than 10% of cases, require 
a  medication regimen that “brings out the big guns” quickly and eff ectively. Th e use of two or three types of 
 bronchodilators may be necessary, along with large doses of inhaled steroids.

Leukotriene receptor antagonists and leukotriene-synthesis inhibitors provide new mediator-specifi c 
therapy for asthma. Th ese agents block the infl ammatory airway response to an inhaled aeroallergen challenge. 
In chronic asthma, they lead to improved lung function, reduced symptoms, and they frequently can allow for 
reduced doses of ICSs. Because several studies reported that these medications are less eff ective than steroids,  
it is not recommended that they be used as monotherapy.

In addition, the use of LABAs such as salmeterol is often indicated. Th ese drugs bind more tightly to the 
	-adrenergic receptor and have a duration of action of up to 12 hours. Of note, studies suggest an increased in-
cidence of hospitalization and sudden death in association with LABAs as monotherapy. However, the available 
preparations that combine a LABA with a corticosteroid (e.g., fl uticasone/salmeterol and  budesonide/ formoterol) 
appear to be safe and are approved for use in children. Th e FDA has issued a black box warning regarding the 
long-term safety for the use of combined LABA/corticosteroid drug formulations. Th us, the most recent guidelines 
for use of these medications recommends that LABA/ICS formulations be utilized only until disease control and 
stability are attained. It is then suggested that the medication regimen be de-escalated to ICS alone, if possible. Oral 
	-agonists are  eff ective, along with sustained- release theophylline preparations. However, systemic side eff ects such 
as  jitteriness,  hyperactivity, headache, and emesis are frequent when serum levels exceed the therapeutic range (for 
theophylline and other xanthine derivatives). Additionally, theophylline and similar agents often have  interactions 
with other medications, either resulting in an increase or a decrease in blood serum levels, and can lead to toxicity if 
other medication dosages are not altered.

Unfortunately, children with asthma are often undertreated, based on the perception by both parents and 
physicians that long-term treatment with ICSs is deleterious. Much investigation has taken place concerning the 
possible association of long-term use of ICSs and bone growth delay as well as other side eff ects such as adrenal 
suppression, behavioral changes, blood glucose elevation, and cataracts. Side eff ects are rare with ICSs, but can 
occur, primarily when high doses are used. It is necessary to regularly monitor children who receive long-term 
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treatment with ICSs for elevation in blood pressure, serum blood sugar, lag in growth, and cataract development 
(i.e., yearly ophthalmologic examinations). However, recent growth and ICS studies have shown only a 1-cm 
diff erence in height between moderate asthmatics treated with 400 
g/day of budesonide and their healthy 
 cohorts, with no occurrence of side eff ects consistent with adrenal suppression or corticosteroid excess. In addi-
tion, ICSs have been associated with dysphonia and thrush, but it is possible to avert these conditions by using 
spacer  devices and by “swishing and spitting” or drinking immediately after the medication is administered.

Methods of Drug Delivery

In asthma therapy, inhalation tends to be the preferred mode of drug delivery. Not only does it allow for more 
rapid onset of action and lower dosage requirements, but it also eliminates systemic side eff ects of drugs that are 
also available in ingestible form. Th ree inhalation systems are currently available for the delivery of aerosolized 
medications: metered-dose inhalers, dry-powder inhalers, and nebulizers used with liquid  preparations.

Metered-dose inhalers have the advantage of being portable, lightweight, and less expensive than the liquid 
nebulizer forms of medications. Th e disadvantage of using a metered-dose inhaler is the high speed of delivery; 
when the inhaler is actuated, the medication is dispensed from the canister at a speed approximating 400 miles/hour. 
Th is leads to impaction of nearly 99% of the medication on the oropharynx; only 1% of the medication reaches 
the lungs. Th is problem has been ameliorated with the development of hydrofl uoroalkanes (HFA) as the transport 
vehicle for medications delivered by a metered-dose inhaler (MDI). Because of environmental concerns, the avail-
ability of MDIs that utilize chlorofl uorocarbons (CFC) to propel the medication from the inhaler were completely 
eliminated from the market by the end of 2010. CFCs, when released into the environment, deplete the ozone layer. 
In the United States and many other countries, MDIs now dispense small particles propelled by HFAs. HFA MDIs 
dispense the dose as a slower moving fi ne mist that can be inhaled easily without the use of a spacer device, but 
the HFA-MDI device can be utilized in combination with a spacer device. Spacers can be used in infants; they are 
available with masks that fi t around the nose and mouth for a tight seal. Older children can use spacers fi tted with a 
mouthpiece. It is necessary to inhale one puff  of medication at a time. Th e medication can be inhaled either through 
the mouth as a single breath or with panting tidal maneuvers with equal eff ect.

Dry-powder inhalers are breath-actuated devices designed to eliminate the use of fl uorocarbons (i.e., the 
propellant used in metered-dose inhalers) and to obviate the need for spacer devices. Dry-powder inhalers, like 
metered-dose inhalers, are also portable, lightweight, and less expensive than the liquid nebulizer preparations. 
However, not all medications are yet available in dry-powder or HFA inhalant form.

Nebulizers are used for two reasons: (1) they are eff ective, and (2) even the most cooperative child may not 
receive adequate amounts of medication by metered-dose inhalers or dry-powder inhalers. In addition, the breath-
ing patterns of infants or children have a great eff ect on intrapulmonary deposition of medication. Nebulizers may 
thus be more eff ective in children with tachypnea and cough in the setting of an acute asthma attack.

CYSTIC FIBROSIS
Cystic fi brosis (CF) is a chronic, multisystem, and lethal recessive disorder that results from defective epithelial chlo-
ride transport with major manifestations aff ecting the respiratory, gastrointestinal (GI), and reproductive systems. Th e 
primary morbidity results from progressive obstructive lung disease. In addition, a very large percentage of patients 
with CF have pancreatic insuffi  ciency, which manifests as malabsorption and insulin  defi ciency. Nearly 100% of af-
fected patients also have chronic sinusitis and nasal polyposis. Male infertility results from congenital bilateral absence 
or eventual obstruction and scarring of the vas deferens. Other less common  problems  encountered in patients with 
CF include cirrhosis of the liver, cholelithiasis, recurrent pancreatitis,  gastroesophageal refl ux, and GI hypomotility.

In the past, the prognosis in patients with CF was quite grave, and most infants and children did not  survive past 
the age of 5 years. Due to the advent of supplemental enzymes to aid in food digestion and  absorption,  refi ned meth-
ods of chest physiotherapy, and improved antibiotics, the median survival age for individuals with CF in the United 
States is now approximately 38 years. Associated symptoms and the rate of decline in  pulmonary function vary widely 
in severity, and many patients are now living into their 40s and 50s. It is  diffi  cult to predict the life expectancy of a 
child born in 2010 with CF because of the time delay of the impact of changes in therapy on life expectancy.

Pathophysiology
CF is inherited in an autosomal recessive pattern; both parents are usually asymptomatic carriers of the gene 
mutation. Th e most common lethal genetic disease aff ecting Caucasians, CF has an incidence of  approximately 
1 in 3000 live births, with a corresponding carrier frequency of 1 in 40. In Mexican Americans, the incidence 
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is approximately 1 in 9,000 live births. In African Americans, the incidence is  approximately 1 in 15,000. CF is 
rarer (1 in 45,000 live births) in persons of Native African or Asian descent.

Mutations in the CF transmembrane conductance regulator (CFTR), located on chromosome 7, are 
 responsible for CF. Th e gene, which was cloned in 1989, is quite large, containing over 250,000 base pairs; it 
encodes a chloride channel protein of 1,480 amino acids. To date, scientists have identifi ed over 1,500  mutations 
and over 200 polymorphisms. Th e �F508 mutation is a three-base pair deletion that results in deletion of 
a phenylalanine at position 508 of the protein. Th is mutation, which most commonly occurs in persons of 
 Anglo-Saxon descent, is found in approximately 75% of patients with CF. Th e large number of mutations 
 described so far limits the usefulness of DNA analysis as a screening test for CF.

Some CFTR mutations are associated with more severe disease expression than others, and �F508 is one 
of the mutations most commonly associated with the “severe” phenotype. Conversely, patients with mutations 
correlated with normal pancreatic function tend to have a “milder” CF phenotype. Although there is a correla-
tion between genotype and pancreatic status, there is no correlation between specifi c mutations and pulmonary 
phenotype, implying the presence of modifi er genes that impact on the expression of the disease.

In CF, the characteristic defect involves a reduced ability of epithelial cells in the airways and pancreas to 
secrete chloride in response to cAMP-mediated agonists. Th e decrease in chloride secretion into the airway leads 
to decreased fl uid in the airways, which is thought to lead to relatively dehydrated respiratory (and intestinal) se-
cretions, abnormal mucociliary clearance, and eventually, lung disease. Th e exact pathophysiologic mechanism of 
altered ion and water transport across the epithelia of these organs is not completely known, and the understanding 
of how CFTR dysfunction leads to organ dysfunction is a matter of much debate. Whatever the mechanism is, it is 
clear that the CFTR defect eventually leads to infl ammation and chronic obstruction of the lungs (Figure 18-6).

Colonization with certain strains of bacteria, usually Staphylococcus aureus, Haemophilus infl uenzae, and 

Pseudomonas aeruginosa eventually occurs in CF. Scientists believe that bacterial colonization is due to  increased 
adherence of these organisms to the airway epithelia. Colonization with S. aureus and H. infl uenzae is common 
in infants and younger children with CF. P. aeruginosa colonizes approximately 75% of children by 10 years of 
age. After colonization with P. aeruginosa, lung function deteriorates more rapidly.

Another classic pathologic feature of the CF airway is the infi ltration of infl ammatory cells into the  airways, 
even in early lung disease and in patients who are not yet colonized by bacteria. Neutrophil elastase  appears to 
be a major player in the pathogenesis of cystic and bronchiectatic changes.

Clinical and Laboratory Evaluation
History

CF has many clinical manifestations (Table 18-20). Meconium ileus of the newborn is the most  common mani-
festation in infants. Respiratory symptomatology becomes the more common presenting sign in older infants, 
toddlers, and children with CF.

Intestinal obstruction is common in patients with CF. Meconium ileus is a presenting sign in about 20% 
of infants with CF immediately after birth and may lead to intestinal perforation. In older patients, a meconium 
ileus “equivalent” syndrome results in distal intestinal obstruction due to the bulkiness of the stools. Episodes of 
rectal prolapse occur because of this condition and should serve as a “red fl ag” for the practitioner. Th e incidence 
of intussusception is high for this reason as well. Children with a history of slow growth or failure to thrive, even 
in the absence of respiratory problems, should also be evaluated for CF.

Physical Examination

Some of the many fi ndings discovered by the physical examination in CF are “classic,” and their presence may 
be a strong indication for CF testing. Children with CF are frequently at the 25th percentile on growth charts. 
However, it is important to note that 20% of children with CF have normal pancreatic function for the fi rst 
5 years of life, and therefore, may not present initially with failure to thrive.

Physical examination in children with CF should begin with the head—the nose in particular. Virtually 
all patients with the disease have infl amed erythematous nasal mucosa. One of the most classic fi ndings is nasal 
polyps, which are often growing from the epithelium of the nasal turbinates. Th ese opaque-white structures are 
composed of mucus-secreting epithelium and glisten in the light of the otoscope. Th ey are similar to a small 
bunch of grapes in appearance.

Although sinusitis and rhinitis are universal, signs such as pain to palpation or frequent headaches are most 
often absent. In addition, the maxillary sinuses of aff ected patients are small, and the frontal sinuses often are 
hypoplastic or completely absent. If this is evident on a sinus CT, it is nearly always an indication of CF.
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Th e examination of the chest in patients with moderate or severe disease may reveal signs of air trapping, 
including the use of the suprasternal accessory muscles of respiration, some bowing of the sternum, or kyphosis 
of the superior thoracic spine, which all cause an evident increase from the normal anterior–posterior dimension 
of the chest. Crackles and wheezes are not unusual, but in infants, the most common fi nding is only wheezing 
or a slightly prolonged expiratory phase.

Examination of the abdomen may reveal the presence of fi rm but ill-defi ned stool masses in the colon. 
Hepatomegaly is rare, but splenomegaly may be present in patients with signifi cant biliary cirrhosis. Palpation 
of the spermatic cord in boys may reveal the absence of the vas deferens.

Th e fi ngers and toes show changes associated with clubbing early in the disease process. Th ere are four 
grades of clubbing (Table 18-21). Signs such as cardiac abnormalities consistent with cor pulmonale are rare.

Pathogenesis of CF lung disease

CFTR defect

Bacterial
colonization

Airway
inflammation

Respiratory
failure

Dehydration of secretions 

Increased airway
mucus volume 

Altered flow of ions and 
water across epithelium 

Enhanced secretion by
goblet cells and glands 

Impaired mucociliary
clearance

Altered vicsoelastic
properties of mucus

Increased DNA
in secretions

Impaired
ciliary beat

Impaired clearance
of bacteria

Elevated neutrophil
elastase

Destruction of 
structural integrity

Bronchiectasis

Induction of IL-8

FIGURE 18-6. Pathogenesis of lung disease in cystic fi brosis. Airway secretions, being dehydrated and viscous, obstruct the 
airway. Pathologic changes include infl ammatory cell infi ltration of the airways, goblet cell hyperplasia, and submucosal gland 
hypertrophy. Bacterial colonization may occur. Chronic infection and infl ammation leads to bronchiectasis and peribronchial 
fi brosis. Mucociliary clearance is also greatly impaired. CFTR, cystic fi brosis transmembrane conductance regulator; IL-8, 
interleukin 8. From Taussig L, Laundau L, LeSouef P, et al (eds): Pediatric Respiratory Medicine, St. Louis, Mosby, 1999.
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 TABLE 18-20

Clinical Manifestations and Treatment of Cystic Fibrosis

Symptom Treatment

Upper Respiratory Tract

Nasal polyposis Nasal saline rinses, topical corticosteroid, polypectomy

Sinusitis Maxillary antrostomy and ethmoidectomy, antibiotic fl ushes

Pulmonary

Bronchiolitis, bronchiectasis ICS, high-dose ibuprofen, chest physiotherapy, oral corticosteroids, 
 antibiotic

Atelectasis Chest physiotherapy, ICS, antibiotic, oral corticosteroids

Bronchitis Chest physiotherapy, antibiotic, ICS, oral corticosteroids, mucolytics

Hemoptysis Arterial embolization, transfusion

Pneumothorax Chest tube, fi brin glue, surgical stapling, pleurodesis

Pneumonia Intravenous, inhaled, or oral antibiotic, chest physiotherapy

Reactive airway disease ICS, oral corticosteroids, 	-agonist, anticholinergic agents

Respiratory failure Oxygen, noninvasive mechanical ventilation, endotracheal intubation
with mechanical ventilation, lung transplant

Gastrointestinal

Gastroesophageal refl ux Antacid, intestinal prokinetic agent, fundoplication

Intussusception N-acetylcysteine enema, Gastrografi n, or hypaque enema, surgery

Meconium ileus N-acetylcysteine by nasogastric tube, lactulose, surgery

Meconium ileus equivalent 
(distal intestinal obstruction 
syndrome)

N-acetylcysteine by nasogastric tube, lactulose, laxative, hypaque enema

Pancreatic exocrine defi ciency Pancreatic enzyme replacement, antacid, gastrointestinal promotility 
agents

Pancreatitis NPO, fl uid, low-fat diet, surgery

Peptic ulcer disease Antacid

Rectal prolapse Enhanced nutrition and optimized pancreatic enzyme replacement, 
 surgical treatment rarely necessary

Hepatobiliary

Cholecystitis Antibiotic therapy

Cholelithiasis Ursodeoxycholic acid, cholecystectomy

Cholestasis Ursodeoxycholic acid, pancreatic enzyme, gastrointestinal prokinetic agent

Cirrhosis/portal hypertension Liver transplant, lactulose, ursodeoxycholic acid, splenectomy

Nutritional/Metabolic

Diabetes mellitus Insulin, oral hypoglycemics

Hypoprothrombinemia Vitamin K

Iron defi ciency anemia Iron
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Laboratory Evaluation

Newborn Screening. Screening for CF at the time of birth has led to early identifi cation of CF with a resul-
tant positive  impact on the nutritional status of young children with CF. Beginning in August of 2007, the 
California legislature mandated the addition of testing for CF with the measurement of serum immunoreac-
tive trypsinogen (IRT) to the newborn screening panel. By 2010, all 50 states will have implemented newborn 
 screening programs for early detection of CF. Most states utilize the following four-step screening algorithm to 
potentially identify CF in newborn infants. All newborn blood spots are tested for IRT at the regional Neona-
tal and Prenatal Screening laboratory (step one). Newborns with values in the top 2.2% of the IRT distribution 
(n about 11,844 per year) will have their blood spots tested at a designated core facility for genetic testing. 

 TABLE 18-20

Clinical Manifestations and Treatment of Cystic Fibrosis (Continued)Cllinicall Maniffestations andd Treatment off Cystic Fibbrosis (Continuedd)Clinical Manifestations and Treatment of Cystic Fibrosis (Continued)
Symptom Treatment

Salt depletion syndrome High-salt diet, liquid intake

Protein-calorie malnutrition High-calorie, high-protein diet with pancreatic enzyme replacement 
therapy

Vitamin A defi ciency 5,000–10,000 IU/wk supplement

Vitamin E defi ciency 400–800 IU/day supplement

Failure to thrive Nutritional support, pancreatic enzyme, intravenous lipids

Malnutrition Nutritional support, pancreatic enzyme

Growth retardation Nutritional support, pancreatic enzyme

Osteoporosis Calcium replacement, pamidronate, high-dose vitamin D replacement

Miscellaneous

Arthritis/arthropathy Analgesics, pamidronate

Clubbing of the digits

Absence of the vas deferens

Decreased female fertility

Delayed puberty

Erythema nodosum Oral corticosteroid therapy

ICS, inhaled corticosteroid; NPO, nothing by mouth. 

 TABLE 18-21

Stages of Clubbing

Stage Description

0 Normal

1� Obliteration of notch at fi ngernail cuticle

2� Slight rounding of base of nail

3� Involvement of soft tissues of fi nger pad

4� Most extreme amount of clubbing, described as a “parrot’s beak”
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In  California, 38 diff erent CFTR mutations are tested. Th ese include the four most common mutations detected 
in the Hispanic population (step two). Newborns with low IRT values or zero mutations are deemed to be screen 
negative for CF (n � 539,882). Th ose with one mutation found (n about 876 per year) will have one of their existing 
fi lter paper blood spots sent to Ambry Genetics for more sophisticated testing using DNA sequencing methods 
capable of detecting over 98% of all CFTR mutations (step three). Newborns with two or more mutations identifi ed 
are screened positive for CF (n about 104 per year), and in conjunction with the newborn’s primary care provider, will 
be referred to a Cystic Fibrosis Special Care Center for a diagnostic work up and sweat chloride test (step four).

By this algorithm and the cut-off  for elevated IRT, it is calculated that of the 78 new CF cases are expected 
to occur each year, based on population demographics, and that 75 will be correctly identifi ed, giving a 96% 
sensitivity to the screen.

Serum for CF DNA. As stated previously, in general, this is a less sensitive test than the sweat test in many popu-
lations, due to the fact that the panel of mutations that are routinely checked at the Stanford Clinical laboratory 
includes 24 of the most common mutations known for the Caucasian population and adds 5 more thought to 
be more common in the Hispanic population. Th is takes about 7 days to return.

Many more mutations exist, and it is not uncommon to receive a result that identifi es only one CF  mutation. 
Th is DOES NOT exclude CF from the diff erential. More extensive genetic analysis can be obtained from 
 Ambry Genetics, a laboratory that sequences nearly the entire CF genome of samples. Th is may be requested as 
the initial DNA analysis for patients with diff erent ethnic backgrounds than Northern European Caucasians. 
Th is takes about 14 to 21 days to return.

Stool Elastase Quantifi cation. A small amount of stool may be obtained and sent for elastase  quantifi cation. 
Th e lower limit of normal that is selected to be the most sensitive and specifi c for true pancreatic exocrine 
 insuffi  ciency is 200 mcg/gm stool.

Sweat Test. Th e gold standard for diagnosis of CF is the sweat test or pilocarpine iontophoresis test. Because CF  aff ects 
the sweat glands, aff ected patients are less able to reabsorb chloride from sweat than normal individuals. Th is leads to 
a very high level of chloride in the sweat and a reliable method of diagnosis. Premature infants lack fully developed, 
mature sweat glands, but usually by the time a term infant is 9 weeks of age, the test can be performed successfully.

Pediatric Pearl: False-positive sweat tests do occur. Causes include adrenal insuffi ciency, 
ectodermal dysplasia, nephrogenic diabetes insipidus, glycogen storage disease type 1, an-
orexia nervosa, hypoparathyroidism, familial cholestatic syndromes, malnutrition, hypothy-
roidism, mucopolysaccharidoses, and fucosidosis.

Pe
ec
or

Management
Th e management of patients with CF can be very complicated because of the multisystem involvement and 
a high frequency of complications. For these reasons, a comprehensive and intensive therapeutic program is 
 essential. A physician experienced in CF and its manifestations should follow all aff ected patients at intervals 
of 2 to 3 months. A team approach, including nursing, nutrition, physical therapy, respiratory therapy, and 
 counseling personnel, is most benefi cial. A variety of therapeutic measures are useful (see Table 18-20).

Treatment of Pulmonary Problems

Treatment of pulmonary complications of CF, which occurs on a daily basis, focuses on clearance of excess mucus 
from the tracheobronchial tree. Th ere are several modes of clearance: fl utter device, positive  expiratory pressure 
device, manual chest physiotherapy, intrapulmonary percussive ventilation, percussion vest,  active cycle of breath-
ing, and autogenic drainage. With the exception of autogenic drainage, these are forms of  airway  clearance that 
achieve airway clearance maneuvers with the use of mechanical devices. No studies have found that one particular 
method provides more optimal clearance than the others, and individual patients have  diff erent experiences with 
each of the diff erent modes. Clinicians should educate patients about the importance of daily clearance of mucus 
and expect them to perform twice-daily airway clearance sessions once a mode of treatment has been selected.

It is necessary to use aggressive antibiotic therapy when patients begin to experience signs and symptoms of a 
pulmonary exacerbation—a characteristic slow deterioration of pulmonary function that usually  presents as an increase 
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in baseline cough, sputum production, wheezing, crackles, and weight loss. When available, the  patient’s most recent 
sputum or throat culture guides antibiotic therapy. A recent addition to the routine  regimen for patients colonized with 
P. aeruginosa has been twice-daily dosing with inhaled tobramycin, given for 28-day cycles every other month.

If hospitalization for CF-associated pneumonia is necessary, double antibiotic therapy is used in the 
 treatment of a gram-negative bacillus such as P. aeruginosa to achieve a synergistic bactericidal eff ect. Th e most 
common antibiotic regimens use an aminoglycoside, such as tobramycin, combined with a third-generation semi-
synthetic penicillin or a cephalosporin that has adequate antipseudomonal activity (ceftazidime or cefepime).

No clinical trials have found that corticosteroids are eff ective in slowing the rate of pulmonary deteriora-
tion in CF. Th ese agents do not diminish chronic airway infl ammation. However, nonsteroidal anti-infl amma-
tory drugs (NSAIDs) appear to slow the progression of lung disease signifi cantly. Some patients with CF who 
are older than 5 years of age have received high-dose ibuprofen as an addition to their daily drug regimen. Doses 
are 20 to 30 mg/kg/dose twice daily.

Azithromycin is recommended as therapy for CF patients with chronic Pseudomonas aeruginosa  infection. In a 
randomized, controlled trial with CF patients over 6 months, the results demonstrated that the  azithromycin group 
had a signifi cant increase in FEV

1
. In addition, the subjects in the azithromycin group had less risk of  experiencing 

an exacerbation than participants in the placebo group and weighed an average of 0.7 kg more at the end of the 
study than participants receiving placebo. Th ese fi ndings have led to the routine treatment with azithromycin for 
patients with CF who are 6 years or older and chronically infected with P. aeruginosa. In a  multicenter, randomized, 
double-blind placebo-controlled trial was conducted in the United States and Canada with 260 patients ages 6 
to 18 years and negative respiratory tract cultures for P. aeruginosa for at least 1 year. Th e primary outcome was a 
change in FEV

1
. Exploratory outcomes included additional pulmonary function end points, pulmonary exacerba-

tions, changes in weight and height, new use of antibiotics, and hospitalizations. Changes in lung function and 
microbiology as well as adverse events were monitored. None of the exploratory pulmonary function end points 
were signifi cantly improved statistically. But, the incidence of pulmonary exacerbations was signifi cantly lower in 
the azithromycin group compared to the placebo group. Additionally, participants in the azithromycin group had 
an increase in body weight of 0.58 kg compared with placebo participants. Participants in the azithromycin group 
had less of a cough and a less productive cough compared with placebo participants.

Because of the high concentration of DNA released from dead leukocytes, the sputum of patients with CF 
is more abundant and has increased viscosity. Recombinant human DNAse (rhDNAse) is eff ective at decreasing 
sputum viscosity, increasing expectorated quantity, and minimizing the number of pulmonary exacerbations.

In most patients with CF who have severe, end-stage lung disease, lung transplantation is an option. Since 
1985, more than 750 patients with CF in the United States have undergone lung transplantation. Th e 2-year 
survival rate is approximately 65%. Th e survival rate of CF patients after transplant is no diff erent than for 
 non-CF patients who undergo heart–lung or double-lung transplantation.

Treatment of Gastrointestinal Problems

GI symptomatology is typical in patients with CF. However, treatment with oral pancreatic enzyme replace-
ment therapy is often all that is needed to improve and maintain adequate nutritional status and minimize 
malabsorption, steatorrhea, constipation, and diarrhea. Pancreatic enzymes are available in many forms (e.g., 
powder, capsule, gel). Most patients are maintained on lipase 500 to 5,000 U/kg/meal. Infants often require 
the powdered form added to their formula. Th e capsules contain small microencapsulated enzymes, which are 
protected from acid digestion in the stomach, and are most active in the duodenum and ileum, where the pH 
is alkaline. Because patients with CF tend to be pancreatic insuffi  cient, they may require concomitant doses of 
antacid to maximize the activity of the pancreatic enzyme in the small intestine.

Treatment of Complications

hemoptysis. Patients often experience blood streaking of their sputum, which is probably due to rupture of 
surface capillaries secondary to vigorous coughing. A larger danger exists if bleeding occurs due to erosion of a 
bronchus into a bronchial artery; this most often occurs in association with a pulmonary exacerbation. Massive 
hemoptysis, a serious complication in patients with advanced disease, results in signifi cant mortality. Although 
the condition occurs in less than 10% of adults and rarely in children, an estimated 1% of all patients with CF 
die from massive hemoptysis. Th e majority of patients who experience this complication and survive will suff er 
a recurrence.

For signifi cant bleeding, a procedure known as arterial embolization is used to control the rupture. It in-
volves a procedure similar to cardiac catheterization, in which the femoral artery is entered and the catheter is 
passed up the aorta to the point of branching of the bronchial arteries. Abnormal arterialization to the lung from 
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the aorta, the internal thoracic artery, and the thyroid artery are most often the culprits; they can be embolized 
with fi brin beads or springs placed in the blood vessel.
pneumothorax. Pneumothorax, which occurs in 8% to 23% of older patients with CF, may aff ect children with 
severe disease. Th e mortality rate is about 4%, and the recurrence rate is 50% to 70%. Rupture of subpleural blebs 
is the progenitor of pneumothorax in most patients.

Treatment for pneumothorax varies. If the area is small and the patient is stable, treatment with 100% 
oxygen by mask is preferred. However, a bronchopleural fi stula may persist, and treatment with fi brin glue to 
obliterate the pleural space may be necessary. Partial pleurectomy has the highest success rate, but if the patient 
is a lung transplant candidate, intercostal drainage, chemical pleurodesis, ligation of bullae, or limited surgical 
pleurodesis should be performed in preference to pleurectomy.
respiratory failure and cor pulmonale. Hypertrophy of the right ventricle is common in adults with 
 severe CF. However, progression to overt cardiac failure is not, and once it develops, survival time is short. Before 
cor pulmonale develops, oxygen therapy may begin, initially for nocturnal use.

Intubation and mechanical ventilation are considered futile in most patients with severe lung dysfunction 
unless there is an acute reversible problem (e.g., hemoptysis, pneumothorax); after its resolution, removal of the 
mechanical ventilation may occur. However, nasal mechanical ventilation with bilevel positive airway pressure 
supports many patients nocturnally or as a bridge to eventual lung transplantation.

BRONCHOPULMONARY DYSPLASIA/CHRONIC LUNG DISEASE
Previous clinical observations and investigations suggest that bronchopulmonary dysplasia (BPD) is the  chronic phase 
of neonatal lung damage caused by oxidant injury and barotrauma in susceptible premature infants. Over 30 years ago, 
BPD was described as a progression of characteristic radiographic fi ndings that correlate with pathologic changes of 
acute and chronic infl ammation, fi brosis, and bronchial smooth muscle hypertrophy in premature respiratory- dependent 
infants. Despite the improved survival of extremely low birth weight infants (less than 1,000 g) since the introduction 
of exogenous surfactant, BPD remains a major cause of morbidity in neonatal intensive care units (NICUs).

Th e "classic" BPD described by Northway in 1967 has now been replaced by less severe forms of "new" 
BPD, which are infrequently found in patients �30 weeks of gestation and birth weights �1200 grams. In a 
recent study, where BPD was defi ned as oxygen need at 36 weeks post menstrual age, the incidence was 52% in 
infants with birth weights of 50l to 750g, 34% in infants with birth weights of 751 to 1000g, 15% in infants with 
birth weights of 100l to 1200g, and 7% in infants with birth weights of 1201 to 1500g.

Th e pathology of the BPD lung from the pre-surfactant era was characterized by the presence of severe airway 
injury, infl ammation and parenchymal fi brosis and marked heterogeneity in lung pathology with severe alveolar 
septal fi brosis in some areas and presence of normally infl ated and/or hyperinfi ated lung in the adjacent lobules. 
Pathological fi ndings of the "new" BPD lung reveal more uniform infl ation and less marked fi brosis and absence 
airway epithelial metaplasia, smooth muscle hypertrophy and fi brosis, as compared to lungs of infants with "classic" 
BPD. New BPD is characterized by arrest of acinar development, resulting in decrease in alveolar number and a 
decrease in the arterial count with normal alveolar/arterial ratio regardless of whether the patients are treated with 
surfactant (Table 18-22).

 TABLE 18-22

Diagnostic Criteria for BPD

MILD 
Supplemental 02 
(for 28 days) and

MODERATE 
Supplemental 02 
(for 28 days) and

SEVERE 
Supplemental 02 
(for 28 days) and

� 32 weeks GA at birth RA at 36 weeks 
 corrected GA or at 
discharge

�0.3 Fi02 at 36 weeks 
corrected GA or at 
discharge

�0.3 Fi02 �� positive 
pressure support at 
36 weeks corrected 
GA or at discharge

� 32 weeks GA at birth RA by postnatal day 56 
or at discharge

�0.3 Fi02 by postnatal 
day 56 or at discharge

�0.3 Fi02 �� positive 
pressure discharge 56 or 
at discharge
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Diagnosis
Th e term chronic lung disease (CLD) refers to the complex interaction of antenatal and postnatal factors that 
lead to ongoing symptomatology and the need for treatment for respiratory problems in infants. CLD describes 
a wide variety of disorders that aff ect the upper and lower respiratory tract, including BPD.

CLD is frequently accompanied by other disorders, such as cardiovascular problems, gastroesophageal 
refl ux, congenital anomalies, growth impairment and nutritional diffi  culty, and sensory and neurodevelopmental 
handicaps. Th e pediatrician must follow these conditions closely. It is important to realize that many aff ected 
infants will require ongoing respiratory treatment for the fi rst 2 years of life, if not longer.

A large proportion of children with CLD have concomitant reactive airways disease. Bronchodilators  improve 
gas exchange and decrease the resistance of the airways such that the work of breathing is reduced after broncho-
dilator administration. Anti-infl ammatory agents such as inhaled corticosteroids (see Asthma) are also commonly 
used as a means to decrease airway reactivity and also to hasten the resolution of infl ammatory status of the airway 
epithelium and to avoid fi brotic remodeling of the airways. No controlled trials have  demonstrated that long-term 
use of corticosteroids leads to an improvement in pulmonary function in older children or adults.

In CLD, there is evidence of a disturbance in water balance and chronic peribronchiolar edema. Diuretics 
are frequently used to decrease interstitial fl uid, increase pulmonary compliance, and minimize small airway 
obstruction. However, there is no convincing evidence that this medication is eff ective for long periods of time, 
and infants are often allowed to “outgrow” their disease after they are discharged from the NICU.

Management
Adequate oxygenation is the cornerstone of CLD management. However, controversy exists about how 
low  oxygen levels should be before infants are considered hypoxic, and thus, what PaO

2
 level to attain once 

 supplemental oxygen is prescribed. Chronically hypoxemic children exhibit growth failure, and developmental 
delays, and they may have pulmonary hypertension. Too much oxygen promotes the formation of oxygen radi-
cals in airways where an infl ammatory process is occurring, which leads to poor lung function in the long run.

APNEA AND THE CONTROL OF BREATHING
Th e problem of infantile apnea is diffi  cult for pediatricians; it is impossible to establish an underlying cause in many 
cases. Parents want to be reassured that their child is not at risk for sudden infant death syndrome (SIDS; crib death). 
Unfortunately, no predictive tools are available to assess the risk of SIDS in any individual infant. In this  section, 
SIDS will be discussed, and the approach to the conditions of apnea of infancy and apparent life-threatening event 
(ALTE) will also be addressed. Each of these terms has a particular meaning for pediatricians (Table 18-23).

SUDDEN INFANT DEATH SYNDROME
SIDS is the sudden death of an infant younger than 1 year of age that remains unexplained after completion 
of a postmortem investigation, including an autopsy, examination of the scene of death, and review of the 
clinical history. In 1998, SIDS was the third leading cause of infant mortality (8.9%) in the United States after 
 congenital anomalies (22%) and short gestation/low birth weight (14%).

Deaths from SIDS follow a recognizable epidemiologic pattern. Th ey are most likely to occur in the 
colder months and in the second to fourth months of life. Th e risk for SIDS in siblings of SIDS victims is 
 approximately four times greater than in the general population. Th e rates of SIDS in the United States are 
higher for African American infants than for Caucasian, Hispanic, and Asian infants.

In California, SIDS-related public health measures were initiated during the early 1990s. To help 
 standardize the diagnosis of SIDS, autopsy and death scene protocols, including medical history, were developed 
by an expert committee and implemented after legislative mandate.

Pathophysiology
No single mechanism for SIDS has been established. It is likely that several distinct pathophysiologic  mechanisms 
may contribute to SIDS. A brainstem abnormality related to neuroregulation of cardiorespiratory or other 
 autonomic functions is a compelling hypothesis that is currently being investigated. Autopsy studies indicating 
preexisting, chronic, low-grade hypoxemia attributed to sleep-related hypoventilation support this hypothesis. 
Environmental factors associated with an increased risk for SIDS include prone positioning for sleep, exposure 
to cigarette smoke during gestation or after birth, overheating, and not breast-feeding.
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Clinical Evaluation
No autopsy fi nding is pathognomonic for SIDS, and no fi nding is required for the diagnosis. However, some 
features are common to many victims. Petechial hemorrhages are found in more than 70% to 90% of cases. 
Pulmonary edema is often found, and it may be substantial. Some unexpected deaths may be “misdiagnosed” 
as pneumonia or other natural conditions based on minimal fi ndings at autopsy that are insuffi  cient to explain 
sudden death; this relates to the lack of uniform criteria among pathologists.

Management
Th e American Academy of Pediatrics (AAP) Task Force on Infant Positioning and SIDS issued its fi rst recommenda-
tion on the nonprone positioning of infants in June 1992, the “Back to Sleep” program. Public education campaigns 
focused on reduction of environmental risk factors for SIDS such as prone positioning and exposure to cigarette smoke. 
Changes in the rate and epidemiologic patterns of SIDS in California from 1990 to 1995 demonstrated drastic chang-
es in the patterns of SIDS. Th e SIDS postneonatal mortality rate declined 38.9% from 118 deaths/100,000 live births 
in 1991 to 72/100,000 in 1996 (P � .001), thus indicating the impact of ongoing strategies to reduce SIDS mortality.

APPARENT LIFE-THREATENING EVENTS
ALTE, a term used to describe the clinical presentation of infants who have a seemingly life-threatening event, 
is not a diagnosis. Th e etiology is known in 49% to 62% of cases (Table 18-24). Having an ALTE is a risk 
factor for SIDS. However, less than 7% of SIDS victims have a prior history of ALTE. Infants who have 
experienced ALTE are at particular risk for SIDS, including those who have had repeated episodes requiring 
mouth- to-mouth resuscitation, especially if they are siblings of SIDS victims or have a seizure disorder.  Although 
the  reported recurrence rate for ALTE based on parental observation is 41% to 63%, recent data based on the 
 occurrence of actual events suggest that these values are overestimated. Th is lack of agreement between parental 
observation and recorded events underscores the diffi  culty in defi ning groups at risk for SIDS.

Pathophysiology
During active sleep, the tone of upper airway and intercostal muscles decreases, possibly leading to upper airway 
narrowing or closure. Increased resistance to airfl ow and hypoventilation may result. Reduction in tone of upper 

 TABLE 18-23

Disorders of Control of Breathing
Condition Defi nition

Apnea Cessation of airfl ow
Central (no respiratory eff ort) or obstructive
May be normal at all ages (short [�15 seconds])

Periodic breathing Th ree or more respiratory pauses of �3 seconds with �20 seconds of respiration 
between pauses
May be normal

ALTE Episode that is frightening to observer; characterized by some combination of 
apnea, color change, marked change in muscle tone, choking, or gagging
In some cases, fear the infant has died

Apnea in infancy Unexplained episode of apnea (�20 seconds) or shorter respiratory pause 
 associated with bradycardia, cyanosis, pallor, and/or marked hypotonia
Infants in whom no specifi c cause for an ALTE can be identifi ed

SIDS Sudden death that is unexplained by history; thorough postmortem evaluation 
fails to demonstrate adequate cause of death

ALTE, apparent life-threatening event; SIDS, sudden infant death syndrome.

From Consensus Statement: National Institute of Health Consensus Development Conference on Infantile Apnea and 

Home Monitoring, Sept. 29–Oct. 1, 1986. Pediatrics, 79:292, 1987.
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airway and intercostal muscles may lead to severe reductions in FRC, providing a lower reserve of oxygen and 
putting the infant at risk for rapid development of hypoxemia during apnea.

Clinical and Laboratory Evaluation
History

Th e clinician must decide if an ALTE truly occurred and if an underlying condition caused the episode. 
Th e history obtained from the parents or caregiver is the most important part of the evaluation of an 

CNS, central nervous system; RSV, respiratory syncytial virus; TB, tuberculosis.

 TABLE 18-24

Differential Diagnosis of Apparent Life-Threatening Event (ALTE)

Normal Events

Periodic breathing

Infection

TB

Sepsis

Meningitis

RSV

Pertussis

Chronic Conditions

Gastroesophageal
 Refl ux/Aspiration

Seizures (cause vs. eff ect)

Cardiac disease
 Cardiomyopathy
 Arrhythmia
 Prolonged QT syndrome

Upper airway obstruction

Metabolic (rare cause)

CNS
 Tumor
 Structural lesion (i.e., Arnold-Chiari II), central hypoventilation

Anemia (premature infants)

Vasovagal
 Breath-holding spell

Miscellaneous
 Suff ocation
 Medication eff ect
 Accidents
 Munchausen by proxy

Apnea of Infancy

Idiopathic (diagnosis of exclusion)
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infant who presents with ALTE. Th e infant’s state of consciousness (i.e., asleep or awake) at the time of 
the event should be ascertained. Awake events are atypical for apnea of infancy and suggest other causes. 
Th e timing of feeding in relation to the event is important. Any evidence of prior sleep disturbance, noisy 
breathing, or feeding diffi  culties is noteworthy. Vomiting or choking suggests gastroesophageal reflux or 
aspiration. Noisy respirations suggest upper airway obstruction. Abnormal movement or rigidity suggests 
the occurrence of a seizure. A seizure may be the cause of the ALTE, or it may be secondary to prolonged 
hypoxemia. Th e duration of the episode and any change in skin color (e.g., pallor, cyanosis) or muscle tone 
are important.

A history of recent illness suggests infection as the cause of the event. Th e type of intervention (stimulation 
versus resuscitation) and the time to recovery give clues as to the severity of the event. Repeat events always in 
the presence of the same witness may suggest a diagnosis of Munchausen syndrome by proxy. A perinatal his-
tory of asphyxia or sepsis is frequently seen in ALTE of neurologic origin. Any medications given to the infant 
should be noted. A family history of unexplained deaths or syncopal episodes warrants consideration of rare 
metabolic disorders (especially if occurring outside the normal age range for SIDS), seizure disorders, cardiac 
rhythm disturbances, or child abuse.

Physical Examination

It is important to note the temperature, cardiac and respiratory rate, and rhythm. Th e pediatrician should look 
for features that might indicate increased risk for upper airway obstruction such as micrognathia, Pierre Robin 
syndrome, midface hypoplasia, and large tonsils and adenoids. Th e rate and depth of breathing, retractions, or 
unusual pauses are noteworthy. Signs of upper and lower respiratory tract infection should be noted. Respiratory 
syncytial virus (RSV) is frequently a cause of apnea in infants. A careful cardiac, neurologic, and developmental 
assessment is mandatory.

Laboratory Evaluation

For patients whose history does not suggest a signifi cant event, a limited diagnostic evaluation is warranted 
(Table 18-25). A bicarbonate level should be obtained as soon as possible after the event; a low value sug-
gests a signifi cant insult. Th e clinician may obtain additional studies according to the index of suspicion 
(Table 18-26).

 TABLE 18-25

Laboratory Evaluation of Apparent Life-Threatening Event (ALTE)

Test Comments

CBC, hematocrit Low hematocrit (anemia), high WBC count (infection)

Bicarbonate Low: signifi cant event
High: chronic hypoventilation

Electrolytes Low yield

Calcium Low yield

Glucose Low yield

Cultures (blood, urine, CSF) Positive culture: infection

Chest radiograph Infection, aspiration, cardiomegaly

ECG Dysrhythmia, prolonged QT interval

EEG (for seizure) Spike-wave pattern

pH probe (for gastroesophageal refl ux) Abnormal values, which diff er depending on the age of infant

Nasopharyngeal swab for DVE Rapid detection of RSV, infl uenza A and B, parainfl uenza

CBC, complete blood count; CSF, cerebrospinal fl uid; DVE, direct viral examination; ECG, electrocardiogram; EEG, 

electroencephalogram; RSV, respiratory syncytial virus; WBC, white blood cell.
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Management
Infants who present after having a signifi cant ALTE should be hospitalized for at least 48 hours for diagnostic 
evaluation and cardiorespiratory monitoring. After testing is complete (see Laboratory Evaluation), it is necessary 
to decide whether home monitoring or pharmacologic therapy is appropriate. Specifi c causes of ALTE require 
treatment. However, it should not be assumed that identifi cation of a cause eliminates future risk. Pneumograms 
should not be used as a screening tool to determine future risk as normal pneumograms do not imply the absence 
of risk for SIDS. Th e National Institutes of Health recommends monitoring for the following groups of patients: 
(1) infants who have had one or more severe ALTEs requiring mouth-to-mouth resuscitation or vigorous stimula-
tion, (2) siblings of two or more SIDS victims, and (3) infants with central hypoventilation. Monitoring may be 
considered on an individual basis for siblings of one SIDS victim and infants with less severe ALTE episodes.

Because of the low incidence of SIDS and the low incidence of ALTE in infants who subsequently die of SIDS, 
it is diffi  cult to demonstrate the eff ectiveness of monitoring in preventing SIDS. Th e decision to monitor an infant 
at home requires multiple support systems to be in place, including nursing and physician support,  psychosocial 
support, and periodic visits from the supplier to inspect the equipment. Patients are not discharged from the hos-
pital until all caretakers can eff ectively perform cardiopulmonary resuscitation. Parents must understand that home 
monitoring is not a guarantee against SIDS. Criteria for discontinuing monitoring include: (1) no event requiring 
vigorous stimulation or resuscitation in 2 to 3 months, (2) no observed prolonged apnea or bradycardia for 2 months, 
(3) no alarms with stress (i.e., upper respiratory infection, immunization), and (4) normal event recording.

SUGGESTED READINGS

 TABLE 18-26

Other Tests to Consider in Evaluating an Apparent Life-Threatening Event (ALTE)

Test Comments

Airway fi lms Adenoidal and tonsillar hypertrophy, subglottic stenosis

CT (head) Concussion, areas of bleeding, brainstem compression

Polysomnography Hypoventilation, abnormal periods of apnea, bradycardia

Metabolic workup Urine organic acids, serum long-chain fatty acids

Barium swallow Assessment for aspiration or tracheoesophageal fi stula

ECG Right ventricular hypertrophy, arrhythmias

Cranial ultrasound Bleeding, periventricular leukomalacia

Bronchoscopy Hemorrhage, culture of lavage fl uid, foreign body aspiration

CT, computed tomography; ECG, echocardiography.
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Neurology
Henry Hasson, Akila Venkataraman, Alfred J. Spiro, Barbara L. Trommer, and Steven G. Pavlakis

Infants, children, and adolescents often present to pediatricians with neurologic complaints. Here we discuss 
some of the more common neurologic conditions that might be encountered by the pediatrician.

THE FLOPPY INFANT
Hypotonia is a diminished resistance to passive movement around a joint. Floppiness and the degree of  hypotonia 
is a subjective determination. Hypotonia is an indication of low muscle tone, not strength. If there is associated 
weakness, this aids in the diff erential diagnosis.

Pathophysiology
Th e condition may result from varied lesions of the central nervous system (CNS) or peripheral nervous system 
(PNS). Th e CNS consists of brain and spine, and the PNS consists primarily of the motor unit, which includes 
the anterior horn cell, peripheral nerve, neuromuscular junction, and the muscle.

Hypotonia may be benign and familial with the infant ultimately developing normally. Benign familial hypotonia 
occurs in otherwise normal infants with a family history of hypotonia and is typically associated with late walkers.

Infants with hypotonia secondary to lesions of the motor unit have reduced strength, in addition to  hypotonia. 
An example of this includes infants with myopathy. Children with CNS-related hypotonia, in  contrast, may just 
have low tone usually without weakness. An example of this includes Down syndrome.  Hypotonia may also be 
found in infants with systemic disease such as sepsis and hyperbilirubinemia.

History
Hypotonia may be present from birth or may be acquired, may be static or progressive, and may aff ect only the 
legs, only the arms, or all limbs. Th e presence of asymmetries and weakness may be important. As an example, 
hypotonia that aff ects the legs more than the arms may be the result of a spinal cord lesion such as a neuro-
blastoma. Finally, symptoms of systemic illness or of a genetic syndrome need to be excluded. In the hypotonic 
infant, details of the pregnancy, including the mother’s perception of fetal movements, and information concern-
ing delivery, birth weight, and the presence of hyperbilirubinemia or neonatal seizures are important.

Family history with special emphasis on neuromuscular disorders is important. For example, most of the 
motor unit disorders in which fl oppiness or weakness are prominent are genetically determined. Benign familial 
hypotonia often has a family history consistent with the condition.

Physical Examination
Th e examination is helpful in localizing the cause of the fl oppiness. Th e fi rst step, before touching the child, is 
to simply look at the child from a distance. Th e fi rst item to be noted is the appearance of dysmorphic features. 
Th is can help determine whether there is an underlying syndrome. At this point one can assess for spontaneous 
movements and asymmetries that may point to generalized or focal weakness.

Th e head circumference of an infant needs to be plotted on an appropriate graph. If it exceeds the 95th 
percentile, the head circumference of both parents should be measured. If the head is very large or if there has 
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been an acceleration of head size, brain imaging needs to be considered. In contrast, if the child is microcepha-
lic this too points to a hypotonia of CNS origin. For example, autism and neurofi bromatosis are two static 
 conditions both of which are associated with relative macrocephaly. Large heads can also be associated with 
certain  progressive conditions such as Canavan and Alexander disease. 

Th e degree of hypotonia is subjective. If infants are weak as well as hypotonic, decreased spontaneous 
 movements or inability to move an extremity against gravity may be observed. Strength can be tested by 
 determining whether an infant can hold the head erect or pull the neck up in the traction response, roll over, 
sit up, crawl, or stand with support or independently at the appropriate time. If there is weakness in addition 
to hypotonia, this suggests a neurologic condition aff ecting the motor unit. Weakness associated with the CNS 
may occur but is often associated with abnormal refl exes or asymmetries.

Developmental assessment may be a source of information about the normalcy of gross and fi ne motor, lan-
guage, and social-adaptive milestones. In hypotonia due to cerebral lesions, a delay in cognitive  development often 
occurs, although motor system abnormalities may be the most obvious. Examination of the cranial nerves should 
focus on the extraocular muscles because certain disorders of the myoneural junction and rare  myopathies can 
cause abnormalities in eye movements, in addition to weakness. In infantile progressive spinal muscular  atrophy 
(SMA), the tongue (with the baby not crying) will have fasciculations (abnormal fi ring of muscle groups at rest).

Generally, deep tendon refl exes are maintained or are hyperactive in hypotonia of cerebral origin and 
 reduced or absent in most motor unit disorders.

Diagnostic Evaluation
In infants with dysmorphic features and hypotonia such as observed in Down syndrome, chromosomal studies might 
be diagnostic. If hypothyroidism is suspected, thyroid function studies are appropriate. In addition, one may consider 
lactate, pyruvate, ammonia, organic acids, and amino acids, if there is suspicion of a metabolic  disorder or progressive 
disease. Genetic studies (DNA testing to document a specifi c deletion on  chromosome 5) to confi rm a diagnosis of 
anterior horn cell disease in infants and children (SMA of varying types) are  available in specialized laboratories.

If the history and physical examination are suggestive of a cerebral lesion, an imaging study such as 
 magnetic resonance imaging (MRI) of the brain might be indicated.

Electrodiagnostic studies (e.g., EMG and nerve conduction) and muscle biopsy are useful procedures in 
 selected instances when noninvasive testing is not confi rmatory. Nerve conduction velocity determinations can 
usually document peripheral nerve disorders.

An edrophonium (Tensilon) test and specialized electrodiagnostic tests can be useful in a suspected  myoneural 
junction disorder such as myasthenia gravis. Muscle biopsy, using specialized analytical techniques, may be diagnostic 
when myopathy is suspected; serum muscle enzyme levels are often elevated in myopathies, especially in the dystrophies. 
Generalized hypotonia is often seen in other conditions with genetic testing such as Prader-Willi syndrome (chromo-
some 15). In fact, most genetic conditions with associated hypotonia have a predisposition to cognitive abnormalities.

Differential Diagnosis
First, one should consider a primary lesion outside of the nervous system.

Down syndrome infants are mildly to moderately fl oppy. In addition, they will have other  stigmata 
(see Chapter 11) characteristic of these babies. Infants with Prader–Willi syndrome are severely fl oppy 
and  obtunded early in infancy. Developmental retardation is noted in both conditions. Hypotonia due to 
 hypothyroidism is  associated with other signs of thyroid dysfunction. Previous magnesium sulfate therapy for 
toxemia in the mother may relate to hypermagnesemia in newborns by blocking neuromuscular transmission. 
Th e hypotonia, muscle weakness, and decreased refl exes in this situation are transient.

Hypoxic-ischemic encephalopathy and intraventricular hemorrhage are frequently associated with 
 hypotonia and, often, weakness. Th ese infants might develop features of cerebral palsy with spasticity or other 
neurologic manifestations later in infancy or early childhood.

In infantile SMA, type I (Werdnig-Hoff mann disease), infants are bright and alert as well as weak and 
fl oppy. Onset occurs in the fi rst 6 months of life, with arefl exia, normal central recognition of pain, relatively 
preserved diaphragmatic function versus chest wall weakness (paradoxical respirations), and fasciculations of the 
tongue. Inheritance is autosomal recessive. Th ere are more benign phenotypes of SMA with onset of symptoms 
sometimes occurring in childhood or even later. In all types of the disorder, cognition is normal. Th e disorder is 
now better defi ned with a mutation in chromosome 5 with associated mutations, which modify disease severity. 
Clinical trials are now underway, but there is as yet no proven therapy.
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Pediatric Pearl: In a fl oppy infant with normal cognition, absent deep tendon refl exes, and 
fasciculations of the tongue, SMA is the most likely diagnosis.
Pe
fas

Most peripheral neuropathies are hereditary sensorimotor neuropathies. Clinical manifestations are very 
rare in newborns but appear in childhood or later. Rare CNS disease such as the leukodystrophies (e.g., metach-
romatic leukodystrophy) are characterized by peripheral nerve involvement but are associated with  dementia 
and generally present in later childhood. Transient infantile myasthenia gravis is an autoimmune disorder that 
may occur in newborns of mothers with myasthenia gravis. Recovery from this disorder occurs within the 
fi rst few weeks, but some infants require therapy for only a few days. Often all that is required is supportive 
 treatment. Actively acquired autoimmune myasthenia gravis is very rare in infants but can be seen in older 
 children. Nonautoimmune myasthenic syndromes (congenital myasthenia gravis syndromes), in contrast to 
 transient  myasthenia gravis and botulism, are also rare.

Involvement of muscle (uncommon in infancy) or the nervous system is variable in  mitochondrial 
 encephalomyelopathies. Lactic acidemia is frequent, and the test for elevated serum lactate is useful for 
 screening. MRI may show specifi c patterns of basal ganglia abnormalities in infantile disorders such as Leigh 
disease.  Mitochondrial or nuclear DNA studies performed on blood samples can be useful in the diagnosis. 
Specialized studies on muscle mitochondria obtained from a skeletal muscle biopsy may also provide a specifi c 
diagnosis in selected cases, although are utilized less frequently because of advances in genetic testing.

Management
Specifi c therapy depends on diagnosis, but in general, it is essential to provide respiratory and nutritional 
 requirements and supportive therapy. Some neonates or infants require temporary ventilatory support and  gavage 
feedings or a feeding gastrostomy. Many disorders with hypotonia as a prominent feature are  genetically deter-
mined, which makes a diagnosis imperative, even if no therapy is available. In many instances, careful observation 
is the only necessary treatment because many children have no underlying cause and others have a benign course.

In cerebral disorders, physical, occupational, and language therapy may be appropriate. In infantile SMA, 
treatment is supportive. No specifi c medical therapy is available although some are under study.  Genetic 
 counseling is warranted because prenatal diagnosis is readily available if the parents desire. Neonates with 
 symptomatic transient myasthenia gravis may receive treatment with pyridostigmine (Mestinon). After several 
days the dose can be reduced or stopped and, if necessary, restarted. Prognosis is good and most patients do not 
require ongoing medication.

Most infants with myotonic dystrophy are developmentally delayed in all spheres. Supportive therapy, such 
as tube feeding and respiratory support, may be necessary. Genetic counseling is warranted because prenatal 
diagnosis is available if the parents desire it. Orthopedic surgeons should treat clubfoot. Th ere are no known 
treatments.

With congenital myopathies, genetic counseling is appropriate because many myopathies are hereditary, 
although prenatal diagnosis is not yet available for most. Supportive therapy may be necessary, depending on the 
severity of respiratory and swallowing problems. Th erapy is needed for congestive heart failure in infants with 
glycogen storage disease due to acid maltase defi ciency. Th ere was recently approved an enzyme replacement for 
acid maltase defi ciency, but treatment in the infant is not promising once the disease has progressed.

MYOPATHIES
Th e next category one must consider are the myopathies. In myotonic dystrophy, hypotonia may be severe at 
birth, with obtundation, diffi  culty with sucking and respirations in the neonatal period, arefl exia, clubfoot, and 
weakness of facial muscles. Th ese infants have a profound distal myopathy. Th e mother should be examined for 
myotonia (autosomal dominant disorder); DNA studies can confi rm the diagnosis. Myotonia is an abnormal 
sustained contracture of muscles after percussion. Interestingly, infants do not have myotonia until they become 
older. Myotonic dystrophy is a trinucleotide repeat disorder and, as such, shows phenotypic anticipation. Th ese 
babies are profoundly impaired, whereas the mother may not even know she has the disease.

Congenital muscular dystrophy and myopathies with characteristic morphology (e.g., nemaline  myopathy, 
 central core disease, fi ber-type disproportion, glycogen storage disease due to acid maltase defi ciency) are 
 hereditary disorders, with varying degrees of fl oppiness, weakness, and respiratory and sucking problems that 
surface early in life. Infants with glycogen storage disease due to acid maltase defi ciency (Pompe disease) have 
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 enlarged hearts on radiography. Diagnosis is made by muscle biopsy in many of these conditions. In addition, 
some  infants  present with congenital muscular dystrophies and elevated serum creatine phosphokinase (CPK). 
Th ese disorders are genetically determined, and eff ects on the CNS are variable, with some patients having pro-
found CNS involvement. Th ese conditions are generally related to defi ciencies of large muscle proteins.

Myopathies constitute a group of diverse disorders in which skeletal muscle is the organ system primarily 
involved. Th ree types of myopathies—dystrophic, myotonic, and infl ammatory—are considered, and all these 
are usually associated with elevated blood CPK. Dystrophic myopathies (the several types of muscular dys-
trophies) and myotonic myopathies are genetically determined disorders, whereas infl ammatory myopathies 
 (polymyositis and dermatomyositis) are autoimmune-related entities (Tables 19-1 and 19-2).

Pathophysiology
Skeletal muscle biopsy specimens from patients with myopathies reveal characteristic pathologic  abnormalities. 
Th ese include abnormal variability in fi ber size, increased amount of endomysial connective tissue and fat, 
 architectural changes in scattered fi bers, and internally positioned nuclei. Infl ammatory cells and vascular 
 abnormalities are evident in infl ammatory myopathies. Serum muscle enzymes, the most important of which is 
creatine kinase (CK), are generally elevated in the myopathies.

 TABLE 19-1

Myopathies in Children
Dystrophic (muscular dystrophy)

Myotonic

Infl ammatory (polymyositis and dermatomyositis)

Less Common

Endocrine

Metabolic

Periodic paralysis

Congenital

Toxic

 TABLE 19-2

Muscular Dystrophies

Disorder Inheritance Onset Course Muscles Involved Other Findings

Duchenne 
muscular 
dystrophy

X-linked 
recessive

�5 years Progressive Pelvic and shoulder 
girdles; large calves

Mental  retardation; 
cardiac involve-
ment; absent 
dystrophin

Facioscapu-
lohumeral 
dystrophy

Autosomal 
dominant

Early to 
late

Slow Facial muscles; 
shoulder girdle

Cognition normal

Limb-girdle 
muscular 
dystrophy

Recessive and 
dominant

Variable Slow Shoulder and pelvic 
girdles

Cognition normal
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History
Depending on severity, myopthies result in weakness manifesting in diffi  culty climbing or descending stairs; 
trouble or awkwardness in running (waddling like a duck); or other gait abnormalities, such as walking up on 
the toes or diffi  culty getting up from a sitting position or getting up from the fl oor, raising the arms over the 
head, or  carrying packages. Th e examiner should ask about these functional problems, and if present, about the 
 duration of symptoms, whether there has been any worsening or improvement, and the presence or absence of 
pain and muscle tenderness. Other questions to ask include: Is weakness accompanied by any signs or symptoms 
of  systemic involvement such as a rash or fever, as seen in dermatomyositis? Has there been stiff ness or weakness 
in the hands or diffi  culty in letting go of objects after holding them in the hand (myotonia)? Has there been any 
problem with swallowing or chewing, which would be present if pharyngeal muscles or muscles of mastication 
are weak? Are there any problems with the facial muscles, which would aff ect the child’s ability to blow up a 
balloon, whistle with pursed lips, or close the eyelids completely during sleep?

Because dystrophic and myotonic myopathies are genetically determined, a careful family history with 
special emphasis on muscular and related problems is mandatory.

Physical Examination
A complete general and neurologic examination is necessary. Functional testing may be helpful because the major 
complaint will most likely be weakness. Th e clinician should observe children walking, not in the confi nes of a small 
room, but in a corridor and up and down stairs, to see whether there is a waddle,  indicating weakness. It is necessary 
to see whether any muscle wasting (atrophy) or enlargement is present, especially large calves. Th e clinician should 
check whether children can walk on their toes to document normalcy of the gastrocnemius-soleus group, and on 
their heels, to test function of the anterior tibialis muscles. It is necessary to check muscles supplied by the cranial 
nerves, with special emphasis on the extraocular, facial, palatal, lingual, sternocleidomastoid, and trapezius muscles.

Manual muscle testing (i.e., testing strength of individual muscles) takes a great deal of practice, but a 
few large muscles, such as deltoids, biceps, and quadriceps, are relatively easy to test, as is hand grasp strength. 
In place of testing neck fl exor muscle strength, which also takes much practice, the examiner may ask the child 
to raise his or her head while in the supine position. Tendon refl exes are normal or diminished.

In addition, observation of children’s skin for a subtle rash, particularly the skin over the eyelids, the 
 interphalangeal joints and knuckles, and the extensor surfaces of the elbow and knee areas, is necessary. Skin 
 involvement is evident in dermatomyositis.

Myotonia is the inability to relax after a voluntary contraction. Th e clinician may ask the child to close his 
hands forcibly. If he has action (or refl ex) myotonia, the child will only be able to open his hands very slowly and 
may have to fl ex the wrists to perform this  function. A sharp tap with a refl ex hammer on the thenar mass may 
elicit myotonia, but this requires practice or demonstration by an experienced examiner.

Diagnostic Evaluation
Genetic studies (DNA analyses) are currently available in many commercial laboratories for selected  muscular 
disorders such as Duchenne or Becker muscular dystrophy and myotonic dystrophy. Serum muscle enzyme 
 determinations (CK) usually reveal abnormal values in myopathies. In Duchenne and Becker muscular 
 dystrophy, the CK values are almost always markedly elevated. However, with some of these disorders, abnor-
malities, if present, may be very modest.

Pediatric Pearl: Any boy with a gait abnormality, muscle weakness, or toe walking should 
have a CK level evaluated.
Pe
ha

Electromyography (EMG) and muscle biopsy may be useful, but for genetic myopathies, they are  becoming 
less important.

Differential Diagnosis
Dystrophic Myopathies

Th e diff erent types of myopathies (muscular dystrophies) each have characteristic patterns of inheritance, onset, 
clinical course, muscular involvement, and laboratory fi ndings.
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Duchenne muscular dystrophy aff ects only boys, with very rare exceptions, because it is an X-linked disease. 
Toe-walking is frequently seen after the child learns to walk; attempts at running may be awkward and waddling 
may become prominent by 5 years of age. Calf muscles appear large by that time. Because of slowly increasing weak-
ness, children experience diffi  culty with stairs as they grow older. Weakness is relentlessly progressive, and all boys 
with Duchenne muscular dystrophy are wheelchair-bound by 12 years of age. Cardiorespiratory compromise leads to 
death in their 20s. All boys with Duchenne muscular dystrophy have markedly elevated serum CK levels even before 
developing overt muscle weakness. About two-thirds have a deletion on DNA testing; in the one-third who have no 
demonstrable deletion, a muscle biopsy specimen indicates characteristic pathologic fi ndings without the muscle pro-
tein dystrophin. In a milder form of X-linked muscular dystrophy (Becker type), the onset is generally later, and the 
course is much more slowly progressive. Dystrophin is present in muscle biopsies, although in diminished amounts.

Limb-girdle (LG) and facioscapulohumeral (FSH) muscular dystrophies are much more variable in their 
time of presentation of weakness and in their course. Genetic testing (DNA) is available when FSH muscular 
dystrophy is suspected. Serum CK elevation may be modest or absent. Similarly, muscle biopsies are much less 
specifi c than those in Duchenne muscular dystrophy; dystrophin content is normal. To distinguish the several 
forms of LG dystrophy, specialized testing of muscle biopsy specimens is necessary.

Myotonic Dystrophy

Th is autosomal dominant disorder exhibits marked variability in age of onset and progression. In addition to 
myotonia, which is most readily demonstrable by the inability to relax the hand after squeezing it shut tightly, 
children may complain of weakness of the hand muscles, may be mentally retarded or have learning diffi  culties 
in school, and may have hypernasal speech. Adolescent boys often have early onset of frontal baldness, and cata-
racts (seen with a slit lamp examination) are very common. An infantile form may be manifest with severe fl op-
piness and clubfoot at birth; in this form, the mother, not the father, always has myotonic dystrophy, although 
signs and symptoms are so mild that neither she nor her physician is usually aware of the presence of the disease. 
Myotonic dystrophy is usually a clinical diagnosis, but in older children, the results of EMG are characteristic. 
Muscle enzymes are usually only minimally elevated, and muscle biopsies are unnecessary. Myotonic dystrophy 
can also aff ect heart muscle, and some children can develop endocrinological abnormalities. DNA testing is now 
 available. Infantile myotonic dystrophy is discussed in the Hypotonic Infant section.

Pediatric Pearl: If an infant has fl oppiness and/or clubfoot, myotonic dystrophy should be 
suspected. The mother can easily be tested for myotonia even in the absence of any clinical 
history.

Pe
su
his

INFLAMMATORY MUSCLE DISORDERS
Weakness (more in the legs than in the arms), which can be documented on functional testing, is usually the 
 presenting symptom in children. Th e onset of weakness is generally not as insidious as it is with dystrophy, al-
though it is still most commonly subacute. Th e child or parents can usually date the onset of weakness, often a 
matter of weeks or a few months. Muscle, joint pain, or both sometimes accompany the weakness. In dermato-
myositis, an infl ammatory muscle disease of children that is more common than polymyositis, a violaceous rash 
may be present on the eyelids, and erythema may be present on the knuckle areas and extensor surfaces of the 
knees and elbows. Infl ammatory myopathies are not genetically determined. Serum muscle enzymes are gener-
ally elevated, and EMG studies, although not specifi c, are helpful. A muscle biopsy specimen provides a tissue 
diagnosis in a large percentage of children.

Management
No specifi c medication to cure the dystrophin myopathies or myotonic dystrophy is available. Prednisone 
0.75 mg/kg/day can slow the relentless progression of Duchenne muscular dystrophy. Gene replacement  therapy, 
which may be a possibility, is not yet available. Physical therapy is indicated in most children with muscular dys-
trophy, and  bracing and adaptive devices can be provided when necessary. It is essential to observe children for 
joint contractures, and treatment for scoliosis is necessary. Th e multidisciplinary approach available in  Muscular 
Dystrophy  Association–supported clinics is the best therapy for most children. Genetic counseling for families 
is indicated in most instances.
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Prednisone or immunosuppressive agents such as azathioprine or methotrexate in appropriate doses, with 
the usual cautions regarding side eff ects, are also useful in infl ammatory myopathies because these conditions are 
immunologically mediated disorders with an infl ammatory component. Physical therapy is also helpful.

CEREBROVASCULAR ACCIDENT OR STROKE
Stroke in children aff ects about 3/100,000 children a year. Th is is as common as brain tumors in children. Children 
have brain infarctions more often than hemorrhages. Strokes can arise from arteries (infarction with arteriopathy, 
hemorrhage of an aneurysm or arteriovenous malformation [AVM], or vein cerebral venous thrombosis [CVT]).

Pathophysiology
Arterial ischemic strokes (AIS) are the most common strokes and more commonly involve the middle cerebral 
artery distribution. Th ere is an arteriopathy on magnetic resonance angiography (MRA) in 10% to 40% of 
patients. Th ere may be an association with infections such as varicella. Th ere is an increased association with 
clotting abnormalities and congenital cardiac disease, but often there is no underlying risk factor. Trauma can 
also result in dissection. Hemorrhage can occur after a rupture of an arterial aneurysm or arterial venous malfor-
mation (AVM). In total, the most common cause of brain hemorrhage in the child and infant is trauma. CVT 
occurs with occlusion of a deep vein and results in venous infarction and hemorrhage.

History
For AIS, the history and examination is usually that of an acute onset of focal neurologic defi cit or seizure. 
A family history for clotting abnormalities is important, and trauma and infection should be excluded by history. 
For brain hemorrhage, the onset is usually that of an acute headache, often without focal neurologic fi ndings, 
but these may be present, along with seizures, at onset. A stiff  neck may also be present secondary to blood 
 clotting. As for CVT, this also typically presents with an acute onset of headache, but focal neurologic signs and 
seizure are common. A seizure is a more common presenting sign of a stroke in children compared to adults 
with a stroke.

Physical Examination
Th e physical examination must extensively evaluate the entire CNS. By determining which defi cits are present, 
one can localize the lesion and better predict the cause.

Diagnostic Evaluation
Routine laboratory tests should be performed including a workup for bleeding disorders. In AIS, an MRI shows 
an acute infarct in an arterial distribution. Brain computed tomography (CT) will show a hemorrhage and a 
brain MRI is the best for all other strokes. Imaging of blood vessels can be accomplished by MRA, magnetic 
 resonance venography, or CT angiogram. In the face of a hemorrhage that might be an aneurysm, emergency 
angiography is performed but often a CT angiogram can be obtained fi rst to exclude an aneurysm.

Differential Diagnosis
An acute focal neurologic defi cit in a child is most likely secondary to a migraine, is possibly secondary to a focal 
seizure, and is lastly secondary to a cerebrovascular accident.

Management
For AIS, an MRI with MRA and a cardiac evaluation and workup for systemic disease and clotting diathesis is 

indicated. Because there is an about 30% risk of second stroke (especially if there is evidence of  arteriopathy), 

most  neurologists place patients on aspirin. Some clinicians treat with heparin fi rst for a period of time  especially 

if there is a question of dissection.
For a hemorrhage, an emergency craniotomy and evacuation of the clot is indicated if the patient has 

impending herniation. For AVMs in which a patient is stable, serial vascular imaging ultimately with angiog-
raphy is electively done with an aim at surgical or intervascular intervention. As for aneurysms, these should be 
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treated urgently with either surgery or intravascularly by an interventional radiologist, but AVMs are less likely 
to rebleed immediately after the fi rst hemorrhage. In aneurysms, there is a 50% chance of rebleed and this often 
occurs within days of the fi rst event. As such, aneurysmic hemorrhage is a neurologic emergency.

For CVT, a watchful waiting approach is all that is often needed, although there is more data  arising 
 suggesting that heparin treatment may ameliorate the disease course. Workup for clotting problems is  indicated. 
Th ere are now two clinical recommendations both advocating heparin acutely for CVT, but this is still 
 controversial because of the risk of hemorrhage.

FEBRILE SEIZURES
Febrile seizures are the most common form of seizure, occurring in 2% to 5% of children in the United States. 
A febrile seizure is defi ned as a seizure occurring in childhood after 1 month of age associated with a febrile 
 illness not caused by an infection of the CNS, without previous neonatal seizures or a previous unprovoked 
seizure, and not meeting the criteria for other acute symptomatic seizures. Febrile seizures occur in infants and 
children from 6 months to 5 years of age but peak at about 20 months of age.

Th ere are two types of seizures:

• Simple febrile seizures which are generalized, last less than 15 minutes, and do not recur within 24 hours
• Complex febrile seizures which are prolonged, recur more than once in 24 hour, or are focal

Pathophysiology
Febrile seizures may occur sporadically or may be familial. Specifi c mutations in ion channels (e.g., SCN1A) 
cause channelopathies, which present in families as a predilection toward febrile and afebrile seizures. Animal 
studies have shown that an increase in temperature could enhance the rate, magnitude, or synchrony of neuronal 
fi ring, and thus epileptiform activity, leading to seizures.

Hyperthermia also induces hyperventilation and alkalosis, and this environment may lead to neuronal 
 excitability, predisposing to seizures. In addition to the temperature increase, fever involves the release of 
 cytokines, such as interleukin (IL)-1�, and other infl ammatory mediators in the body and within the brain 
itself, which enhances neuronal excitability and the generation of febrile seizures. Although febrile seizures must 
not have a direct infectious cause, there is an association with the human herpes virus 6.

History
Th e type of seizure, whether generalized or focal, and its duration should be elicited. History and duration of 
fever and potential exposures to illness must be obtained. It is important to try and determine the cause of the 
fever. A history of seizures, neurologic problems, developmental delay, or other potential causes of seizure (e.g., 
trauma, ingestion) should be excluded. Family history of seizures, febrile or afebrile, is important as well.

Physical Examination
After termination of the seizure, serial evaluations of the patient’s neurologic status including examination are 
essential. Acute neurologic conditions, which may precipitate seizures must be considered with assessment of 
the anterior fontanelle (in an infant) and assessment for meningismus (neck stiff ness) to evaluate for meningitis. 
Funduscopy is necessary to exclude papilledema, which would be suggestive of increased intracranial pressure 
(ICP). Hints of paralysis or weakness on one side of the body, for example, may be present transiently (Todd 
paralysis), and may be found by noting diff erences in tone or strength between the right and left arms and legs. 
Similarly, diff erences in refl exes and toe (Babinski) responses may also suggest focality. Any such abnormalities 
are inconsistent with febrile seizure.

A careful physical examination often reveals a source for the fever such as an otitis media, pharyngitis, or 
exanthem. Once the child is stable, the clinician should note any dysmorphic features and plot the head circum-
ference, as in every examination. It is essential to check the skin for evidence of a neurocutaneous disorder.

Diagnostic Evaluation
When attempting to ascertain the cause of the fever, a complete blood cell count, appropriate cultures, and a 
urinalysis are appropriate. In young children with a fi rst febrile seizure, lumbar puncture is only required if 
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there is clinical suspicion of meningitis or encephalitis. In 1996, the American Academy of Pediatrics (AAP) 
recommended that a lumbar puncture be strongly considered in patients younger than 12 months present-
ing with fever and seizure. Th e AAP also recommended that a lumbar puncture be considered in patients ages 
12 to 18 months. A lumber puncture is not routinely necessary in patients older than 18 months. But with recent 
studies showing that the risk of bacterial meningitis presenting as fi rst simple febrile seizure at ages 6 to 18 months 
is very low, these recommendations may have to be revised. An electroencephalogram (EEG) usually is not neces-
sary in the routine evaluation of a child with a fi rst simple febrile seizure. Imaging studies are unnecessary following 
a simple febrile seizure, but if there is any evidence of focality or prolonged seizure, an MRI may be considered.

Differential Diagnosis
Th e single most important practical consideration in the diff erential diagnosis of febrile seizures is bacterial 
meningitis or any other forms of meningitis. Other neurologic infections such as encephalitis and epidural and 
subdural infections must also be considered.

Management
Th e fi rst step in managing any seizure is to ensure proper airway, breathing, and circulation. Once stable, the 
next step is to safely terminate the seizure if it is not self-limited. Most seizures cease within 1 to 2 minutes, but 
some seizures may be prolonged and may require intervention. Acute treatment such as with rectal diazepam is 
eff ective and can be given at home for a seizure lasting longer than 5 minutes. Upon arrival to the emergency 
department, if a child is having a prolonged seizure that is not stopping spontaneously, intravenous lorazepam 
may be required. Careful observation for respiratory problems and the possible need for assisted ventilation are 
essential. Th e likelihood of the need for ventilatory assistance rises sharply in proportion to the duration of the 
seizure. If the seizure does not abort, then emergency management of status epilepticus must be initiated.

In addition, it is necessary to lower the body temperature and treat the acute infection that resulted in the 
temperature elevation, if possible. Reduction of body temperature generally involves evaporative cooling and ad-
ministration of antipyretics in appropriate dose. Antibiotics to treat the source of the fever may be considered.

Any seizure can be a terribly frightening experience for a child’s parents and family. When a child 
 recovers quickly to baseline after a brief febrile seizure, parental reassurance is generally easy to provide; in these 
 circumstances, the benign nature of the condition is clearly evident. Prophylactic use of antipyretics, sedatives, 
or anticonvulsants for febrile seizure has not been shown to be eff ective. Th e AAP guideline released in 2008 
does not recommend prophylactic use of diazepam, as the risk outweighs the benefi ts.

Prognosis
In general, simple febrile seizures are benign, with little in the way of detrimental long-term eff ects on cognition, 
academic performance, behavior, and overall development. Children with febrile seizures and other risk factors have a 
slightly higher incidence of epilepsy compared with the general population (2% versus 1%), but it should be stressed to 
parents that this is still a very low likelihood of developing epilepsy. Risk factors for epilepsy later in life include com-
plex febrile seizure, family history of epilepsy or neurologic abnormality, and developmental delay or impairment.

Pediatric Pearl: Febrile seizures are relatively benign. Long-term treatment is usually not 
required.
Pe
req

EPILEPSY
Epilepsy is a disorder characterized by the occurrence of at least two unprovoked seizures.

Pathophysiology
Seizures are paroxysmal manifestations of the electrical properties of the cerebral cortex. A seizure results when 
a sudden imbalance occurs between the excitatory and inhibitory forces within the network of cortical neurons 
in favor of a sudden-onset net excitation. Seizures or epilepsy may be of idiopathic/cryptogenic/genetic  etiology, 
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wherein an external insult to the brain is not discerned. Identifi cation of genes/chromosomes (e.g., Chr 20, 
Chr 6) and mutations causing channelopathies (e.g., SCN1A, KCN) have strengthened the understanding of 
the genetic basis of epilepsy. Alternatively, seizures may occur secondary to some acute or remote insult to the 
brain and is termed symptomatic epilepsy.

Classifi cation
Th e clinical signs or symptoms of seizures depend on the location of the epileptic discharges in the cortex and the 
extent and pattern of the propagation of the epileptic discharge in the brain. In 1981, the International League 
Against Epilepsy (ILAE) developed an international classifi cation of epileptic seizures that divides seizures into 
two major classes: partial-onset seizures and generalized-onset seizures. Generalized-onset seizures have an onset 
recorded simultaneously in both cerebral hemispheres, whereas partial-onset seizures begin in a focal area of the 
cerebral cortex. Some seizures are diffi  cult to fi t into a single class, and they are considered unclassifi ed seizures.

Generalized-Onset Seizure Types

Generalized-onset seizures are classifi ed into six categories: (1) absence seizures, (2) myoclonic seizures, (3) clonic 
seizures, (4) tonic seizures, (5) primary generalized tonic–clonic seizures, and (6) atonic seizures (Table 19-3).

Absence seizures are brief episodes of impaired consciousness with no aura or postictal confusion. Th ey 
typically last less than 20 seconds and are accompanied by few or no automatisms. If there are automatisms, they 
are usually facial, and repetitive blinking is the most common facial automatism. Hyperventilation or photic stim-
ulation often precipitates these seizures, which typically begin during childhood or adolescence. Th e classic EEG 
correlate of absence seizures consists of 3.5-Hz generalized spike-and-slow wave complexes. Absence seizures are 
common in several diff erent epilepsy syndromes including, but not exclusive to, childhood absence epilepsy.

Myoclonic seizures are brief, arrhythmic, jerking, motor movements that last less than a second. Myoclonic 
seizures often cluster within a few minutes. Myoclonus is not always epileptic in origin.

Clonic seizures are rhythmic, jerking motor movements with or without impairment of consciousness. 
Primary generalized clonic seizures simultaneously involve the upper and lower extremities. Th e EEG correlate 
consists of generalized rhythmic epileptiform discharges. Clonic seizures that begin focally and secondarily 
generalize are not considered primary generalized seizures and will be discussed in the next section.

Tonic seizures are sudden-onset tonic extension or fl exion of the head, trunk, and/or extremities for 
 several seconds. Th e correlate of tonic seizures in the EEG includes an electrodecremental response. An elec-
trodecremental response is a sudden generalized drop in amplitude of the EEG. Th is pattern may evolve into 
slow  spike-and-wave complexes or diff use polyspikes. Tonic–clonic seizures consist of several motor behaviors, 
 including generalized tonic extension of the extremities lasting for few seconds followed by clonic rhythmic 
movements and prolonged postictal confusion. Th e EEG correlate of generalized tonic–clonic seizures consists 
of generalized complexes of spikes or polyspike and slow waves.

Atonic seizures consist of brief loss of postural tone, often resulting in falls and injuries. Th e EEG correlate 
is similar to abnormalities observed in tonic seizures.

Partial-Onset Seizures
Partial-onset seizures are classifi ed as simple partial seizures and complex partial seizures. A simple partial 
 seizure is a focal seizure with preserved consciousness. Simple partial seizures include sensory, motor, autonomic, 
and psychic types. Complex partial seizures cause impaired consciousness and arise from a single brain region. 
Impaired consciousness implies decreased responsiveness and awareness of self and surroundings. During a 
complex partial seizure, the patient may not communicate, respond to commands, or remember events that 
 occurred. Consciousness may be diminished without complete impairment.

Epilepsy Syndromes
It is helpful to classify patients by a particular epilepsy syndrome as certain epilepsy syndromes have better 
 prognoses than others. Syndromes may be age dependent such as benign neonatal convulsions, West  syndrome, 
benign rolandic epilepsy, and juvenile myoclonic epilepsy. In addition, the etiology of the seizures can aid in 
 classifi cation as well as those caused by cerebral malformations, infections, metabolic disturbances, enzyme distur-
bances, and strokes. Many are genetically determined, and ongoing research is identifying new genes  constantly. 
Several of the common pediatric epilepsy syndromes should be familiar to the practicing  pediatrician.
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Benign rolandic epilepsy is usually associated with a good prognosis, is self-remitting, and no neurologic 
abnormality is noted. It usually occurs around ages 4 to 15, with a male predominance. Th e seizures typically 
occur out of sleep and may involve the mouth or speech. Th e EEG is typical with a pattern of  centrotemporal 
sharp waves. Juvenile myoclonic epilepsy is an autosomal dominant generalized epilepsy syndrome with  multiple 
types of seizures, including generalized tonic–clonic, absence, and myoclonic seizures, usually occurring upon 
awakening. Th is syndrome is responsive to anticonvulsants, but may require lifelong treatment.

Infantile myoclonic spasms consist of attacks, which frequently begin between 3 and 9 months of age; 
consist of one or more brief, sudden muscular contractions in which the head is fl exed (head nodding), the arms 
are extended, and the legs drawn up; usually occur in clusters. Episodes are very brief and may be confused 
with colic or an exaggerated Moro response. Very often, parents do not recognize the attacks as abnormal or as 
 seizures until they occur in large numbers and are accompanied by retarded development, an extremely common 
feature in infantile spasms. In most children, the EEG is abnormal, and consists of a disorganized background 
with high-voltage slow waves and multiple spike wave discharges, a pattern called hypsarrhythmia.

Lennox-Gastaut syndrome is an intractable epilepsy syndrome, associated with multiple seizure types, 
 typically resistant to most anticonvulsant therapy and associated with global developmental impairment. 
 Infantile spasms with hypsarrhythmia can progress to Lennox-Gastaut syndrome as the child matures.

History
One key feature of epileptic seizures is their often stereotypic nature. It is crucial to identify how the seizure began 
as this can assist in understanding whether the seizures are primarily generalized or are focal in onset. If there is 
focality, it is important to document the location of the convulsion. Sometimes an aura or warning can point to 
a focal onset. At times there will also be associated signs or symptoms that should be identifi ed. One of the most 
important factors to determine is the approximate length of the seizure. Th e majority of seizures cease within 
1 or 2 minutes. If the seizure lasts longer than that, there is a greater risk of future prolonged seizures as well, 
which may require medical attention. Objective measures of the duration of seizure is important.  Comparing 
the mother’s phone call record with the ambulance response sheet may be helpful. One must  determine how 

 TABLE 19-3

Childhood Epilepsies
Seizure Disorder Associated Characteristics

Generalized tonic–clonic convulsions Involve all extremities
Tonic and clonic components
Loss of consciousness
Postictal phase common

Absence or petit mal seizures Last a few seconds
No aura
Body movement unusual
Child unaware of occurrence

Juvenile myoclonic epilepsy Genetically determined
Generalized seizures with myoclonic jerking in morning

Complex partial seizures Blunted consciousness
Aura
Strange behavior and speech (chewing and lip-smacking)

Simple partial seizures Localized motor or sensory symptoms
No impairment of consciousness
May become generalized

Infantile spasms Brief sudden muscular contractions
Begin at 3–9 months of age
Associated with retardation

770309_Ch_19.indd   523770309_Ch_19.indd   523 5/6/11   1:43:57 PM5/6/11   1:43:57 PM



524   SECTION II ■ PEDIATRIC SUBSPECIALTIES

often the seizures are occurring and whether the pattern is becoming more frequent. Family history of seizures 
is always important as it may indicate a particular syndrome and is very helpful in prognosis. Th e child’s medical 
history, including any past trauma or injury and possible medications used, should be documented.

Physical Examination
Th e clinical diagnosis of seizures is based on the history obtained from the patient and, most importantly, 
from the observers. Once the seizure has stopped and the child is stabilized, it is possible to perform a general 
 examination, with special emphasis on assessing any features of focality. Postictal paralysis (Todd paralysis), 
although rare, can last for several hours or more. Deep tendon refl ex asymmetry and frank hemiparesis may 
provide a clue to  focality. Th e clinician should be sure to assess mental status and cranial nerve function, with 
particular emphasis on funduscopy and on asymmetries of extraocular and facial muscular function.

In addition, it is important to examine the skin carefully, looking for evidence of a neurocutaneous disorder (e.g., 
neurofi bromatosis, tuberous sclerosis), which may be associated with seizures. Careful assessment for  evidence of 
trauma should also occur, and if the history is suspicious, the clinician should consider the possibility of child abuse.

Diagnostic Evaluation
Routine blood studies are generally not helpful in establishing a particular metabolic cause for seizures in 
most children unless the history suggests one. Th e exception is in neonates with seizures in whom routine 
 measurements of glucose, calcium, and electrolytes are suggested.

Th e EEG is often helpful in confi rming the diagnosis, although it is not always required. Th e electrical 
 activity of active nerve cells in the brain produces currents spreading through the head. Th ese currents also reach 
the scalp surface, and resulting voltage diff erences on the scalp can be recorded as the EEG. A normal EEG in 
the interictal period does not exclude the diagnosis of a seizure disorder, as the routine EEG is brief and may 
miss epileptiform abnormalities. Repeating the EEG may provide a better yield. A routine EEG is a recording 
of less than 1 hour of brain activity.  Activation procedures can be used to document an abnormality not seen 
in a routine study; activation procedures include sleep, sleep deprivation, photic stimulation at various frequen-
cies, and hyperventilation. In specialized situations, the EEG may be recorded over a prolonged period of time 
(e.g., for several days, if necessary), often with simultaneous closed circuit TV (Video-EEG) monitoring of 
the  patient. Video-EEG monitoring is also used to characterize the type of seizure and epileptic syndrome to 
optimize pharmacologic treatment and for presurgical workup.

Clinicians must always assess EEG recordings with the history and physical examination in mind; an 
EEG request should, therefore, include a clinical summary and list any anticonvulsants or other medications the 
child is taking because these may aff ect the tracing. Th e EEG can be very helpful in distinguishing partial from 
generalized seizures and in diagnosing seizures that begin focally and become generalized secondarily. In some 
instances, the pattern of EEG abnormality may raise the possibility of the presence of an underlying structural 
lesion. Th e EEG interpretation takes into account the level and type of sleep and the maturity of the brain.

Pediatric Pearl: A normal EEG does not exclude the possibility of the patient having expe-
rienced an epileptic seizure.
Pe
rie

Neuroimaging studies, namely MRI or CT scanning, are indicated when the seizures are focal, the EEG 
interpretation suggests an underlying focality in the presence of abnormal neurologic fi ndings on examination, 
or the seizures accompany a neurocutaneous disorder. Imaging studies are unlikely to be positive in children 
with primary generalized seizures.

Differential Diagnosis
Epileptic seizures can sometimes be mistaken for psychogenic or nonepileptic seizures. One of the most char-
acteristic features of psychogenic seizures is the maintenance of consciousness during a generalized tonic or 
 tonic–clonic attack and the usual lack of a postictal phase. Similarly, in psychogenic seizures, the EEG fails to 
show epileptic discharges during an attack. Other episodic disorders that can mimic seizures include breath-
holding spells, syncope, night terrors, jitteriness, head banging, Sandifer syndrome, tics, panic attacks, and 
 transient ischemic attacks (TIAs) (Table 19-4).
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Management
Th e goal of treatment is to achieve a seizure-free status without adverse eff ects. However, many children have 
adverse eff ects, and some have seizures that are refractory to medical therapy. Monotherapy is important because 
it decreases the likelihood of adverse events and avoids drug interactions. Sometimes a rational  polytherapy 
 approach may need to be considered. Although it is commonly believed that one should push a single  medication 
to toxicity before adding a second drug, recent studies have been challenging that assertion. Th e mainstay of 
therapy for people with recurrent unprovoked seizures is an anticonvulsant. If a patient has had more than one 
seizure, administration of an anticonvulsant is usually recommended. If the patient has only one seizure and no 
risk factors, the risk of recurrence often does not warrant immediate treatment. Th e risk of recurrence in the 
2 years after a fi rst unprovoked seizure is 15% to 70% depending on several factors, mainly an abnormal brain 
MRI, an abnormal sleep-deprived EEG, a partial-onset seizure, and family history. Th e type of seizure and 
the specifi c epileptic syndrome play a role in the selection of anticonvulsants, probably because of the diff erent 
pathophysiologic mechanisms.

Anticonvulsants can be divided based on their mechanisms: blockers of repetitive activation of sodium 
channel (e.g., phenytoin, carbamazepine, oxcarbazepine, lamotrigine, topiramate); GABA-A receptor  enhancers 
(e.g., phenobarbital, benzodiazepines); glutamate modulators (e.g., topiramate, lamotrigine, felbamate); 
 T-calcium channel blockers (e.g., ethosuximide, valproate); N- and L-calcium channel blockers (e.g.,  lamotrigine, 
 topiramate, zonisamide, valproate); H-current modulators (e.g., gabapentin, lamotrigine, pregabalin); blockers 
of unique binding sites (e.g., gabapentin, levetiracetam); and carbonic anhydrase inhibitors (e.g., topiramate, 
zonisamide). Many anticonvulsants have more than one mechanism of action and some are unknown.

Pediatric Pearl: In the treatment of epilepsy, the goal should be to use the lowest effective 
dose of the least toxic anticonvulsant for the briefest period of time.
Pe
do

Nonpharmacologic treatments

Th ere are several nonpharacologic treatments that have been shown to be eff ective in treating epilepsy. Th e 
ketogenic diet has a role in helping children with severe epilepsy. Th is is a low-carbohydrate, high-fat diet. Th e 
classical (4:1 ratio) ketogenic diet, MCT (medium chain triglyceride) diet, and modifi ed MCT diet are varia-
tions. Increased cerebral energetics supplied by the ketogenic diet may provide increased resistance to  seizures; 
the ketogenic diet also elevates GABA levels locally. Complications of the diet include  constipation,  renal 

 TABLE 19-4

Nonepileptic Paroxysmal Events (in Contrast to Epilepsy)
Psychogenic seizures Consciousness not lost

Normal EEG during attack
No postictal behavior
Frequently combative during attack
Can occur in patients with seizures

Breath-holding spells Mainly between 1 and 2 years of age
Precipitating event before attack
Breath holding after crying
Pallor or cyanosis, then limpness

Syncope Usually follows emotional episode
May have orthostatic hypotension
EEG is normal

Night terrors Paroxysmal sleep disturbance
EEG normal during attacks

EEG, electroencephalogram.
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stones, anorexia, hypercholesterolemia, and vitamin defi ciencies. Some syndromes such as Leigh  syndrome, 
Landau-Kleff ner syndrome, Rett syndrome, and glucose transporter type I defect are typically treated with a 
ketogenic diet.

Th e vagal nerve stimulator (VNS) is a palliative device similar to a pacemaker with an effi  cacy similar to 
an antiepileptic drug. Th e lead is laid on left cervical vagus nerve, and the generator is implanted in the left 
upper chest; the patient has programmable pacemaker and magnet. Acute interruption of the seizure relies on 
activation of the inhibitory pathways; the chronic antiepileptic eff ect of VNS may be due to persistent changes 
to neurotransmitters or changes in cortical and subcortical synaptic activity. Side eff ects may include hoarseness, 
tingling, dyspnea, and throat pain.

For children with intractable focal epilepsy, surgery should be considered without delay. Surgeries may 
be palliative or curative. A common palliative surgery is anterior callosotomy. Th is surgery has been indicated 
for patients with intractable atonic seizures. Several curative surgeries are possible, including lobectomy and 
 lesionectomy (of tumors and gliosis). Focal cortical resection, hemispherectomy, and multiple subpial transec-
tion are other surgical procedures considered in specifi c epilepsy patients.

Activity Limitations

Th e major problem for patients with seizures is the unpredictability of the next seizure. Seizure precautions 
should be discussed with patients and their caregivers. Safety must be balanced with the risk of seizures. Recom-
mendations regarding driving motorized vehicles vary depending on state law. Patients with seizures should not 
swim alone, and these patients should be particularly aware of being in the presence of an adult lifeguard who 
is aware of their disorder and who is well trained to pull them out of the water if needed. Showers are recom-
mended in favor to baths, as taking a bath possesses an added risk of drowning if not directly supervised. Patients 
who might have a seizure, for example, while waiting for the water to warm up, may incur hot-water burns.

Patients with seizures might experience a seizure during activities in the gym or during another activity at 
considerable height from the fl oor and caution is therefore advised. Contact sports are allowed, but sports such 
as American tackle football that may have considerable contact on the head should be discouraged. Certain 
video games and televised programs may provoke seizures, particularly in photosensitive epilepsy. It should be 
noted, that video games are only contraindicated in children with photosensitive epilepsy, which is rare. Th e 
following suggestions, adapted from ways of reducing the risk of seizures in photosensitive children while they 
watch television, may be helpful with regard to video games: Play in a well-lit room to reduce the contrast 
 between the lighted screen and the surrounding area. Reducing the brightness of the screen may also be helpful; 
keep as far back from the screen as possible; use smaller screens in which it is more diffi  cult to see the horizontal 
scan lines; avoid playing for long periods and take regular breaks; and look away from the screen every once 
in a while.

HEADACHE
Headaches in children are common. Furthermore, when children have psychosomatic complaints, the common 
regions they complain about are their heads and abdomens. Th e vast majority of headaches are benign, and many 
are related to systemic infection with fever, such as “fl u” or a sore throat, especially a streptococcal pharyngitis. 
However, it is important to be able to diff erentiate between the common benign headache and the less frequent 
but potentially serious headache.

Pathophysiology
Headaches result from a variety of causes. Th e most common cause of headache in children is migraine.  Migraines 
are defi ned as a headache, which is often familial, lasting form 0.5 hours to 5 days. Migraine headaches are often 
associated with phonophobia, photophobia, nausea, vomiting, dizziness, and vertigo. Chronic daily headaches 
are defi ned as headaches that persist for at least 15 days per month. Often these headaches were migraines that 
evolved into chronic daily headaches.

Some headaches are related to head trauma, either acutely or subacutely. Others may be due to disorders 
of other structures in the head, such as paranasal sinuses and the temporomandibular joint. Some headaches are 
purely psychogenic in origin, as those associated with depression, anxiety, or stress. Increased ICP may be caused 
by a brain tumor, intracranial hemorrhage, or infection, but may also be idiopathic. Increased ICP presents with 
headaches that are typically worse on lying down and may be associated with nocturnal headaches and vomiting. 
Infections such as meningitis, with or without increased pressure, can also result in headaches.
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Pediatric Pearl: The most common cause of chronic headaches in young children is 
 migraine.
Pe
m

Brain parenchyma is insensitive to pain. However, other intracranial structures such as the large arteries, 
the venous sinuses, and the dura at the base of the skull are sensitive to pain. Pain may result from various 
vascular changes and several abnormalities relating to the metabolism of serotonin and its metabolites. In 
migraines, serotonin metabolism is systemically abnormal both during and between attacks. Serotonin may 
lead to vasodilation or vasoconstriction of the intracranial vasculature; this forms the basis for some of the 
old and many of the new drugs used in patients with migraines because many of these drugs aff ect serotonin 
metabolism.

History
In most children with headaches, a good history yields the diagnosis without the need for unnecessary  testing. 
Migraine headache, for example, is a diagnosis based on the history a description of the headaches in a child 
with a normal neurologic examination. Th e frequency of the headaches, the duration, dates of origin,  character, 
frequency, and severity is necessary. Character and severity are subjective; occasionally, the examiner may  obtain 
an assessment of severity by asking children to rate the severity on a scale of 1 to 10 or if the headache  interferes 
with activities or necessitates absence from school or cessation of play. Th e examiner should ask about  associated 
symptoms such as aura; is there a warning before a headache begins or do the parents perceive  something  diff erent 
about a child’s appearance or behavior? Other associated manifestations include photophobia;  annoyance or 
being bothered by loud noises; visual abnormalities such as changes in visual perception; nausea, vomiting, or 
associated abdominal pain; or vertigo.

Th e history should include precipitating factors such as stress, poor sleep hygiene, and dehydration, as well 
as food triggers. Factors that improve symptoms in children include lying down and sleeping. If the headache 
worsens on lying down, increased ICP needs to be excluded. If the headache is aggravated on leaning forward, 
sinusitis should be suspected. A migraine headache is less likely to wake a child from sleep. Questions should 
include concurrent illness, fever, family history of headaches, and association with eating a particular type of 
food. Information concerning any prior self-medication attempts and the dosage and length of use of pre-
scribed medications are important to obtain. Some children overuse analgesics such as aspirin,  acetaminophen, 
or  nonsteroidal anti-infl ammatory drugs (NSAIDs), resulting in rebound headaches.

Physical Examination
Tests for meningismus, increased ICP, and associated illnesses, such as sinusitis, that might explain the headache 
are necessary. A careful funduscopic examination is important to check for papilledema, which may be a sign 
of increased ICP. Abnormalities in the extraocular movements, diplopia, and visual fi eld testing are important, 
because abnormalities may be due to increased ICP as well. Dysmetria or ataxia may be signs of a cerebellar 
mass. Reassurance is an important modality of treatment in headaches.

Diagnostic Evaluation
In children with chronic or recurrent headaches, when good current and past histories are coupled with normal 
physical and neurologic examinations, a diagnosis is generally possible with no laboratory work. Here, an MRI 
is not necessary.

Pediatric Pearl: If focal neurologic fi ndings, papilledema, or history consistent with 
increased ICP are present, a brain MRI is necessary. Most children with headaches do not 
need imaging.

Pe
inc
ne

Th e clinician should order other laboratory tests judiciously. For example, Lyme disease studies are done 
in the event of exposure or if a rash is present. If systemic fi ndings suggestive of rheumatological disease are 
 present, then an appropriate workup is indicated.
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Differential Diagnosis
When a patient presents with headaches, it is important to determine whether this is a primary headache such 
as migraine or a secondary headache due to another cause. Th e most common causes of secondary headache are 
concurrent illness or minor head trauma. Other causes of secondary headache must be excluded. Brain tumors 
will usually develop other symptoms in addition to a headache.

Vascular malformations-induced headaches are an acute-onset headache and are typically severe. In 
pseudotumor cerebri, patients show papilledema on exam and the MRI is normal. If the MRI is normal, the LP 
will be normal and show increased ICP. Although mild-to-moderate levels of hypertension do not commonly 
cause headaches, extreme hypertension in the setting of renal disease may cause a hypertensive encephalopathy 
and headaches as a manifestation of posterior reversible encephalopathy syndrome (PRES). Rarely, metabolic 
disorders such as heterozygous ornithine transcarbamylase defi ciency can present with headaches and abdomi-
nal discomfort as can mitochondrial disorders such as mitochondrial encephalopathy with lactic acidosis and 
stroke-like episodes (MELAS).

As headaches are paroxysmal events, seizures may also present as episodic headaches. Finally, other 
 rheumatologic and infl ammatory disorders may present with headaches, and an appropriate use of a laboratory 
 examination and a referral to an appropriate specialist may be helpful.

Management
For most migraines, determining the triggers and reassurance improves the headaches. Improving sleep and 
hydration are often important. Avoiding stressors if possible may be necessary as well. If a patient is overusing 
analgesic medications, discontinuation often improves symptoms. Changes in diet may also be helpful, but diet 
is not usually the primary trigger.

For children who have infrequent attacks of common migraines, the use of NSAIDs, taken when the 
headache begins, is a reasonable option if acetaminophen does not help. NSAIDs should be taken with food, 
which may be diffi  cult when nausea or vomiting accompany a headache. In older children who experience in-
frequent attacks of migraines, drugs known as triptans have made an  important addition to migraine therapy 
in older children. Th ese are formulated for oral, intranasal, and subcutaneous  administration in individuals free 
of cardiac disorders.

For children with debilitating and frequent migraine attacks, prophylaxis should be a topic of 
 physician–child–family discussion. Several classes of drugs may be used for migraine prophylaxis,  including 
�-blocking agents (e.g., propranolol [contraindicated in asthmatics]), antidepressant agents (e.g., amitrip-
tyline), calcium channel blocking agents, topiramate, levetiracetam, and divalproex sodium. Th ere are no 
class I or II data showing that these medications (e.g., amitriptyline and propranolol) work in children but 
there are some data that show they may be helpful. Other therapies include ribofl avin, which may work 
in a subset of patients. If one of these drugs is successful over a substantial period of time, an attempt at 
lowering the dosage or stopping the medication should be considered because spontaneous remission may 
occur in children with chronic headaches. Th e long-term prognosis is generally favorable in childhood 
migraines.

AUTISM SPECTRUM DISORDERS
Autism spectrum disorders (ASDs) represent three of the pervasive developmental disorders defi ned in 
the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV): autistic disorder, 
Asperger syndrome, and pervasive developmental disorder not otherwise specifi ed (PDD-NOS). Th e three 
core features of ASDs are qualitative impairments in social interaction, qualitative impairments in verbal 
and/or nonverbal communication, and the presence of restricted, repetitive, and stereotyped patterns of 
behavior, interests, and activities. Although unifi cation of the three ASDs as one diagnosis is under con-
sideration for the next  edition of the DSM, we have found it practical to utilize “autistic disorder” when all 
features are present in full form, “Asperger syndrome” when social impairments and restricted and stereo-
typed behaviors are present but  early language and cognitive development are normal, and “PDD-NOS” 
when symptoms are relatively mild or  atypical. We are indebted throughout this section to Chris Plauché 
Johnson, Scott M. Myers, and the Council on Children with Disabilities for their guidelines published in 
Pediatrics (see  Suggested Readings).
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Clinical Manifestations
Social Defi cits

Because there is no pathognomonic feature, but there is a wide heterogeneity of features in individual  children, 
the diagnosis of ASDs may be challenging. One fairly reliable marker seems to be delayed or absent “joint 
 attention.” Joint attention refers to the enjoyment in sharing an object or event with another person. It is 
 manifest in infancy as smiling in recognition of a parent’s vocalizations, following parental gaze or pointing, and 
later, by initiating bids for attention and social interactions with multiple emotional expressions, sounds, words, 
and gestures. Children with ASDs may fail to orient to social stimuli, be less likely to develop age  appropriate 
peer relationships than would be predicted for their age and language abilities, have few friends, and have 
 diffi  culty understanding the perspective of others, known as lack of Th eory of Mind skills.

Communication Defi cits

Speech delay is an extremely common presentation for toddlers who ultimately receive the diagnosis of autistic 
disorder or PDD-NOS. It must be distinguished from deafness, global mental defi ciency, and isolated language 
defi cit. When language is present, it is often echolalic or scripted (e.g., from television programs or videos). 
Regression of language, often accompanied by regression of gestural communication and social skills, occurs in 
25% to 30% of children with ASDs, usually between 15 and 24 months of age.

Restricted, Repetitive Behavior, Interests, and Activities

Th e play of children with ASDs often lacks creativity and may include spinning the wheels or lining up cars 
instead of “driving” them, arranging crayons in order instead of coloring with them, or choosing common 
 objects (e.g., string, sticks, rocks, pens) over commercial toys. Children with ASDs may manifest compulsions, 
self-injurious behaviors (e.g., head banging, skin picking, eye poking, hand biting), and stereotypies (repetitive, 
 nonfunctional, atypical behaviors such as hand fl apping, fi nger movements, rocking, or twirling). Sometimes a 
topic of  interest (e.g., dinosaurs) may be typical for any child but the degree of interest, the detailed knowledge, 
and the  preoccupation to the exclusion of all else is exceptional ( Johnson et al., 2007).

Associated Findings

Mental retardation occurs in approximately 70% of children with ASDs, and seizures occur in about 30%. 
“Splinter skills” and, more rarely, highly developed talents or “savant” skills may occur. Simultaneous hypo- and 
hypersensitivities may be present within the same sensory modality, for example, intolerance to certain environ-
mental noises, but a lack of response to a human voice ( Johnson et al., 2007). Many children are hyperactive and 
actually meet the criteria for comorbid attention defi cit hyperactivity disorder (ADHD). Blindness, deafness, 
and long-tract signs are notably absent in almost all cases.

Pathophysiology
ASDs are considered to be highly heritable but without a single genetic cause. Indeed there may be hundreds of 
distinct causes, each likely to be signifi cant in a small subset of patients—a multigenic model rather than the old-
er polygenic model that postulates groups of synergistically acting genes to produce the phenotype.  Recurrence 
risk in families with one older sibling with an idiopathic ASD ranges from 2% to 8%, and is higher when two 
children are already aff ected. Identifi able syndromes account for less than 10% of cases of ASDs. Among these, 
the most common, Fragile X syndrome, accounts for approximately 3% to 4% of cases, although the incidence of 
ASDs in Fragile X is as high as 30% to 50%. Other examples of neurogenetic syndromes associated with ASDs 
include neurocutaneous syndromes (tuberous sclerosis, neurofi bromatosis), fetal alcohol syndrome, Angelman 
syndrome, and Down syndrome ( Johnson et al., 2007). Th e prevalence of ASDs has grown strikingly in the last 
20 years and is now estimated to approach 1%. How this increase relates to improved detection, reclassifi cation, 
and the complex interaction of environmental and genetic factors is an area of intense study.

Th e coincidence of autistic regression with the toddler vaccine schedule has contributed to the controver-
sial speculation that certain vaccines are causal in autism. A more compelling hypothesis is that regression is a 
hallmark of “mitochondrial autism,” characterized biochemically by increased blood lactate and pyruvate levels, 
elevated plasma alanine level, and increased urinary levels of Krebs cycle intermediates or 3-methylglutaconate. 
Clinically, mitochondrial autism is more likely than idiopathic autism to be accompanied by hypotonia, signifi -
cant gross motor delay and regressions that may be repeated or have late onset (after age 3 years), and include 
loss of motor skills. In this context, vaccinations may indeed precipitate apparent autistic symptoms in  susceptible 

770309_Ch_19.indd   529770309_Ch_19.indd   529 5/6/11   1:43:58 PM5/6/11   1:43:58 PM



530   SECTION II ■ PEDIATRIC SUBSPECIALTIES

children, although the contribution would not be specifi c to the vaccine but rather would resemble the infl amma-
tory or catabolic stress of common childhood diseases that are known precipitants of  mitochondrial regression

Autism is increasingly regarded as a disorder of connectivity, with evidence ranging from clinical and 
 pathologic studies of aff ected humans to the synaptic level in experimental models. Th e clinical  connectivity 
 hypotheses is based on studies of high functioning patients with ASDs in which the acquisition of basic  information 
is spared, but complex information processing and integration is impaired. It was thus proposed that local  circuitry 
is preserved or overdeveloped, whereas connections within and between cortical systems  (association cortex) are 
 underdeveloped. Evidence in support of this hypothesis includes structural MRI  demonstration of increased 
volume of the outer radiate white matter (consistent with the overgrowth of short range intrahemispheric corti-
cocortical connections); increased number of minicolumns (radial cortical units) in gray matter on pathological 
examination; and the fMRI demonstration of diminished mirror neuron (pars opercularis of the inferior frontal 
gyrus) activity in response to observation or imitation of emotional facial expressions—as if the existing neural 
systems did not permit feelings to be connected to information. Children with ASDs were found to have defi -
cient sensory encoding of pitch, as tested with passively evoked brainstem responses to speech syllables, suggest-
ing that subcortical connectivity is also impaired, thus providing a candidate mechanism for defi cient prosody.

Animal models are frequently used in the study of ASDs. For example, fragile X syndrome has a 
 corresponding feature in knockout mouse which lacks the same critical protein as aff ected patients (FMRP) 
and has  behavioral features of autism. In this mouse, the metabotropic glutamate receptor is upregulated, leading 
to  long-term  depression and the weakening of synaptic connections (Bear et al., 2004). Long-term potentia-
tion  (synaptic strengthening) is impaired in the dentate gyrus, a region that is crucial for the rapid formation of 
distinct representations of temporal and spatial relationships (Yun et al., 2009). Such information, gleaned from 
a known genetic cause of ASDs, is likely to be help elucidate the cellular basis of ASDs in general.

History
As of October 2007, the AAP recommends that all children be screened for autism at age 18 months and again 
at age 2 years, even in the absence of signs of developmental delay. An extensive body of screening tools is avail-
able for this purpose. Th e absolute indications for immediate evaluation as established by the Quality Standards 
Subcommittee of the American Academy of Neurology and the Child Neurology Society are as follows: No 
babbling, pointing, or other communication gestures by 12 months of age; no single words by age 16 months; no 
two-word spontaneous phrases by 24 months; and loss of language or social skills at any age.

Physical Examination
Evaluation of the child with suspected ASD should include a comprehensive medical and family history and 
a physical examination that includes a search for dysmorphic features and neurologic abnormalities. A devel-
opmental or neuropsychologic assessment to determine a child’s level of functioning is crucial. Th e use of a 
 standardized diagnostic tool (e.g., the Autism Diagnostic Observation Schedule [ADOS], Lord et al.) is highly 
desirable,  particularly when the diagnosis is subtle or in question. Laboratory testing is controversial and probably 
more likely to yield a specifi c etiology if global developmental delay or intellectual disability is present. Referral 
to neurologists, developmental pediatricians, and geneticists may be helpful to direct the extent of evaluation in 
 individual patients; diagnosis may be important for counseling purposes if not necessarily for treatment.

Diagnostic Evaluation
Because the ASD spectrum is so broad clinically, it is diffi  cult to prescribe a universal diagnostic evaluation. 
Th at said, it is clear that all children with language delay or impairment should undergo hearing testing. Most 
neurologists will order a fragile X DNA analysis, particularly if the child has any of the physical stigmata of this 
syndrome because that is the single gene abnormality most commonly associated with ASD. Localizing signs on 
neurologic examination are rare and should always prompt brain imaging studies. Electroencephalography may 
be helpful if there is clinical suspicion of seizures or if there is language regression. More complicated regressions 
(e.g., later onset, motoric involvement) should prompt an evaluation for metabolic disorders/mitochondrial 
autism. Th e threshold should be low for referral to a geneticist, particularly if more than one child in a family 
is aff ected. Th ere are a number of international databases (such as the IAN project) that accept both clinician 
and patient members and are involved in ongoing genetic as well as clinical diagnostic and research programs. 
In general, the more global the impairment, the higher the yield of diagnostic studies.
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Differential Diagnosis
In our experience, the most diffi  cult diff erential diagnosis occurs when trying to distinguish a toddler with an 
isolated language delay from one with an ASD. Th is often requires the use of a standardized tool such as the 
ADOS. Th e distinction is important both prognostically and therapeutically. Many features characteristic of 
ASDs may be seen transiently during normal development. Th ese include echolalia, and, at times, stereotypies 
such as hand fl apping when excited. It is important to keep in mind that ASD or ASD-like symptoms may form 
part of known genetic syndromes (e.g., Down syndrome, neurocutaneous syndromes, Angelman syndrome) that 
should be considered when hallmark stigmata are present.

Management
Educational and play-based interventions remain the cornerstone of treatment for children with ASDs. 
 Intervention should be introduced even in the absence of a fi rm diagnosis whenever the diagnosis is  seriously 
considered. Applied behavior analysis is one well-studied approach that relies largely on discrete trial  learning 
to improve attention, compliance, imitation, and discrimination learning. Functional behavioral analysis is 
a  systematic means of identifying and eliminating those settings and behaviors that impede learning while 
 encouraging desirable and adaptive behaviors. Several reports have documented progress in children who 
have received Treatment and Education of Autistic and Related Communications Handicapped Children 
 (TEACCH) services (“structured teaching”) which emphasizes organization of the physical environment, 
 predictable  sequences of activities, visual schedules, and other approaches designed to both improve the skills 
of patients with ASDs and modify the environment to accommodate their defi cits. Speech and language 
therapy, including augmentative and alternative communication modalities as warranted, is critical. Social 
skills instruction and occupational therapy may be desirable depending on the needs of the child and the focus 
of the therapy.

Th ere is no specifi c medication management for ASDs. However, symptomatic treatment is often 
 indicated. It is important to remember that medical factors such as otitis, pharyngitis, sinusitis, dental  abscess, 
constipation, urinary tract infection, fracture, headache, gastritis, and rhinitis may all exacerbate so called 
 challenging  behaviors, and might, if properly diagnosed and treated, eliminate the quest for a  symptomatic 
pharmacologic agent.  Because of the high prevalence of epilepsy in this population, EEGs should be obtained 
with low clinical  thresholds and antiepilepsy treatment should be initiated as appropriate. Sleep disturbance is 
 common and sometimes  responds dramatically to melatonin. Other agents that are used to improve sleep in 
children with ASDs  include antihistamines, �

2
-agonists, benzodiazepines, chloral hydrate, trazaodone, and the 

 newer  nonbenzodizepine hypnotics such as zolpidem and zalepon. Symptomatic treatment is also  indicated 
for  maladaptive behaviors such as aggression, self-injury, obsessions and compulsions, irritability, inatten-
tion,  hyperactivity, and  irritability. Rational polypharmacy is often the regimen of choice, with stimulants or 
 atomoxetine used to address inattentive and hyperactive behavior, and selective serotonin reuptake inhibitors, 
atypical neuroleptics, and  �

2
-adrenergic antihypertensives most commonly used to treat repetitive or aggressive 

behaviors or irritability. Th e use of complementary and alternative medicines is beyond the scope of this chapter, 
but parents should be questioned about their use because it is so common and should be informed that the 
National Institutes of Health maintains a National Center for Complementary and Alternative Medicine that 
may be accessed at http://nccam.nih.gov/.

BRAIN TUMORS
Approximately 20% of all malignancies in childhood are brain tumors. About two-thirds of these brain tumors 
are infratentorial (below the dural partition that separates the cerebrum from the cerebellum); the remainder are 
supratentorial. Th e most common tumors derive from astrocytic elements.

Pathophysiology
Any intracranial mass, including a brain tumor, results in compression of the parenchyma and may result in 
obstruction of the normal CSF pathways, causing ventricular dilation. Because of very limited compressibility, 
ICP rises, with further compression on draining venous sinuses. In addition, the tumor itself may cause focal 
 abnormalities related to the tumor location. For example, infi ltrative tumors in the brainstem will produce 
 cranial nerve abnormalities by local encroachment on their nuclei.
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History
Because brain tumors may lead to increased ICP, questions should primarily elicit information regarding symp-
toms associated with increased pressure, which include vomiting, positional headache, and visual dysfunction. 
Vomiting is a very common feature in the presence of increased pressure, and nausea may also be present. Both 
nausea and vomiting are most prominent in the morning or at night. Headache, which is more pronounced 
in the morning, is virtually a constant accompanying feature in children with increased ICP. Of note, some 
 migraineurs have morning headaches. Th e distinction arises in that migraineurs improve with sleep, but patients 
with brain tumors improve by arising and walking around. It is important to ask about headache duration. 
When increased ICP is initially present, headaches may last for just a short time in the morning, and children 
may be better the rest of the day. As the pressure increases with time, the headaches may become more severe 
and of longer duration. Th e examiner should direct questions to elicit a history of diplopia (double vision), which 
may result from involvement of the cranial nerves, most commonly of the sixth (or abducens) nerve. At times, 
children may compensate and develop a head tilt. However, it should be emphasized that papilledema resulting 
from increased ICP produces no visual symptoms early on.

Personality changes, drowsiness, irritability, or changes in level of consciousness may occur, any or all of 
which may be associated with increased ICP or lesions encroaching on the brainstem and other regions of 
the brain such as the hypothalamus. Other questions should include those designed to obtain information 
about problems with motor dysfunction such as gait disturbances, loss of balance, or loss of normal function of 
the hands.

Physical Examination
It is important to check the skin for evidence of a neurocutaneous disorder. For example, if numerous café au 
lait spots or axillary freckles are present, the observer should consider neurofi bromatosis type 1–related tumors. 
Th e presence of irregular depigmented areas on the skin should prompt the examiner to consider tuberous 
 sclerosis–related intracranial lesions.

Detailed assessment of mental status is necessary because somnolence and irritability may accompany 
increased ICP. Checking for papilledema is an integral part of the assessment. In papilledema, the disk margins 
are blurred or obliterated, and the loss of spontaneous venous pulsations is present. Th e veins may be tortuous, 
and frank hemorrhages may be seen in the retina.

Examination of the motor system is also important. Gait abnormalities, for example, may provide clues 
to the localization of a tumor. Ataxia, which is assessed by asking children to walk in tandem forward and 
backward, is observed in infratentorial tumors. Unilateral weakness, evaluated by watching for drift of the out-
stretched arms, limping, or strength asymmetries and checked either functionally by observation or with manual 
muscle testing, may provide a clue to hemispheric or long tract involvement. Similarly, asymmetries in tone or 
deep tendon refl exes, presence of dysmetria (past-pointing), presence or absence of extensor plantar responses, 
and sensory abnormalities may provide clues to the localization of a tumor.

Diagnostic Evaluation
In children with suspected brain tumors, an MRI can be used to visualize the lesion. Contrast enhancement is 
important to assess tumor size as well as the potential for malignancy. Other MRI techniques may also be help-
ful such as MR spectroscopy, which sometimes shows elevated choline peaks in a fast growing malignancy.

Differential Diagnosis
Not all children with increased ICP have underlying brain tumors. For example, brain abscesses may occur in 
young children, especially in those with cyanotic congenital heart disease; an MRI can be used to substantiate 
the diagnoses. In pseudotumor cerebri or so-called benign increases in ICP, neuroimaging studies are normal 
and document the absence of a structural lesion. Hydrocephalus may also lead to increased ICP, although 
 hydrocephalus without a tumor usually is not associated with papilledema.

If the history, physical examination, and laboratory evaluation indicates a probable brain tumor,  several 
types are possible. Th ree of the common brain tumors in children—medulloblastomas, astrocytomas, and 
 ependymomas—often arise in or near the cerebellum. Although these tumors arise from diff erent structures, 
their clinical manifestations may be similar. In all tumors involving the cerebellum, the ventricular system may 
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become  obstructed, leading to increasing ICP. Vomiting, headache, and unsteadiness of gait (ataxia) are the 
most common manifestations and are generally present for several weeks before the diagnosis is established. 
 Unsteadiness of gait results in children holding their feet far apart in an attempt to steady themselves while walk-
ing. Th ey may fall and use objects or the wall for support. Hemispheric cerebellar lesions such as  astrocytomas 
may also lead to dysmetria. An MRI generally substantiates the diagnosis. Medulloblastoma is typically seen 
in the midline cerebellum and results in trunkal ataxia, whereas the ependymomas are most commonly found 
within the fourth ventricle resulting in hydrocephalus without abnormalities in neurologic examination.

Tumors of the brainstem are usually malignant not only because of their biology but also because of their 
location. Th ese tumors arise most commonly from the pons (pontine glioma) and result in gross enlargement of 
the brainstem, commonly caused by infi ltration. Some tumors in this area result in signs and symptoms caused 
by torsion or pressure on the brainstem.

In brainstem tumors (most are astrocytomas), cranial nerve palsies are very common. In early stages, signs 
and symptoms of increased ICP may be absent. Facial muscle weakness, strabismus, and swallowing diffi  cul-
ties may be accompanied by gait disturbances, vomiting, or gradual onset of hemiparesis. Children may have a 
head tilt and evidence of extensor plantar responses. Involvement of one or more cranial nerves, especially when 
fi ndings suggest long tract (corticospinal) involvement, should prompt the examiner to localize the lesion to the 
brainstem. Th e progression of symptoms and signs is often relentless, and children may experience involvement 
of several cranial nerves, increasing paralysis, and impaired consciousness.

Th e most common midline tumor is the craniopharyngioma. Other midline tumors include optic nerve 
gliomas and pineal region tumors. Craniopharyngiomas are generally slow-growing tumors located in the supra-
sellar region; if they expand forward, they can press against the optic chiasm. With further expansion to other re-
gions, they may compress the pituitary gland and the third ventricle. Because of the proximity to the optic chiasm, 
impaired vision or defects in the peripheral fi elds of vision such as unilateral or bitemporal fi eld cuts are common. 
Routine school examination may lead to the discovery of diminished vision, frequently in one eye, in otherwise 
apparently asymptomatic children. Other signs and symptoms include growth failure, endocrine  abnormalities, 
and, later on, obstructive hydrocephalus as the tumor grows backward and obstructs the ventricle.

Optic nerve gliomas are one of the most common intracranial tumors in neurofi bromatosis type 1. 
 Diminished vision in one eye (of which children may not be aware) is the most common fi nding; other fi ndings 
are exophthalmos, strabismus, nystagmus, and optic atrophy. A clinician who may suspect a tumor in a child 
with cutaneous signs of neurofi bromatosis type 1 can readily make the diagnosis with neuroimaging studies.

Hemispheric tumors account for approximately one-third of brain tumors in children. Th ese are mostly 
astrocytomas and oligodendrogliomas. Many are benign but some are malignant. Because of their location in the 
cerebral hemispheres, seizures, either generalized or with a focal component, are a common presenting feature.

Management
Treatment of brain tumors in children, which depends on the biology and location of the particular tumor, usu-
ally involves a multidisciplinary team approach. In some tumors (e.g., unilateral confi ned optic glioma), careful 
observation and follow-up may be prudent. For most, surgery is indicated. In the event of a malignancy, concur-
rent radiation and/or chemotherapy is sometimes indicated. For most tumors, clinical trials are available at many 
centers. See Suggested Readings for a further discussion of treatment eff ects.
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NEPHROLOGY
Hridya Suman, Frederick J. Kaskel, and Juan C. Kupferman

EVALUATION OF KIDNEY FUNCTION
By convention, kidney function is usually interpreted as the degree of glomerular fi ltration. However, the  kidneys 
have many other functions that may be assessed by both laboratory and imaging studies (Table 20-1).

Assessment of Renal Status and Evaluation of Parenchymal Damage
Th e fi rst study in the evaluation of children with suspected renal disease is complete urinalysis, which yields in-
formation about the overall function of the urinary tract. Th e presence of proteinuria may be indicative of renal 
parenchymal damage. Hematuria, either macroscopic or microscopic, is an important manifestation of renal 
disease, although other urinary tract and systemic entities may present with hematuria. Furthermore, a urine 
dipstick that is positive for blood may refl ect the presence of not only red blood cells (RBCs) but also hemoglo-
bin and myoglobin. Analysis of the urine sediment confi rms the presence of RBCs (hematuria) or white blood 
cells (WBCs), diff erent types of casts, crystals, and bacterias (see hematuria).

Assessment of Glomerular Filtration
Th e glomerular fi ltration rate (GFR) provides a broad refl ection of the functioning nephron mass. In common 
clinical practice, GFR can be evaluated by measuring serum creatinine (SCr), blood urea nitrogen (BUN), and 
creatinine clearance, or by performing a renal radionuclide scan.

Serum Creatinine

Creatinine is synthesized predominantly in the skeletal muscle and is excreted exclusively through the kidneys. 
In general, the rate of creatinine synthesis remains constant, and its serum concentration refl ects the rate of 
renal elimination. Th erefore, an elevated SCr concentration denotes a diminished renal clearance of creatinine 
and a decline in GFR. It is important to remember that SCr is lower in children than in adults. After the fi rst 
days of life (with SCr higher, close to maternal levels), the normal SCr in infants is about 0.3 to 0.4 mg/ dL and 
increases slowly up to 0.9 to 1.0 mg/dL in adolescents.

Blood Urea Nitrogen

BUN is the fi nal product in the metabolism of proteins and is excreted by the kidneys. Urea is freely fi ltered by 
the glomerulus, but is also reabsorbed in the renal tubules, making the BUN a less reliable indicator of the GFR. 
Furthermore, extrarenal factors may increase (e.g., gastrointestinal [GI] bleeding, dehydration, increased protein 
intake, or catabolism) or decrease (e.g., decreased protein intake, malnutrition, liver disease) the concentration 
of BUN, independent of renal function.

Creatinine Clearance

Creatinine clearance is a relatively accurate test to assess GFR in pediatric patients. One disadvantage of 
this method is the need for a 24-hour urine collection, which may be diffi  cult to obtain in young children. 
Th e following formula is used:

CCr (mL/min/1.73m2) �   
UCr(mg/dl) � UV(mL/day) � 1.73(m2)

    __________________________________    
SCr(mg/dL) � 1440 (min) � BSA (m2)
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 TABLE 20-1

Laboratory and Imaging Studies Used to Evaluate Renal Status

Laboratory Studies

Blood

• Serum sodium, potassium, chloride, bicarbonate, pH, PCO
2
, anion gap

• SCr, BUN, CCr (Schwartz formula for estimation of CCr)

• Calcium, phosphorus, alkaline phosphatase, magnesium, uric acid

• Hematocrit/hemoglobin, reticulocyte count, iron studies

• Hormone or enzyme serum levels: renin, aldosterone, vasopressin, parathyroid hormone, erythropoietin, 
vitamin D

3

Urine

• Urinalysis: specifi c gravity, pH, dipstick, protein, blood, urine sediment

• Urine electrolytes, fractional excretion of electrolytes, urinary anion gap

• Urine osmolality

• Calcium:creatinine ratio, protein:creatinine ratio

• Microalbuminuria

• Urine culture

Kidney

• Renal biopsy: histology, immunofl uorescence, electron microscopy

Imaging Studies

• Renal and bladder ultrasound

• Doppler ultrasound

• Radionuclide renal scan

• VCUG, nuclear cystogram

• Intravenous pyelogram

• Computed tomography

• MRI, magnetic resonance arteriography

• Arteriography

where CCr equals creatinine clearance, UCr equals urine creatinine concentration, UV equals urine  volume, 
1440 is the time of collection in minutes (24 hours), and BSA is the patient’s body surface area. It is important to 
note that creatinine clearance is expressed in relation to BSA and that the normal range has been  standardized 
to a BSA of 1.73 m2. GFR is low at birth (20 mL/min/1.73 m2), increases to 60 mL/min/1.73 m2 by the fi rst 
month of life, and reaches normal adult levels by the second year of life.

CASE 20-1
A 4-year-old boy has a SCr of 0.5 mg/dL, a UCr of 30 mg/dL, a UV of 1000 mL/day, and a BSA of 0.7 m2. 

By using the formula for creatinine clearance, his GFR (by creatinine clearance) is:

  
30 (mg/dL) � 1,000 mL � 1.73m2

   _____________________________   
0.5 (mg/dL) � 1,440 min � 0.7m2

   � 103 mL/min/1.73m2

Th e adequacy of the 24-hour collection can be determined by total creatinine content. An adequate 24-hour 
urine collection should have at least a total creatinine content of 15 mg/kg in a female or 20 mg/kg in a male.

BUN, blood urea nitrogen; CCr, creatinine clearance; MRI, magnetic resonance imaging; SCr, serum creatinine; VCUG, 

contrast voiding cystourethrogram.
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Schwartz Formula

It is easier to estimate the GFR using a mathematical (Schwartz) formula without the need of a 24-hour urine 
collection. It requires only the patientís height and SCr, as follows:

GFR �   
k � height (cm)

  ______________  
SCr(mg/dL)

  

where k (constant) equals 0.33 for low birth weight infants, 0.45 for term average for gestational age (AGA) 
infants, 0.55 in children and adolescent females, and 0.7 in adolescent males. Th e result is expressed directly for 
1.73 m2 of BSA.

CASE 20-2
A 5-year-old boy has a height of 110 cm and a SCr of 0.5 mg/dL. By using the Schwartz formula, his 

estimated GFR is:

  0.55 � 110 __________ 
0.5

   � 121 mL/min/1.73m2

Modifi ed Schwartz Formula

Th e Schwartz formula overestimates the GFR when compared to the plasma clearance of iohexol, which is cur-
rently used as the standard method in studies. Hence, modifi cations to the Schwartz formula have been devised, 
based on height, SCr, cystatin C, BUN, and gender through the Chronic Kidney Disease in Children cohort. 
Th e other tests used for renal function include the Cockcroft-Gault and modifi cation of diet in renal disease 
formulas that are SCr-based equations, and the Cystatin C formula, based on Cystatin C, which is a small pro-
tein expressed throughout the body, freely fi ltered, and completely reabsorbed and catabolized by  tubular cells. 
It is useful in detecting changes in GFR between 60 and 90 mL/min/1.73 m2.

Radionuclide Scan

In specifi c situations, it is necessary to evaluate each kidney GFR separately by radionuclide  studies.  Quantitative es-
timation of the GFR during renal imaging studies is used for assessing renal function.  Technetium-99m–labeled 
diethylenetriamine pentaacetic acid (99mTc-DTPA) or 51-chromium-EDTA (Cr-EDTA) clearance, may be used 
to measure GFR (see Assessment of Renal Structure).

Functional MRI

Functional magnetic resonance imaging (fMRI) techniques have been developed over the last few years for 
the evaluation of perfusion, renal excretory function, and intrarenal oxygenation using MRI. Renal  perfusion, 
 redistribution of intrarenal blood fl ow and GFR estimation have been studied using contrast agents such as 
gadolinium. Blood oxygenation level-dependent MRIs have been used to study renal ischemic injury and 
 hypertension. Th ese techniques are still evolving and require further studies.

Assessment of Renal Concentration and Dilution Capacity
Th e renal concentration capacity is commonly assessed by measuring the urine specifi c gravity and the urine 
 osmolality. Urine specifi c gravity refl ects the ratio between the weight of an amount of urine and the weight of 
the same amount of distilled water. Because the weight of urine is determined by the number of solutes dissolved, 
 specifi c gravity indirectly refl ects the urine concentration of the solutes. However, specifi c gravity has  limitations; 
any solute in the urine (e.g., protein, glucose) may increase the urine weight and, therefore, be  refl ected in the spe-
cifi c gravity evaluation. Th e urine specifi c gravity may vary between 1.000 and 1.030,  depending on the  hydration 
status. Urine osmolality is a more accurate method of assessing the renal concentration capacity  because it mea-
sures the number of osmotically active solutes present in a solution. If a renal concentration defect is suspected, a 
water deprivation test may be necessary for confi rmation and for diagnosing either a renal or an extrarenal cause.

Assessment of Renal Acidifi cation
To evaluate a renal acidifi cation defect, the excretion of NH

4
� should be assessed by the urine net charge 

(or urinary anion gap) (see Renal Tubular Acidosis). Th e appropriate renal response in metabolic acidosis should 
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be the excretion of an acid urine. Th e urine pH is another tool to assess the renal acidifi cation process. If the 
urine pH is high in a child with acidosis, it suggests a renal acidifi cation defect. A complete evaluation may 
include other studies, such as fractional excretion of bicarbonate (HCO

3
�) and urinary PCO

2
.

Assessment of Renal Handling of Electrolytes
Th e kidneys are important regulators of fl uid and electrolyte balance, although other factors, such as hormones 
(e.g., antidiuretic hormone, aldosterone, parathyroid hormone, vitamin D3, insulin) also participate in the complex 
regulation of sodium, potassium, chloride, bicarbonate, calcium, phosphorus, and magnesium. Th e serum electro-
lytes may refl ect the consequence of the interaction between extrarenal and renal factors. It is important to note 
that the level of a particular electrolyte does not necessarily refl ect the content of that electrolyte in the body.

Urine electrolytes may be measured in a 24-hour urine collection or in a random urine sample. Th e frac-
tional excretion of an electrolyte expresses the amount excreted related to the amount fi ltered, as a percentage. 
Th e fractional excretion of sodium (FE

Na
), a useful parameter in the evaluation of oliguria, can help diff erentiate 

between prerenal and renal causes of acute renal failure (ARF). Th e FE
Na

 is calculated as follows:

FE 
Na

 � 
 
  
Urine Na (mEq/L) / Serum Na (mEq/L) 

    __________________________________    
Urine Cr (mg/dL) / Serum Cr (mg/dL)

   � 100

In prerenal oliguria, the FE
Na

 is less than 1%. In acute tubular necrosis, the FE
Na

 is greater than 2%.

CASE 20-3
A 1-year-old girl presents with decreased urine output. She has a history of vomiting and diarrhea. Serum 

Na is 136 mEq/L, SCr is 1.0 mg/dL, urine Na is 6 mEq/L, and urine Cr is 20 mg/dL. Her FENa is
6/136 � 20/1.0 � 100 � 0.22%, consistent with a prerenal cause of oliguria (dehydration secondary to 
 vomiting and diarrhea).

Assessment of Hormone Production
Th e kidneys also have important endocrine functions. Many diff erent substances are produced or metabolized 
by the kidney. Erythropoietin production is impaired in children with renal failure, leading to chronic anemia. 
Vitamin D3 (1,25-dihydroxycholecalciferol) is also decreased in renal failure secondary to a decrease in the 
1-hydroxylation of 25-hydroxyvitamin D3, which normally occurs in the kidneys. Renin is produced by the 
 kidneys and is elevated in some forms of hypertension. Th e plasma renin activity level can be measured during 
the evaluation of hypertensive disease. Th e kidneys are also the target organs for substances produced elsewhere 
in the body (e.g., aldosterone and antidiuretic hormone), which may be measured in plasma.

Assessment of Renal Structure
Urinary tract (kidneys and bladder) ultrasonography is usually the fi rst imaging study in the evaluation of 
a child with possible kidney disease. It provides excellent information about renal size, parenchymal texture, 
size of the collecting system, and anatomy of the bladder. It allows for the detection of hydronephrosis, cysts, 
calculi,  duplicated kidneys, and ureterocele, although it cannot detect vesicoureteral refl ux (VUR) and does not 
provide any information about renal function. Doppler ultrasonography is used to assess blood velocity in the 
renal vessels to provide information about the patency and fl ow, to calculate resistive indices (RI), and to detect 
signifi cant arterial stenosis. It is limited in sensitivity and by the position of the vessels and hence is used as a 
screening tool.

A contrast voiding cystourethrogram (VCUG) is a fl uoroscopic study in which the contrast media is 
 injected into the bladder via an indwelling catheter. Appearance of the dye above the level of the bladder  indicates 
the presence of VUR. VCUG may not only confi rm the presence of VUR but may also give  information about 
bladder and urethral anatomy, including the presence of posterior urethral valves in males.

Radionuclide renal imaging is useful for assessing the glomerular fi ltration and the relative  contribution of 
each kidney to overall renal function, and for evaluating urinary obstruction. Radionuclide renal imaging is also 
used for evaluating renal parenchyma and VUR. 99mTc-DTPA is one of the agents most frequently used because 
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 TABLE 20-2

Genetic Forms of Nephrotic Syndrome

Gene/Protein Location Phenotype Inheritance

NPHS/nephrin Slit diaphragm CNF AR

NPHS2/podocin Slit diaphragm FSGS AR

CD2AP/CD2AP Near slit diaphragm FSGS

TRPC6/TRPC6 Podocyte FSGS AD

WT1 Podocyte FSGS AR

ACTIN4 Foot process FSGS AD

tRNALeu Podocyte FSGS

COQ2 Podocyte FSGS

AD, autosomal dominant; AR, autosomal recessive; CNF, congenital nephrotic syndrome.

it is excreted only by glomerular fi ltration. Technetium 99m–labeled mercaptoacetyltriglycine (99mTc-MAG-3) 
is another commonly used agent. Diff erential kidney function measurements are useful when renal function is 
asymmetric, such as in unilateral renal hypoplasia, scarring, or renal vascular lesions. Technetium 99m–labeled 
dimercaptosuccinic acid, which binds to cortical tubular cells, is the agent of choice for the evaluation of renal 
scarring and acute infl ammation. Radionuclide voiding cystography (RVC) involves introducing a technetium 
99m–labeled radiopharmaceutical in the bladder through a urethral catheter and fi lling the bladder to capac-
ity with sterile normal saline. A gamma camera behind the patient provides continuous computer recording of 
bladder fi lling and voiding to detect VUR. Advantages of RVC are a lower radiation dose than with VCUG 
and continuous monitoring for refl ux during the study. Th e major disadvantage of RVC is that it provides less 
anatomic information than VCUG. RVC does not provide any anatomic evaluation of the urethra, which is 
necessary to exclude posterior urethral valves in males. It is used in follow-up studies for VUR.

Th e intravenous pyelogram was previously used to evaluate the anatomy of the kidney and collecting 
system, but has now been replaced by less invasive and safer studies. Computed tomography (CT), magnetic 
resonance imaging (MRI), or angiography may be used in such cases.

Assessment of Renal Histology
A renal biopsy is sometimes necessary to establish a specifi c diagnosis in children with renal disease. It is a safe 
procedure, which can be done either percutaneously or by open surgery. Th e percutaneous technique is the most 
commonly used and can be guided by ultrasound or CT. Th e sample is evaluated by histologic and immunologic 
staining methods and by electron microscopy.

PROTEINURIA AND NEPHROTIC SYNDROME
Th e occurrence of proteinuria in a single urine specimen in children and adolescents is relatively common. 
About 5% to 15% of children have a random urine specimen showing proteinuria by urine dipstick. However, 
proteinuria may indicate the presence of renal injury, progression of renal disease, and is an independent risk 
factor for cardiovascular disease.

Th e nephrotic syndrome is characterized by massive proteinuria, hypoalbuminemia, edema, and 
 hyperlipidemia; the most common presenting symptom is edema. Th e primary renal abnormality is an  increased 
glomerular permeability due to alterations in the glomerular fi ltration barrier; that is, the fenestrated  endothelium, 
glomerular basement membrane, podocytes, and slit diaphragm. Mutations of the slit diaphragm or podocytes 
have been discovered in several forms of congenital nephrotic syndrome (Table 20-2). An  immunologically 
 mediated decrease in the anionic charge on the glomerular fi ltration barrier also results in proteinuria. Th e 
 urinary protein loss generally exceeds 40 mg/h/m2 and is composed primarily of albumin (albuminuria).
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Pathophysiology
Th e normal rate of protein excretion in the urine is less than 4 mg/m2/h throughout childhood. Approximately 
50% of this small amount of protein consists of Tamm-Horsfall protein, a glycoprotein secreted by the re-
nal tubules. Another 50% are plasma proteins fi ltered by the glomeruli, including albumin, β

2
-microglobulin, 

and transferrin. Albumin comprises less than 30% of the total urinary protein excretion in normal indi-
viduals. Th e modest proteinuria that is normally present is usually not detected on routine dipstick testing. 
Th e low excretion rate of protein occurs because large serum proteins (e.g., albumin, immunoglobulins) are not 
 fi ltered by the glomeruli and because the proximal tubules reabsorb most of the fi ltered  low-molecular-weight 
 proteins (e.g., insulin, β

2
-microglobulin). Excess urinary protein losses may be caused by increased  permeability 

of the glomeruli to the passage of proteins (glomerular proteinuria) or by decreased reabsorption of 
low- molecular-weight proteins by the renal tubules (tubular proteinuria).

Increasing levels of proteinuria are known to be predictors of progressive renal damage in children with 
proteinuric renal disease. Persistent proteinuria seems to be both a marker of renal disease and a cause of 
 progressive renal injury. Severe persistent proteinuria is a long-term risk factor for atherosclerosis in children. 
It is associated with a variety of metabolic disturbances that contribute to cardiovascular disease, including 
 hypercholesterolemia, hypertriglyceridemia, and hypercoagulability.

Clinical edema usually appears when the serum albumin level falls below 2.5 g/dL. Th e current understanding 
for the mechanisms for the development of edema include an intrinsic renal abnormality leading to increased renal 
tubular reabsorption of sodium and water. Transudation of fl uid from the intravascular space into the  interstitium 
secondary to hypoalbuminemia, decreased oncotic pressure, and activation of the  renin-angiotensin-aldosterone 
system leading to salt and water retention has not been fully borne out by studies. Hyperlipidemia is 
secondary to both an increase in lipoprotein synthesis by the liver due to low albumin and oncotic pressure, 
and a decrease in lipid catabolism resulting from reduced activity of the enzyme lipoprotein lipase and lecithin 
cholesterol acetyltransferase. Hepatic uptake of low-density lipoprotein also decreases.

Clinical and Laboratory Evaluation
Children with nephrotic syndrome may present with a history of mild puffi  ness around the eyes, especially in 
the morning. Th is sign is often confused with manifestations of allergy. Th e edema can progress further, resulting 
in ascites, pleural eff usion, and scrotal or labial edema. When fever is present, it may refl ect sepsis, pneumonia, 
or peritonitis.

History

Th e search for the signifi cant underlying renal disease begins with a careful history. Impairment in growth and 
development, unexplained polydipsia or polyuria, hearing loss, or visual problems increase the suspicion of a 
 signifi cant underlying renal disease. Th e medical history should include perinatal events such as  oligohydramnios; 
a history of previous infections such as upper respiratory tract infection; symptoms of bladder dysfunction such 
as frequency or dysuria; and systemic symptoms such as headache, edema, and joint pain. A thorough inquiry 
into the patient’s medication history is necessary. Family history of renal diseases or renal failure is important. 
Assessment of any changes in urine output warrant evaluation.

Physical Examination

In patients with proteinuria, the physical examination is usually unremarkable. Th e patient’s height and weight 
should be plotted on a growth chart to assess the nutrition and growth status. In patients with established  nephrotic 
syndrome, a careful physical examination is essential to assess the severity of disease and to determine whether the 
child needs to be hospitalized. Examination fi ndings help to distinguish nonrenal causes of  edema such as cardiac, 
hepatic, or nutritional factors and to exclude the possible involvement of systemic  diseases. Th e fi rst step should 
be an assessment of the vital signs and of hemodynamic stability. Orthostatic changes in blood pressure along 
with decreased peripheral perfusion may indicate a decrease in the intravascular volume. Edema may appear in the 
extremities, in the abdomen, in the pleural space, in the scrotum or labia majora, or around the eyes. Auscultation 
of the lungs is important to evaluate for a pleural eff usion or signs of  consolidation. Palpation of the abdomen is 
necessary for the evaluation of ascites and to rule out peritonitis in patients with fever and abdominal pain.

Laboratory Evaluation

testing for proteinuria. Th e urinary dipstick test, the most commonly used screening test for proteinuria, 
primarily detects urinary albumin. False-negative results may occur with very dilute urine. False-positive results 
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Abnormal urine dipstick 
protein in an afebrile child

Obtain first AM void for urine total
protein:creatine ratio and urinalysis 

with microscopic examination

Consult a pediatric nephrologist
who will consider a kidney biopsy 
and define appropriate therapy 

based on the findings

Further Evaluation:

first AM void in 1 year

 0.2 mg protein/mg
 creatine and 

normal urinalysis

 1

0.2 mg protein/mg
 creatine and 

normal urinalysis

FIGURE 20-1. Evaluation of asymptomatic persistent proteinuria in children and adolescents. If the urinalysis is normal 
and the protein:creatinine ratio is less than 0.2, no additional studies are necessary. However, if the urinalysis shows other 
abnormalities or the fi rst-morning urine protein:creatinine ratio is greater than 0.2, the blood level of albumin,  cholesterol, 
creatinine, and electrolytes should be determined. A low serum albumin along with an increase in serum lipid levels 
 confi rms the diagnosis of nephrotic syndrome. Additional laboratory studies are indicated to rule out secondary causes. 
 Antistreptolysin O and streptozyme levels may be useful to rule out previous streptococcal infection. Serum  complement 
levels C3 and C4 and antinuclear antibodies (ANAs) assist in the diagnosis of systemic lupus erythematosus (SLE). 
 Serologic studies for hepatitis B and C, and HIV should also be considered. BUN, blood urea nitrogen. From Hogg RJ et al: 
Evaluation and management of proteinuria. Pediatrics 105:1244, 2000.

may occur with concentrated or very alkaline urine (pH �8), gram-negative bacteria, detergents, or skin cleans-
ers containing ammonium salts.

Evaluation of children with persistent proteinuria is complex (Figure 20-1). Several methods to test for 
proteinuria are available (Table 20-3). Th e most accurate method is the 24-hour urine collection. However, it is 
inconvenient and diffi  cult to obtain in children. Th erefore, a spot urine test for protein and creatinine has be-
come the most common method to quantify proteinuria in children. It should be obtained preferably in a fi rst-
morning urine specimen, as urine protein concentration can vary widely during the day. Studies have indicated 
that the urine protein:creatinine ratio accurately refl ects 24-hour urine protein excretion. In addition, a renal 
sonogram should be obtained in children with persistent proteinuria.

In most children with nephrotic syndrome, a renal biopsy is not required for initial diagnosis because the major-
ity have minimal change disease. If nephrotic syndrome develops during the fi rst year of life or during adolescence, or 
if a child presents with features that make the possibility of minimal change disease less likely (e.g., a decrease in renal 
function, hypertension, gross hematuria, or hypocomplementemia), a biopsy should be considered before treatment. 
Children with nephrotic syndrome have a urine protein:creatinine ratio greater than 2.0 or a 24-hour urine protein 
excretion of more than 40 mg/m2/h (or more than 50 mg/kg/day, more than 10 times the normal range).
testing for albuminuria. Specifi c measurement of albumin in the urine (microalbuminuria) is a more 
 accurate measurement than a routine urinalysis dipstick in assessing the degree of albuminuria. Increased urine 
albumin excretion appears before other measurable changes in renal function. Levels of urine albumin excre-
tion below the sensitivity of the dipstick have been referred to as microalbuminuria, which is defi ned as urine 

770309_Ch_20.indd   541770309_Ch_20.indd   541 5/6/11   2:07:22 PM5/6/11   2:07:22 PM



542   SECTION II ■ PEDIATRIC SUBSPECIALTIES

albumin excretion between 30 and 300 mg per 24 hours. To simplify testing, a fi rst-voided urine can be analyzed 
for its albumin (milligram) to creatinine (gram) ratio. A ratio (albumin:creatinine) greater than 30 is considered 
abnormal.

Pediatric Pearl: It is important to note that children with microalbuminuria may have a 
normal urinalysis.
Pe
no

Studies have shown that the presence of microalbuminuria is a sensitive indicator of kidney disease in diabetes 
mellitus. Testing for microalbuminuria is indicated in children with diabetes to check for early kidney involvement.

Differential Diagnosis
When proteinuria is detected, it is important to determine whether it is transient, orthostatic, or persistent. Transient 
proteinuria (e.g., associated with fever, dehydration, stress, exercise) is not considered to be  indicative of underlying 
renal disease. Orthostatic proteinuria, which rarely exceeds 1 g/m2/day, is defi ned as an elevated protein excretion in 
the upright position, but is normal during recumbency. It occurs in school-age children. Long-term follow-up studies 
have documented the benign nature of orthostatic proteinuria. However, there have been a few reports of renal dis-
ease identifi ed later in life in children who were initially found to have orthostatic proteinuria. Persistent proteinuria 
is defi ned as proteinuria over 1� by dipstick on multiple occasions and is abnormal and should be investigated.

Nephrotic syndrome can be divided into two major categories (Table 20-4). In primary, or idiopathic 
nephrotic syndrome, the etiology is unknown. Th e three histologic types of idiopathic nephrotic syndrome by 
renal biopsy are minimal change nephrotic syndrome, focal segmental glomerulosclerosis (FSGS), and mem-
branous nephropathy (MN). Whereas the incidence of nephrotic syndrome has remained stable for decades, the 
distribution of histologic types apparently has changed due to an increase in the incidence of FSGS.

In secondary nephrotic syndrome, a renal disorder appears during the course of another systemic disease 
or during drug treatment. Th e most common form of nephrotic syndrome in childhood is minimal change dis-
ease, which accounts for 85% of cases.

Management
It is recommended that children with proteinuria receive the recommended daily allowance of protein for   age. 
High dietary protein intake may worsen proteinuria and does not improve hypoalbuminemia.

Corticosteroids are the drugs of choice in childhood nephrotic syndrome (Figure 20-2). Oral prednisone 
or prednisolone (60 mg/m2/day or 2 mg/kg/day; maximum: 80 mg/day) is given daily for 4 to 6 weeks. Th en, 
the dose is tapered to 40 mg/m2/day on alternate days for another 4 to 6 weeks to minimize side eff ects such 
as growth retardation. Th is form of therapy results in complete remission in more than 90% of patients. A pro-
longed initial treatment with prednisone (6 weeks of daily followed by 6 weeks of alternate-day administration) 
has been found to decrease the frequency of relapses. If the patient does not respond to steroids in 4 to 6 weeks, 
a renal biopsy is indicated for histologic diagnosis. Most children (60% to 80%) experience a number of relapses 
of nephrotic syndrome. Treatment for relapses involves a short course of daily steroids at the initial higher dose 

 TABLE 20-3

Laboratory Testing for Proteinuria

Method Normal Range

Dipstick Negative

Protein:creatinine ratio �0.5 (mg protein/mg creatinine) in children 6–24 months of age
�0.2 (mg protein/mg creatinine) in children �2 years of age

24-hour urine for protein �4 (mg protein/m2/h) or �5 (mg protein/kg/day)

Microalbuminuria �30 (mg albumin/g Cr)
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until the urine is free of protein for 3 days, followed by the alternate-day schedule for 4 to 6 weeks at the lower 
dose. Th e edema improves in steroid-responsive patients as soon as the proteinuria decreases, the serum albumin 
increases, and the driving forces for edema formation disappear.

Cytotoxic agents are indicated in steroid-dependent nephrotic syndrome, and in frequent relapsers, when 
steroid side eff ects become a problem. Cyclophosphamide or chlorambucil, given for 8 to 12 weeks, may achieve 
long periods of remission and reduce the need of steroids. Both drugs have signifi cant side  eff ects that  include 
infection, leukemia, gonadal dysfunction, hemorrhagic cystitis, and bone marrow suppression.  Levamisole, 
 cyclosporine, and mycophenolate-mofetil also have been found to reduce the frequency of relapses.  Calcineurin 
inhibitors such as Cyclosporine A and Tacrolimus are increasingly used in patients with steroid-resistant 
 nephrotic syndrome. Cyclosporin has serious adverse eff ects (hypertension, hyperkalemia, hypertrichosis, gin-
gival hyperplasia). Renal insuffi  ciency, initially transitory, can become permanent due to interstitial fi brosis. 
 Tacrolimus is reported to have a similar profi le but less cosmetic side eff ects than cyclosporin. Often, proteinuria 
recurs when the treatment is discontinued. A multicenter, prospective, controlled, randomized trial, sponsored 
by the National Institutes of Health, is in progress for patients younger than 40 years of age who have biopsy-
proven FSGS and who have been assigned to treatment with either pulse steroids plus mycophenolate-mofetil 
or to cyclosporine. Adjunctive therapy with angiotensin-converting enzyme (ACE) inhibitors and angiotensin 
receptor blockers in patients with steroid-resistant nephrotic syndrome is now being used more frequently. It 
decreases the rate of protein excretion and has a protective eff ect on renal function.

In patients with severe edema, intravenous albumin (1 g/kg of 25% albumin) administered in  conjunction 
with diuretics may be of help. It must be remembered that this is only a temporary therapy and carries the risk 
of inducing hypertension, fl uid overload, and pulmonary edema. During chronic management of patients with 
nephrotic syndrome, fl uid restriction is generally not necessary, although a low-sodium diet is indicated to 
 counteract the alterations in sodium metabolism.

Complications in nephrotic syndrome may derive from the disease itself or from its treatment. As neph-
rotic children lose immunoglobulin G (IgG) in the urine, they are at increased risk for infections (e.g., cellulitis, 
peritonitis, pneumonia). Antibiotics with broad-spectrum coverage of both gram-positive and gram-negative 
organisms are appropriate until culture results are available. A serious complication is the risk of a thromboem-
bolic event secondary to a hypercoagulability state. Avoidance of arterial punctures and of diuretics during 
periods of  hypovolemia may be of help in preventing thrombosis. Growth retardation is one of the multiple 
side eff ects of long-term steroid therapy; however, administering steroids on alternate days may reduce this 
eff ect. Children may need treatment with calcium and vitamin D for bone mineral density. Statins are used 

 TABLE 20-4

Etiologic Classifi cation of Nephrotic Syndrome in Children

Primary Nephrotic Syndrome

Minimal change nephrotic syndrome

Focal and segmental glomerulosclerosis

Membranous nephropathy

Membranoproliferative glomerulonephritis

Congenital nephrotic syndrome

Secondary Nephrotic Syndrome

Infections: Hepatitis B and C, syphilis, HIV, malaria

Malignancies: Lymphoma, leukemia

Miscellaneous: Diabetes, systemic lupus erythematosus, amyloidosis, Alport syndrome, Henoch-Schönlein 
purpura, sickle cell disease

Drug reaction (drug-induced nephrotic syndrome): NSAIDs, gold, lithium, interferon, heroin

NSAID, nonsteroidal anti-infl ammatory drug. 
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for control of hyperlipidemia and prevention of premature atherosclerosis, and may be reno-protective due to 
their anti-infl ammatory eff ects.

HEMATURIA AND GLOMERULONEPHRITIS
Hematuria may be gross (macroscopic) or microscopic. By defi nition, gross hematuria is the presence of enough 
blood in the urine to change its appearance to naked eye inspection and, therefore, is easily recognized. In con-
trast, microscopic hematuria, an abnormal number of RBCs in the urine, should be defi ned more precisely to 
include all patients with disease and exclude patients without disease. By defi nition, microscopic hematuria is 
more than fi ve RBCs per high power fi eld. Macroscopic hematuria, which is tea or cola colored, is glomerular in 
origin, whereas red or pink urine is usually from the lower urinary tract.

Pathophysiology
Glomerulonephritis is an important cause of hematuria in children. Glomerular disease may result from 
 immunologic abnormalities, coagulation disturbances, biochemical defects, or direct toxic insults. Immunologic ab-
normalities appear to be the predominant mechanism for glomerular disease in humans. Renal injury may be due to 
one of several immunologic processes: circulating autoantibodies to glomerular antigens, deposition of circulating 
 antigen–antibody complexes in the glomeruli, and cell-mediated processes damaging the glomeruli. Th e glomerular 
antigen may be a normal component of the glomerulus or an antigen that has been deposited in the glomerulus.

Nephrotic syndrome
likely minimal change disease

Start prednisone or prednisolone
for 4–6 weeks, then taper

Check urine periodically

Other treatment options:
cytotoxics, pulse 

steroids, cyclosporine

Remission
Dipstick negative or trace  proteinuria

No Remission

Relapses
2+ proteinuria or more for 3 days, 

or 3–4+ proteinuria plus edema

No Relapses

Steroid Dependent
Two relapses on tapering or

within 14 days of discontinuation

Frequent Relapser
Two or more within 6 months

or four within 12 months

Steroid Resistant

Renal Biopsy

Steroid Responsive

Nephrotic syndrome
unlikely minimal change disease

FIGURE 20-2. Management and response to treatment in children with nephrotic syndrome.
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Clinical and Laboratory Evaluation
History

Children with hematuria may present in one of three ways: (1) onset of gross hematuria, (2) onset of urinary or other 
symptoms with the incidental fi nding of microscopic hematuria, or (3) incidental fi nding of microscopic hematuria 
during a health evaluation. It is important to inquire about activities and symptoms that preceded or were concomi-
tant with the hematuria as well as history of hematuria, or other renal disease in family members (Table 20-5).

Children with acute glomerulonephritis typically present  with hematuria, edema, and hypertension, with 
or without oliguria. Gross hematuria is the presenting symptom in many patients. However, aff ected children 
may be completely asymptomatic, and the disease may be discovered when a routine urinalysis reveals micro-
scopic hematuria. Clinical edema, typically in the periorbital area, or a decrease in urine output are other sig-
nifi cant presenting signs. Nonspecifi c symptoms such as fever, anorexia, weakness, or headache may accompany 
the disease. Respiratory symptoms and neurologic abnormalities may indicate a severe ongoing process. Th e 
presence of extrarenal manifestations such as a purpuric skin rash, joint involvement, GI bleeding, or pleuritis 
may be more indicative of a systemic disease with renal involvement.

Physical Examination

A complete physical examination is important for the assessment of disease severity and for diagnosis of a 
secondary cause. (In children with asymptomatic microscopic hematuria, the physical examination is usually 
unremarkable.) Measurement of blood pressure and determination of growth pattern are the fi rst steps. Hyper-
tension and failure to thrive are commonly present in children with chronic renal disease. It is essential to address 
the presence and localization of edema. A sudden weight gain may relate to the presence of edema. Abnormal 
physical features may indicate a congenital syndrome with renal disease. Eye fundi should be examined to detect 
changes related to chronic hypertension or systemic diseases. Th e presence of tonsillar hypertrophy or resolving 
exudates may be present in a child with recent streptococcal pharyngitis. Auscultation of the chest is important 
to rule out cardiac failure and pulmonary edema. Hepatosplenomegaly is not an expected fi nding in primary 
glomerulonephritis, and its presence may indicate another systemic illness. Th e presence of an abdominal or fl ank 
mass suggests a renal tumor, obstructive uropathy, or multicystic or polycystic kidney disease. Pain and tenderness 
over the costovertebral angle or the suprapubic area suggest a urinary tract infection (UTI). Th e external genitalia 
should be examined for trauma, infection, or bleeding. Th e skin should be examined for infection or rashes.

Laboratory Evaluation

Th e most common test for the detection of RBCs in the urine is the urine strip test for blood (dipstick test).
Th e chromogen in the reagent strip specifi cally reacts with hemoglobin (or myoglobin) to produce an oxidized 

 TABLE 20-5

Personal and Family History in Children with Hematuria

History Possible Cause of Hematuria

Personal

 Streptococcal pharyngitis or impetigo
 Dysuria, urinary frequency
 Recurrent episodes of gross hematuria with
 viral illnesses
 Exercise
 Trauma

Poststreptococcal glomerulonephritis
Lower UTI
IgA nephropathy
Exercise-related hematuria
Trauma-related hematuria

Family

 Deafness and renal insuffi  ciency
 Urolithiasis
 Hematuria, isolated

Alport syndrome
Hypercalciuria, urolithiasis
Th in basement membrane disease

UTI, urinary tract infection. 
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product, which has a green-blue color. Th ese very sensitive strips can detect the presence of 2 to 5 RBCs/HPF 
Urinalysis with a fresh spun urine sample is needed to confi rm the presence of RBCs. Th e presence of RBC casts 
and dysmorphic RBCs is characteristic of glomerulonephritis (Table 20-6).

Urinalysis of family members may provide important information regarding the diagnosis and prognosis of 
the patient’s underlying disease. A stable relative with hematuria may indicate a favorable prognosis.

Urine for calcium-to-creatinine ratio (Ca:Cr) should be obtained to identify hypercalciuria (over 0.8 in 
children younger than 6 months, over 0.6 in children 7 to 18 months, and over 0.2 in children 6 years and older). 
A 24-hour urinary calcium excretion greater than 4 mg/kg confi rms the diagnosis. A urine culture should be 
obtained to exclude cystitis or pyelonephritis. Serum electrolytes, BUN, and SCr should be obtained to assess 
renal function; a complete blood cell count (CBC) should be obtained for anemia and infection; hemoglobin 
electrophoresis should be obtained if the sickle cell status is unknown; and prothrombin time and partial throm-
boplastin should be obtained time for coagulopathy.

Th e diagnosis of postinfectious glomerulonephritis requires the detection of both the glomerulonephritis 
and the cause of infection. In poststreptococcal glomerulonephritis, the success rate in obtaining a positive cul-
ture during an epidemic varies between 10% and 70%. Th e diagnosis usually depends on serologic criteria. An 
increase in titers of antistreptococcal antibodies indicates recent infection, but not all of these tests are equally 
useful. Antistreptolysin O (ASO) titers are less frequently elevated than anti-DNAse B titers (streptozyme). An 
immune-mediated process should be suspected if there is any alteration in the serum complement level or the 
presence of autoantibodies (Figure 20-3). In the fi rst week of poststreptococcal glomerulonephritis, the serum 
C3 and the total serum hemolytic complement are decreased in more than 90% of cases. Serum complement 
levels should normalize after 6 to 8 weeks of onset in children with poststreptococcal glomerulonephritis.

If hypocomplementemia persists beyond 8 weeks, the possibility of another diagnosis should be consid-
ered (membranoproliferative glomerulonephritis, lupus nephritis). Antinuclear antibody (ANA) for systemic 
lupus erythematosus (SLE), hepatitis B titers for MN, and hepatitis B and hepatitis C for membranoprolifera-
tive glomerulonephritis should also be obtained. A formal neurosensory test for hearing loss is necessary in any 
child with persistent hematuria.

Imaging studies may also be indicated. Urinary tract ultrasonography, a noninvasive study, is useful 
for the evaluation of children with hematuria. Other imaging studies may also be necessary (VCUG, CT, 
 radionuclide studies) in selected patients. A renal biopsy may be indicated in children with rapidly progressive 
 glomerulonephritis for histologic diagnosis and for assessment of severity of disease.

Differential Diagnosis
Th e causes of gross and microscopic hematuria in children are extensive (Table 20-7).

Macroscopic hematuria can be further divided as follows:

1. Glomerular disease: Postinfectious glomerulonephritis, immunoglobulin A (IgA) nephropathy,  Alport 
syndrome, thin basement membrane disease, systemic vasculitis (Henoch-Schönlein purpura, SLE), and 
others (membranoproliferative glomerulonephritis, membranous glomerulonephritis)

 TABLE 20-6

Laboratory Testing for Hematuria

Urine Dipstick for Blood/ Urinalysis Interpretation

Negative (dark or red urine) Foods, dyes, drugs, metabolites, or crystals in urine
(e.g., nitrofurantoin, rifampin, beets, blackberries)

Positive

• No/few RBCs Hemoglobinuria or myoglobinuria

• �5 RBCs Most likely normal; repeat periodically

• �5 RBCs Confi rms hematuria
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Goodpasture
syndrome

IgA
nephropathy

Acute post-
infectious GM

Membranous
GN

Fibrillary
GN

Many 
others

H-S
purpura

Lupus
purpura

Type I
MPGN

Type II
MPGN

Churg-Strauss
syndrome

Wegener
Granulomatosis

Anti-GBM
GN

ANCA
GN

Microscopic
polyangititis

Circulating anti-GBM
antibodies with linear
glomerular IF staining

Circulating ANCA with
paucity of glomerular IF
immunoglobulin staining

Glomerular immune 
complex localization with

granular IF staining

Antibody-mediated glomerulonephritis

With lung
hemorrhage

Without lung
hemorrhage Granulomas 

and no asthma

Subepithelial
deposits

Eosinophilia,
asthma, and
granulomas

No systemic
vasculitis

IgA and no
vasculitis

IgA and 
systemic
vasculitis

Acute
streptococcal/
staphylococcal

infection

Mesangio-
capillary
changes

Vasculitis with 
no asthma 

or granulomas

SLE 20 nm
fibrils

Other
features

GBM 
dense

deposits

FIGURE 20-3. Features that distinguish diff erent immunopathologic categories of antibody-mediated glomerulo-
nephritis. ANCA, antineutrophil cytoplasmic autoantibodies; AntiGBM, anti-glomerular basement membrane; CBC, 
complete blood count; Cr, creatinine; GBM, glomerular basement membrane; GN, glomerulonephritis; IF, immuno-
fl uorescence microscopy; H-S, Henoch-Schönlein; MPGN, membranoproliferative glomerulonephritis; SCr, serum 
creatinine. From Hellerstein S: Urinary tract infections in children. Am Fam Phys 57:2445, 1998.

2. Interstitial or tubular disease: Pyelonehritis, interstitial nephritis, papillary necrosis (sickle cell)
3. Urinary tract or vascular disease: Infection, nephrolithiasis, trauma, polycystic kidney disease, 

 coagulopathy, hemorrhagic cystitis, and renal vein thrombosis

Microscopic hematuria may be isolated and is asymptomatic or associated with proteinuria. Th e most 
 common causes of isolated asymptomatic proteinuria are thin basement disease, IgA nephropathy, idiopathic 
 hypercalciuria, and sickle cell disease trait.

Glomerulonephritis is considered primary when the kidney is the only involved organ and secondary when 
the renal involvement is part of a systemic disease. It can be acute, chronic, or rapidly progressive according to 
its clinical presentation and prognosis. Acute glomerulonephritis has a tendency for spontaneous resolution. 
Rapidly progressive glomerulonephritis refers to a marked and rapidly progressive deterioration in renal func-
tion. Chronic glomerulonephritis involves a persistent abnormal urine sediment with a slow and progressive loss 
of renal function over time.

Specifi c types of glomerulonephritis include:

• Poststreptococcal glomerulonephritis, the most common type of glomerulonephritis in children, results, 
indirectly, through an immunologic process, from group A 	-hemolytic streptococcus. Reported cases of 
acute glomerulonephritis following infection with many other bacteria and viruses have occurred. Gross 
hematuria mostly occurs 2 weeks after acute infection. Hypertension, edema, and impairment of renal 
function may develop.
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• IgA nephropathy, the most common variety of primary glomerulonephritis, is characterized by recurrent 
episodes of gross hematuria, usually 1 to 2 days after a viral respiratory or GI infection. Mesangial IgA 
deposition is the most prominent fi nding on renal biopsy specimens.

• Alport syndrome is a form of familial nephritis with neurosensory hearing loss and slow progression to 
renal insuffi  ciency.

• Familial benign hematuria is defi ned by familial occurrence of persistent hematuria without proteinuria, 
progression to renal failure, or hearing defect. Th in glomerular basement membrane is commonly found 
on these patients.

Management
From the practical point of view, children with confi rmed hematuria can be divided clinically into four groups: 
(1) gross hematuria, (2) microscopic hematuria with clinical symptoms, (3) asymptomatic microscopic hematu-
ria (isolated), and (4) asymptomatic microscopic hematuria with proteinuria. Th e evaluation and management 
of children with hematuria is complex (Figure 20-4).

Th e general management of glomerulonephritis involves salt and water restriction. Treatment depends on 
the severity of the disease, degree of renal involvement, and presence of renal failure, hypertension, or other com-
plications. A decrease in urine output, the presence of high blood pressure, or any sign of fl uid overload may be 
an indication for hospitalization. Fluid restriction and close monitoring of electrolytes may be indicated in pa-
tients with ARF. Dialysis may be necessary in patients with fl uid overload or hyperkalemia that is unresponsive 
to conservative therapy. When hypertension is present, it is generally related to fl uid overload. Loop diuretics 
such as furosemide may be useful in the management of both fl uid overload and hypertension.

Specifi c treatment of glomerulonephritis depends on the etiology or severity of the disorder. Steroids and 
cyclophosphamide are indicated for severe lupus nephritis in an attempt to decrease the immunologic process. 
Th e use of plasma exchange may be indicated in severe cases to decrease the amount of circulating factors
(e.g., immunoglobulins) involved in kidney damage (e.g., in Goodpasture syndrome).

HENOCH-SCHÖNLEIN PURPURA
Henoch-Schönlein purpura (HSP) is the most common form of vasculitis in children. Vasculitis is a clinico-
pathologic process characterized by infl ammation and damage to blood vessels, resulting in compromise of the 
vessel lumen and ischemic changes in the tissues supplied by the involved vessels.

 TABLE 20-7

Causes of Hematuria in Children
Anatomical abnormalities (hydronephrosis; cystic disease)

Bladder and kidney infection (UTI)

Coagulation/hematology (sickle cell trait or disease; leukemia)

Drugs

Exercise

Familial hematuria (Alport syndrome; thin basement membrane disease)

Glomerulonephritis

Hypercalciuria–hyperuricosuria–urolithiasis

Interstitial nephritis

Trauma and tumors (Wilms tumor)

UTI, urinary tract infection. 
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Th e incidence of HSP is approximately 10 cases per 100,000 children per year. Seventy-fi ve percent of all 
cases occur in children between 2 and 11 years of age; the disease is rare in adults and younger children. Males 
are aff ected twice as frequently as females.

Pathophysiology
HSP is an IgA-mediated vasculitis in the small vessels of involved organs. Th e etiology is unknown. Both 
bacterial (Streptococcus, Yersinia, Mycoplasma) and viral infections (Epstein-Barr virus, varicella, parvovirus, and 
 adenovirus) have been reported to precede HSP. Other reported preceding stimuli include immunizations, 
drugs, foods, and insect bites.

Clinical and Laboratory Evaluation
A preceding event (e.g., infection, medication, immunization) may be discovered in many children. Th e onset of 
HSP may be acute with the appearance of characteristic symptoms in any order or simultaneously.

History

Purpuric rash, arthritis, abdominal pain, and nephritis are the most typical fi ndings. Purpura is the most  common 
fi nding, but it may not be the presenting feature. It appears typically in the lower extremities and buttocks, but 
may also be present in the upper extremities, trunk, and face. Th e rash may persist for weeks, be transient, or may 
recur. Arthritis or arthralgias may also be manifest in the ankles, knees, or hands. In some cases, joint involve-
ment may be the presenting feature. Although the arthritis may be incapacitating, it is self-limited and nonde-
forming. GI symptoms result from edema of the bowel wall and hemorrhage owing to vasculitis, and generally 
appear after the purpura, but rarely may precede it. Abdominal pain is the most common complaint. Vomiting, 
hematemesis, bloody diarrhea, or melena are common and may be severe. Intussusception is the most common 
surgical complication.

Renal manifestations generally appear within 3 months of the onset of the rash. In a few cases, gross 
 hematuria is the presenting fi nding. Th e frequency of renal involvement (gross or microscopic hematuria) varies 
between 20% and 90%. Hematuria is the clinical hallmark of HSP nephritis. Approximately 80% of patients 
manifest nephritis within 4 weeks and 95% within 3 months of onset of other symptoms. Th ere is no  relationship 
between the severity of extrarenal organ involvement and the severity of nephritis.

Other complications include central nervous system (CNS) involvement (seizures, paresis, or coma), eye 
and cardiac involvement, and pulmonary or intramuscular hemorrhage. Pancreatitis and orchitis have also been 
described.

Physical Examination

Inspection of the skin may show the typical distribution and appearance of the rash. Th e classic lesions consist 
of urticarial, maculopapular, or palpable purpuric lesions. In some cases, diff erent appearances or localizations 
may complicate the diagnosis. Vesicular eruptions and erythema multiforme have been described. Vital signs, 
blood pressure, and urine output should be monitored in patients who present with GI bleeding. Edema may be 
present in the scalp, extremities, back, and eyelids. Joint involvement tends to be periarticular, and joints may be 
swollen, tender, and painful on motion. A complete physical examination is important to rule out involvement 
of the pancreas, lungs, heart, testes, and CNS.

Laboratory Evaluation

An initial urinalysis is necessary to diagnose any renal involvement. Th e long-term prognosis is determined by 
the extent of renal involvement, which varies from mild to severe rapid progressive glomerulonephritis. Th e most 
common fi nding is hematuria with or without proteinuria. If the urine is abnormal, a SCr level and BUN need 
to be performed to assess kidney function. A kidney biopsy should be considered in patients with severe clinical 
manifestations of renal disease, nephrotic syndrome, or rapid progressive glomerulonephritis.  Histologically the 
typical fi nding in HSP is the presence of mesangial deposits of IgA by immunofl uorescence.

Laboratory studies are indicated depending on the clinical presentation. A CBC may show anemia in 
patients with GI bleeding. ANA, antineutrophilic cytoplasmic antibody (ANCA), and rheumatoid factor are 
usually negative. Stool guaiac examinations should be done to screen for occult GI bleeding. Serum IgA levels 
may be elevated or normal. Radiologic studies are indicated in patients with acute abdominal pain. A head CT 
scan may be useful in children with neurologic involvement to rule out other causes.
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Differential Diagnosis
In the presence of an atypical rash, other vasculitides should be considered. Patients with microscopic 
 polyarteritis, Wegener granulomatosis, and SLE may all present with nephritis. Th e associated clinical features 
with the  presence of ANCA or ANA can help diff erentiate these conditions. Cytoplasmic ANCA (c-ANCA) 
is more commonly associated with Wegener granulomatosis, whereas perinuclear ANCA (p-ANCA) is more 
often associated with microscopic polyarteritis. A purpuric rash can be caused by sepsis or thrombocytopenia. 
Th e clinical picture, distribution of the rash, and hematologic studies should identify these patients.

Management
No specifi c treatment is available for HSP, and the management is supportive. Most patients with renal 
 involvement show mild urine abnormalities, but should be followed up for a prolonged period of time until the 
urinalysis becomes normal. Children with more severe presentations such as ARF, hypertension, or nephrotic 
syndrome should be  hospitalized and followed very carefully because of possible rapid progression to end-stage 
renal disease (ESRD).

Many drugs, including oral corticosteroids, intravenous pulses of methylprednisolone, cytotoxic agents, 
anticoagulants, and plasmapheresis, have been used to treat severe renal involvement. Th e available data  suggest 
that patients with severe nephritis (decreased renal function and 50% or more crescents on renal biopsy) should 
 receive a combination of high-dose intravenous methylprednisolone plus an immunosuppressive agent, either 
 azathioprine or cyclophosphamide. Plasmapheresis may be of benefi t in a few patients with rapidly progressive 
HSP nephritis. Some studies have shown that oral prednisone may be eff ective in preventing the development 
of nephropathy, whereas others have shown no eff ect. However, prednisone is eff ective in alleviating the GI 
manifestations.

In the absence of nephropathy, recurrence of clinical manifestations may occur, but the prognosis of  patients 
with HSP is excellent. Long-term follow-up is necessary in children with renal involvement for evidence of 
progression of disease. Th e presence of renal insuffi  ciency or nephrotic syndrome at onset and the fi nding of 
crescentic glomerulonephritis on biopsy appear to increase the risk of progressive renal disease.

URINARY TRACT INFECTION
UTIs are common in children. UTIs are important because they cause acute morbidity and may result in 
 long-term medical problems, including hypertension and reduced renal function.

Pathophysiology
UTIs usually occur as a consequence of colonization of the periurethral area by a virulent organism that  subsequently 
gains access to the bladder. Only in the fi rst 8 to 12 weeks of life, UTIs may be secondary to a  hematogenous 
source. During the fi rst 6 months of life, male infants are at increased risk for UTIs, but  thereafter UTIs predomi-
nate in females. An important risk factor in girls is previous antibiotic therapy, which disrupts the normal periure-
thral fl ora and fosters the growth of uropathogenic bacteria. Several factors  predispose one to UTIs (Table 20-8).

Th e most common organisms isolated from the periurethral area are members of the Enterobacteriaceae. 
Escherichia coli is the most common cause of infection. Enterococcus species, Staphylococcus aureus, and group B 
streptococcus are the most frequent isolated gram-positive bacteria. In adolescence, Staphylococcus saprophyticus 
becomes a frequent pathogen. Neisseria gonorrhoeae and Chlamydia trachomatis should be considered for UTIs 
in sexually active  adolescents. Adenovirus has been associated with acute hemorrhagic cystitis in school-age 
children. Additional organisms causing UTIs in patients with instrumented urinary tracts or urinary tract ab-
normalities include Pseudomonas species, Candida species, Corynebacterium species, coagulase-negative staphy-
lococci, and Candida.

VUR, which may lead to UTIs, is considered a congenital anomaly of the ureterovesical junction in which 
there is a shortened submucosal tunnel with lateral placement of the ureteral orifi ce in the bladder. Th e longitu-
dinal muscle is not able to adequately constrict the submucosal ureter, so the valve mechanism is defective and 
urine backfl ows into the ureter. VUR is graded according to degree of refl ux from mild (limited to the ureter) 
to severe (associated with massive dilatation of calyces, pelvis, and ureter). VUR is identifi ed in 30% to 50% of 
children who are evaluated after their fi rst UTI. As they grow, the submucosal tunnel elongates and the valve 
mechanism becomes more eff ective. Th erefore, the natural course of mild refl ux is to resolve or improve with 
time. Patients with more severe refl ux are less likely to have spontaneous resolution.
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 TABLE 20-9

Signs and Symptoms of Urinary Tract Infection

Young Children Older Children

Fever Fever, chills, malaise

Crying on urination Dysuria, urgency, pain on urination

Frequency Frequency

Hematuria Hematuria

Gastrointestinal symptoms Flank pain

Poor growth New-onset enuresis

Renal scarring, a potential consequence of UTIs, may be congenital or acquired. It has been recently shown that 
infants may have renal scarring at birth even without infection. In older children with UTIs, the infection itself, and 
not VUR, is the prerequisite for acquired renal scarring. However, there is a correlation between the degree of refl ux 
and the severity of renal scarring. Furthermore, the risk of renal damage increases with the number of recurrences.

Clinical and Laboratory Evaluation
History

Th e spectrum of clinical manifestations of UTIs in children is broad. Th e clinical signs and symptoms specifi c 
for UTIs commonly seen in adults such as dysuria, urgency, and fl ank pain are not generally identifi ed in infants, 
although they may occur in older children (Table 20-9). Young infants with UTIs generally present with fever.

Pediatric Pearl: The possibility of a UTI should be considered in any child younger than 2 
years of age with unexplained fever.
Pe
ye

 TABLE 20-8

Factors Predisposing to Urinary Tract Infection (UTI)
Urinary tract obstruction

Vesicoureteral refl ux

Neurogenic bladder

Urolithiasis

Presence of foreskin

Voiding dysfunction

Constipation

Sexual abuse

Sexual intercourse

Uroepithelial defi ciency with increased bacterialadherence

Antibiotic therapy

Poor perineal hygiene
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A history of crying on urination or of foul-smelling urine increases the likelihood that a UTI is the cause of 
fever. An altered voiding pattern may be recognized as a symptom of UTI as early as the second year after birth in 
some children. Nonspecifi c signs and symptoms, such as irritability, vomiting, diarrhea, and failure to thrive, may 
refl ect the presence of UTI. Hematuria when associated with dysuria or pain with urination is most likely due to 
lower UTI. A detailed voiding and defecation history should be obtained in any child with recurrent UTIs.

Physical Examination

A complete physical examination is essential to assess the degree of illness or toxicity and to rule out other severe 
infections such as sepsis or meningitis. Th e presence of fever is important in young children with UTIs because it 
has been accepted as a clinical marker of renal parenchymal involvement (pyelonephritis). It is important to record 
vital signs, including blood pressure. Examination of the abdomen and back for costovertebral tenderness, fl ank 
or abdominal mass or tenderness, or a palpable bladder is appropriate, and inspection of the genitalia for signs of 
trauma or infection is warranted. It is also important to note whether the child has been circumcised because uncir-
cumcised boys have a higher chance of developing UTIs in the fi rst year of life than do circumcised boys. Physical 
examination should also include careful inspection of the lumbosacral area for signs of underlying dysraphism.

Laboratory Evaluation

In infants or children who are unable to void on request, catheterization or suprapubic aspiration should be used 
to obtain a specimen for urinalysis and culture. A midstream clean-catch specimen may be obtained from  children 
with urinary control. A bagged urine specimen that shows no growth or fewer than 10,000  colony-forming units 
(CFU)/mL is evidence of the absence of a UTI. If children who have not yet achieved urinary control have 
 symptoms that require immediate treatment, and a urinalysis obtained by urine bag shows pyuria, positive nitrites, 
or bacteriuria, a urine culture should be  obtained by either suprapubic aspiration or bladder catheterization  before 
the initiation of antibiotics because of the high incidence of false-positive urine cultures obtained by urine bag.

Th e three most useful components of the urinalysis in the evaluation of a UTI are the leukocyte esterase 
test, the nitrite test, and urine microscopy. A positive result on a leukocyte esterase test appears to be as sensitive 
as microscopy, with the identifi cation of WBCs. Th e nitrite test has a very high specifi city and positive predictive 
value. Urinalysis cannot substitute for a urine culture to document the presence of a UTI, but it can be valu-
able in selecting patients for prompt initiation of therapy while waiting for the results of the urine culture. UTI 
is confi rmed or excluded based on the number of CFUs that grow on the culture media. What constitutes a 
 signifi cant colony depends on the collection method and the clinical status of the patient; defi nitions of positive 
and negative cultures are operational and not absolute (Table 20-10).

Th e goals of performing imaging studies in children with UTIs are to detect urologic abnormalities 
(e.g., VUR, bladder dysfunction, obstructive uropathy) and to discover renal parenchymal damage. Th e  current 
 imaging workup consists of renal ultrasound and VCUG or RVC (Table 20-11). VCUG is recommended 
as baseline study in all fi rst time UTIs, and isotope voiding cystography for follow-up studies. If signifi cant 
 hydronephrosis is discovered on renal ultrasound, a nuclear renal scan (with 99mTc-MAG-3 or DTPA) is used for 

 TABLE 20-10

Interpretation of Urine Culture for Diagnosis of Urinary Tract Infection
Method of Collection Quantitative Culture: Urinary Tract Infection Present

Suprapubic aspiration Growth of urinary pathogens in any number (exception is up to 2–3 � 103 
CFU/mL of coagulase-negative staphylococci)

Catheterization Febrile infants or children usually have 
50 � 103 CFU/mL of single urinary 
pathogen, but infection may be present with counts from 10 � 103–50 � 103 
CFU/mL

Midstream clean-void Symptomatic patients usually have 
105 CFU/mL of single urinary tract pathogen

Asymptomatic patients need to have at least two specimens on diff erent days 
with 
105 CFU/mL of same organism

CFU/mL, colony-forming units per milliliter. 

From Hellerstein S: Urinary tract infections. Old and new concepts. Pediatr Clin North Am 42(6):1433–1457, 1995.
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evaluation of urinary tract obstruction. Renal cortical scintigraphy with 99mTc-labeled DMSA is sensitive and 
specifi c for the diagnosis of pyelonephritis in children. Th is renal test shows decreased uptake of radiotracer in 
areas of infl ammation, which is secondary to decreased delivery of agent to the infected tissue (cortical ischemia) 
and decreased tubular function in areas of infection. CT imaging and MRIs have also been utilized for diagnosis 
of pyelonephritis. CT may be useful in patients with a presentation that could be caused by some other illness 
(e.g., intra-abdominal abscess, appendicitis). Cost and the need of sedation are the major disadvantages of 
an MRI.

Differential Diagnosis
Th e presentation of febrile infants who have positive results on urine cultures frequently poses a  diagnostic 
 question: Do the infants have true UTIs or asymptomatic bacteriuria with fever from another source? 
 Asymptomatic bacteriuria does not appear to present a danger to the host. It is considered to be a phenom-
enon whereby mucosal receptors permit attachment by E. coli, creating a carrier-state (colonization) rather 
than  infection. Pyuria may be a possible marker to diff erentiate between a UTI and asymptomatic bacteriu-
ria.  However, although the presence of pyuria increases the likelihood of a true UTI, the absence of pyuria 
does not preclude the possibility of a true UTI. Pyuria is particularly insensitive in neonates and very young 
infants.  Th erefore, it is prudent to consider that all young infants with signifi cant bacteriuria and fever have 
a true UTI.

Management
Th e goals of treatment of an acute UTI are to eliminate the acute infection, prevent urosepsis, and reduce the 
likelihood of renal damage. Patients who are toxic-appearing, dehydrated, or unable to retain oral intake (including 
medications) should receive an antimicrobial parenterally. Th e clinical condition of most patients improves within 24 
to 48 hours. Treatment can then be completed orally. For patients who do not appear toxic, options include adminis-
tration of an antimicrobial parenterally on an outpatient basis, or receiving the antibiotic orally for 7 to 14 days.

Treatment of acute pyelonephritis or cystitis may be initiated based on clinical fi ndings and urinalysis 
( Figure 20-5). However, the diagnosis of a UTI is not documented by urinalysis, and imaging studies of the uri-
nary tract should not be obtained until the diagnosis of a UTI is confi rmed by a positive urine culture. Th e usual 
choices for oral treatment of a UTI include cephalosporin, trimethoprim–sulfamethoxazole, or  amoxicillin. 
However, amoxicillin appears less eff ective due to emerging bacterial resistance. Cephalosporins are very eff ec-
tive antibiotics parenterally. Other antibiotics are useful in the treatment of UTIs (Table 20-12). Agents that 
are excreted in the urine but do not achieve therapeutic concentrations in the bloodstream (e.g., nitrofurantoin) 
should not be used to treat a UTI in patients in whom renal involvement is likely.

 TABLE 20-11

Indications of Imaging Studies in Children With Urinary Tract Infections (UTIs)
• RUS and VCUG or RVC in a child of any age with a febrile UTI

• RUS and VCUG or RVC in a young child with a well-documented UTI

• RUS only in an older child with symptoms of lower UTI

 -VCUG or RVC if abnormal RUS or if recurrent UTI

 -VCUG with history of dysfunctional voiding

•  DMSA scan if RUS or voiding study are markedly abnormal, to detect renal scars, if this changes 
 clinical management

• Radionuclide renal scan if urinary tract obstruction is considered

DMSA, dimercaptosuccinic acid; RUS, renal ultrasound; RVC, radionuclide voiding cystography; VCUG, voiding 

 cystourethrogram.
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Routine reculturing of the urine after 2 days of antimicrobial therapy is generally not necessary if the 
patient has had the expected clinical response and the bacteria isolated is determined to be sensitive to the 
 antimicrobial being administered. If a patient does not improve, or the bacteria is resistant to the antimicrobial, 
a repeat urine culture is warranted after 48 hours of treatment. Approximately 30% of children under 12 months 
of age have recurrent UTIs. A majority of the recurrences occur within 6 months of the primary episode.

Antibiotic prophylaxis is indicated in children with VUR. Th e antibiotics of choice are cephalexin or 
 amoxicillin in children younger than 2 months of age and trimethoprim–sulfamethoxazole or nitrofurantoin in 
children older than 2 months of age. All agents should be given as a single daily dose (Table 20-13). Defl ux 

Negative
urine culture

Negative
urine culture

Initiation of antibiotic therapy
prior to the culture report is
based on clinical judgment
and urinalysis; symptomatic
treatment may be indicated

Parental therapy unit
clinical improvement and
afebrile state for 24–36 

hours, then oral antibiotic,
urinary tract ultrasound

Contact physician after 
48 hours regarding clinical
course and susceptibility
of bacteria to treatment

Complicated: inpatient
treatment (parenteral

antibiotic and IV fluids)

Uncomplicated: outpatient 
treatment (initially parenteral
antibiotic, then oral therapy)

Presumptive diagnosis of UTI based
on clinical findings and urinalysis

Urine culture

Positive
urine culture

Positive
urine culture

Positive
urine culture

Cystitis

Urine culture

Cystography

Acute pyelonephritis

Re-evalutate 
diagnosis

and therapy

Re-evalutate 
diagnosis

and therapy

Urinary tract
ultrasound

cystography

Age 1–5 years
with one or two

episodes of cystitis

Age  5 years 
with one or several
episodes of cystitis

Discharge on oral therapy
when improved and

febrile for 24–36 hours

Oral therapy to complete 
10-day course at

therapeutic levels, then
suppressive therapy for 

at least 6 months

Age  5 years
with one or several
episodes of cystitis

Oral antibiotic therapy
at therapeutic levels
usually for 3–7 days

Oral antibiotic to complete
a 10-day course, then

suppressive therapy for
at least 6 months

Urinary tract ultrasound
cystography, suppressive

antibiotic therapy, at
least until cystography

FIGURE 20-5. Algorithm for the evaluation and management of urinary tract infection in children. IV, intravenous. 
From  Hellerstein S: Urinary tract infections in children. Am Fam Phys 57:2445, 1998.
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therapy, involving transurethral endoscopic submucosal injection of a biodegradable gel to decrease VUR, has 
shown some success. Surgical reimplantation may be needed in children with severe VUR and breakthrough 
 infections.

HYPERTENSION
Normal blood pressure in children and adolescents is defi ned as systolic and diastolic blood pressure read-
ings that are less than the 90th percentile for age, sex, and height. Prehypertensive blood pressure is defi ned 
as  average systolic or diastolic pressure readings between the 90th and the 95th percentile for age, sex, and 
height. Hypertension is defi ned as average systolic or diastolic blood pressure readings, taken on at least three 

 TABLE 20-12

Antimicrobials for Treatment of Urinary Tract Infection

Parenteral

 Cephalosporins
  Ceftriaxone
  Cefotaxime
  Ceftazidime
  Cefuroxime
  Cefazolin
 Aminoglycosides
  Gentamicin
  Tobramycin
 Penicillins
  Ampicillin

Oral

 Cephalosporins
  Cefi xime
  Cephalexin
  Cefuroxime
  Cefadroxil
 Penicillins
  Amoxicillin
  Trimethoprim–sulfamethoxazole

 TABLE 20-13

Antimicrobials for Prophylaxis of Urinary Tract Infection

Children �2 months

• Cephalexin
  10 mg/kg/day (single dose)
• Amoxicillin
  15–20 mg/kg/day (single dose)

Children �2 months

• Trimethoprim—sulfamethoxazole
  2–4 mg/kg/day of trimethoprim, 10–20 mg/kg/day of sulfamethoxazole (single dose)
• Nitrofurantoin
  1–2 mg/kg/day (single dose)
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 separate occasions, greater than or equal to the 95th percentile for age, sex, and height (Tables 20-14 and 20-15). 
 Hypertensive emergency can be defi ned as an acute and severely elevated blood pressure that determines the 
occurrence of symptoms and signs directly attributable to high blood pressure (Table 20-16).

It is important to remember that normal blood pressure in children increases with age. For example, 
a blood pressure of 120/80 mm Hg is normal for an 18-year-old adolescent, but is defi nitely above the 
95th  percentile for a 5-year-old child.

Pathophysiology
Hypertension may be either primary, or essential, or secondary to another disease process. Primary hypertension 
is not a single disease entity, but is probably secondary to several mechanisms. A genetic component is likely; 
normotensive children of hypertensive parents have greater increases in blood pressure in response to stress or 
sodium loading than children of normotensive parents. Racial diff erences in these blood pressure responses are 
present, with exaggerated hypertensive responses more likely in black than in white children.

As children grow older, their blood pressures tends to track along a given percentile. Th us, children and 
adolescents with blood pressures above the 90th percentile for age are more likely to become adults with 
 hypertension. Th ere are other maturational diff erences in the pathophysiology of hypertension. For example, 
adolescents with primary hypertension are more likely to have elevated cardiac output and normal systemic 
vascular resistance, whereas adults with primary hypertension are more likely to have normal cardiac output and 
elevated systemic vascular resistance.

Clinical and Laboratory Evaluation
History

Most children with hypertension are asymptomatic; their condition is detected as the result of a routine 
 examination (e.g., a preschool or precamp “physical”). Many children and adolescents with blood pressure levels 
at or just greater than the 95th percentile are overweight and have family histories of hypertension.

It is important to enquire about inherited renal diseases (e.g., polycystic kidney disease), early  cardiovascular 
disease, stroke, or hypercholesterolemia in other family members. A history of hematuria, proteinuria, polyuria, 
or frequent UTIs may suggest underlying parenchymal renal disease. Th e presence of weight loss, sweating, 
fl ushing, fevers, palpitation, or weakness may suggest an underlying endocrine problem. A thorough history 
should include the neonatal period, with emphasis on the use of umbilical catheters, present and past history of 
renal or urologic disorders, and use of medications.

Initially, symptoms may include headache and blurry vision. With more severe and chronic hypertension, 
these may progress to seizures, stroke, coma, congestive heart failure, and renal failure. Hypertensive neonates 
often have feeding diffi  culties, respiratory distress, irritability, lethargy, or congestive heart failure.

Physical Examination

Accurate measurement of blood pressure is critical. It is important to reduce the level of patient anxiety and 
select a cuff  of the proper size. Th e length of the cuff  should cover at least two-thirds of the length of the upper 
arm, and the bladder of the pressure cuff  should nearly encircle the upper arm with no overlapping of the ends.

A cuff  that is too small yields an artifi cially elevated blood pressure. If the child’s arm size seems to be 
 between sizes of available blood pressure cuff s, the error in blood pressure measured with too large a cuff  is 
smaller than the error in blood pressure measured with too small a cuff . Doppler and oscillometric techniques 
may be useful in infants and young children.

Blood pressure increases gradually with age, and reference standards must be used (see Tables 20-14 and 
20-15). Blood pressure that is consistently above the 95th percentile for age on several repeated measurements 
over several weeks warrants further evaluation.

Th e physical examination should explore for evidence of secondary hypertension and end-organ damage 
(e.g., eyes, heart, vessels, kidneys, brain). Always measure blood pressure in all four extremities at least once to 
evaluate for the presence of coarctation of the aorta. Always palpate the femoral and radial pulses simultaneously 
when evaluating a patient with hypertension. A weak femoral pulse or a radial–femoral delay is an indication of 
coarctation of the aorta as the cause of the hypertension.

Other physical fi ndings that may provide clues about secondary illnesses include abdominal bruits (renal 
artery stenosis); café au lait spots (neurofi bromatosis); abdominal or fl ank masses (renal conditions, tumors); 
and striae and cushingoid features (Cushing syndrome).
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It must be emphasized that blood pressure is not static but varies, and a more accurate representation of 
blood pressure may be determined by an average of multiple blood pressure measurements. To document blood 
pressure changes at home and at school, 24-hour ambulatory blood pressure monitoring is used. Th is helps 
determine nocturnal and diurnal variations, including preservation of nocturnal dipping, and evaluate response 
to antihypertensive therapy.

Laboratory Evaluation

Severe blood pressure elevation warrants aggressive evaluation, regardless of age. In contrast, asymptomatic 
adolescents with mild blood pressure elevation may require only minimal studies.

Initial laboratory evaluation, including CBC, serum chemistries, BUN, SCr, and urinalysis, may suggest 
the presence of an identifi able cause. Children with renal parenchymal disease may have abnormal urinalysis or 
elevated BUN and SCr. Children with renovascular disease often have elevated plasma renin activity. If plasma 
renin activity is below normal, it may indicate the presence of mineralocorticoid excess. A lipid profi le should be 
obtained, especially in overweight children and adolescents.

Imaging studies include chest radiography and renal ultrasound. Echocardiography is more sensitive than 
electrocardiography (ECG) for detecting left ventricular hypertrophy.

More sophisticated laboratory and imaging studies are necessary in selected patients. Captopril renal scan, 
magnetic resonance arteriography, or renal vein renin sampling may be useful for the evaluation of renovascular 
hypertension. Measurement of catecholamines in urine or plasma is indicated when pheochromocytoma is a 
strong clinical possibility.

Differential Diagnosis
Hypertension may be either primary (essential) or secondary to another disease process. Th e younger the 
patient, the greater the likelihood that the hypertension is secondary. Potential causes of secondary hyperten-
sion include abnormalities of renal, endocrine, cardiovascular, and neurologic systems as well as reactions to 
drugs or toxins (Table 20-17). Renal parenchymal disease accounts for 60% to 80% of secondary hypertension 
in children.

Management
For patients with primary (essential) hypertension, initial treatment is usually nonpharmacologic unless blood 
pressure is dangerously high or symptoms are present. Th erapeutic measures include weight reduction, a  decrease 
in dietary sodium intake, and initiation of a regular exercise program.

For patients with secondary hypertension, management is directed both at control of blood pressure and 
correction of the primary pathologic process, if possible. Treatment of renal artery stenosis may involve catheter 
angioplasty; surgical resection (e.g., for coarctation of the aorta); and appropriate pharmacologic therapy (e.g., 
for other primary diseases).

For those children with more severe or persistent hypertension and those with end-organ involvement 
(e.g., left ventricular hypertrophy, hypertensive retinopathy), the use of antihypertensive pharmacotherapy is 
warranted. Many diff erent medications are now available (Table 20-18). In general, hypertension related to renal 
parenchymal disorders with elevated plasma renin levels respond well to angiotensin-converting enzyme (ACE) 
inhibitors, which decrease the formation of angiotensin II and aldosterone. Calcium channel antagonists are ef-
fective antihypertensive agents. Other useful agents include diuretics, β-adrenergic antagonists, and vasodilators. 
Angiotensin receptor antagonists are a new group of antihypertensive drugs that may be more commonly used 
in children in the near future. Th e fourth report on the Diagnosis, Evaluation, and Treatment of High Blood 
Pressure in Children and Adolescents gives recommendations for management based on the classifi cation of 
hypertension (see Table 20-16).

In hypertensive emergencies, the goal of therapy is to prevent hypertension-related adverse eff ects by a 
 controlled reduction of blood pressure, allowing for the preservation of target organ function and minimizing 
the  complications of therapy. Placement on a cardiac monitor is essential, and establishment of intravenous 
access is appropriate. An arterial line to confi rm the blood pressure cuff  readings and to guide therapy may be 
necessary. Treatment should occur in an intensive care unit, where therapy should begin as soon as possible.

A reasonable objective in most hypertensive emergencies is to lower the blood pressure by approxi-
mately 25% to 30% over a period of several minutes to several hours, depending on the clinical situation. It 
is  important to avoid precipitous reduction in blood pressure, and reductions to normotensive or hypotensive 
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 TABLE 20-17

Differential Diagnosis of Secondary Hypertension

Peripheral Vascular Causes

Coarctation of the aorta

Renal artery or vein thrombosis (premature infants with umbilical catheters)

Renal artery stenosis

Fibromuscular dysplasia

Neurofi bromatosis

Arteritis

Sarcoidosis

Renal Causes

Congenital lesions

Obstructive uropathies

Dysplastic or polycystic kidneys

Acquired lesions

Glomerulonephritis

Henoch-Schönlein purpura

Hemolytic-uremic syndrome

Nephrotic syndrome

Collagen vascular disease (systemic lupus erythematosus)

Alport syndrome

Vesicoureteral refl ux

Drugs (cyclosporine, steroids)

Toxins (lead)

Endocrine Causes

Pheochromocytoma

Neuroblastoma

Adrenogenital syndrome

Cushing syndrome

Diabetic nephropathy

Hyperparathyroidism

Hyperaldosteronism

Hyperthyroidism
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levels should be avoided because they may provoke end-organ ischemia or infarction. Maintenance of an 
initial target blood pressure over several days and subsequent reduction to normotensive levels over several 
weeks is appropriate. Short-acting parenteral therapy is recommended for successful and safe management. 
Eff ective medications for the treatment of hypertensive emergencies in children include sodium nitroprus-
side, labetalol, and nicardipine. Once blood pressure is stabilized with intravenous drugs, oral antihyperten-
sive agents should gradually be introduced.

RENAL TUBULAR ACIDOSIS
Renal tubular acidosis (RTA) is a clinical–biochemical syndrome characterized by impaired renal acidi-
fi cation. It involves the reabsorption of HCO

3
�  or the excretion of H� and expression by hyperchloremic 

metabolic  acidosis and minimal or absent renal insuffi  ciency. Th ere are three diff erent types of RTA based 
on clinical and functional studies: (1) proximal RTA, or type 2; (2) distal RTA, or type 1; and (3) hyper-
kalemic RTA, or type 4.

Pathophysiology
Acidifi cation of the urine can be viewed as a coordinated two-step process. Th e fi rst step is the reabsorption of 
fi ltered HCO

3
�  in the proximal tubule. Th e second step is excretion of fi xed acids through the titration of urinary 

buff ers and the excretion of NH
4
� in the distal tubule.

In proximal HCO
3
�  reabsorption, 80% to 90% of the fi ltered load of HCO

3
�  is reabsorbed in the  proximal 

tubule. Th e primary processes that occur in this segment are H� secretion at the luminal membrane via a 
 specifi c Na�–H� exchanger and HCO

3
�  transport at the basolateral membrane via a Na–HCO

3
�  cotransporter 

(Figure 20-6).
In distal urinary acidifi cation, the primary processes are reclamation of the 10% to 20% of the  remaining 

HCO
3
�  that escaped proximal reabsorption, titration of divalent basic HCO

3
2�, which is converted to the 

 monovalent acid form or titratable acid, and accumulation of NH
3
 intraluminally, which buff ers H� to form 

nondiff usible ammonium (NH
44
�) (Figure 20-7).

Proximal RTA (type 2), which is caused by an impairment of HCO
3
�  reabsorption in the proximal tubule, 

is characterized by a decreased renal HCO
3
�  threshold. Distal acidifi cation remains intact, and when plasma 

HCO
3
�  concentration decreases to a level below the renal threshold, patients may lower urine pH below 5.5 and 

excrete adequate amounts of NH
44
� 

Distal RTA (type 1), which is caused by impaired distal acidifi cation, is characterized by the inability to 
maximally lower urine pH (less than 5.5) under the stimulus of systemic acidemia. Th e impaired excretion of 
NH

44
� is secondary to this defect.

Hyperkalemic RTA (type 4), which involves an acidification defect that is primarily caused by 
impaired renal genesis of ammonia, is characterized by a normal ability to acidify the urine after an 

Neurologic Causes

Neurofi bromatosis

Increased intracranial pressure

Intracranial hemorrhage

Encephalitis

Guillain-Barré syndrome

Riley-Day syndrome

Quadriplegia

 TABLE 20-17

Differential Diagnosis of Secondary Hypertension (Continued)
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 TABLE 20-18

Oral Antihypertensive Agents for Chronic Hypertension in Children

ACE Inhibitors

Captopril

Enalapril

Lisinopril

Calcium Channel Antagonists

Nifedipine

Isradipine

Amlodipine

Diuretics

Hydrochlorothiazide

Furosemide

Spironolactone

Triamterene

	-Adrenergic Antagonists

Propranolol

Atenolol

�
2
-Adrenergic Agonist (Central)

Clonidine

Vasodilators

Hydralazine

Minoxidil

Angiotensin Receptor Antagonist

Losartan

ACE, angiotensin-converting enzyme. 

acid load. However, net acid excretion remains subnormal due to a very low rate of NH
4
�  excretion. The 

decrease in NH
3
 production is largely caused by hyperkalemia. Aldosterone deficiency or resistance may 

also play a role.

Clinical and Laboratory Evaluation
History

A pediatrician may suspect RTA during the workup of children with failure to thrive. Children may have a 
history of repetitive episodes of dehydration, with vomiting, anorexia, or constipation. Others may present 
with clinical manifestations of electrolyte depletion such as periodic paralysis secondary to hypokalemia. 
In some cases, symptoms and signs of kidney stones may precede the diagnosis of RTA. Renal deposi-
tion of calcium salts (nephrocalcinosis), thought to be the result of hypercalciuria and  hypocitraturia, 
may  occur.
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Physical Examination

Physical examination may reveal only growth retardation. Other clinical fi ndings may include signs of 
 dehydration secondary to diarrhea or polyuria. In some cases, examination suggests a secondary cause of the 
RTA (e.g., cystine crystals in the cornea in patients with cystinosis, neurologic involvement in Lowe syndrome, 
jaundice in hepatic diseases).

Laboratory Evaluation

Th e fi rst step in the evaluation of children with metabolic acidosis is calculation of the plasma anion gap
(Figure 20-8). Th e plasma anion gap is calculated by the diff erence between the sum of the major plasma  cations 
(Na� � K�) and the major anions (Cl– �HCO

3
� ). However, because of the relatively low and stable serum 

 concentration of K�, it has only a minor infl uence on the plasma anion gap.

ATP

Proximal Tubule

Lumen Blood

HCO3
-

3 HCO3
-

H2O H2OCO2 CO2

H2CO3H2CO3

Na+ Na+

3 Na+

2 K+

K+

H+

CA IV CA II

NHE-3 NBC-1

FIGURE 20-6. Schematic model of HCO
3
� reabsorption in the proximal tubule. Th e processes shown are H� secretion at 

the luminal membrane via a specifi c Na�–H� exchanger (NHE-3) and HCO
3
� transport at the basolateral membrane via a 

Na�– HCO
3
� cotransporter (NBC-1). Cytoplasmic carbonic anhydrase II (CA II) and membrane-bound carbonic anhydrase 

IV (CA IV) are necessary for reabsorption of HCO
3
� 

HCO3
-

H2PO4
-

HPO4
-

H2OCO2

H2CO3

Cl-

Cl-

3 Na+

2 K+

K+K+

K+

H+

H+
NH3

NH4
+

CA II

H+- ATPase

H+ K+- ATPase

AEI

Cortical Collecting Tubule

Lumen

type intercalated cell

Blood

ATP

ATP

ATP

-

FIGURE 20-7. Schematic model of H� secretion in the cortical collecting tubule. Th e process shown is luminal H� secre-

tion in the α-type intercalated cell by a H�-ATPase (main pump) and by a H�,K�-ATPase. Intracellularly formed HCO
3
� 

leaves the cell via Cl–- HCO
3
� exchange, facilitated by an anion exchanger (AE1). Cytoplasmic carbonic  anhydrase II 

(CA II) is necessary for secretion of H�.
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Metabolic Acidosis

Plasma anion gap

Normal

Gastrointestinal 
bicarbonate

loss

Negative UAG
(Cl- > Na+ + K+)

Distal RTA
secretory defect

(type 1)

Positive UAG
(Cl- < Na+ + K+)

High anion gap
acidosis

Urine anion gap UAG)

Proximal RTA

Normal/Low

Distal renal defect

High

High

Urine pHUrine pH

Plasma K

RTA

> 5.5 < 5.5

Hyperkalemic
RTA

(type 1)

FIGURE 20-8. Algorithm representing the evaluation of children with renal tubular acidosis (RTA).

Plasma anion gap � Na� � (Cl– � HCO
3
� )

If the plasma anion gap is normal (12 � 4 mEq/L), the possibility of GI losses of HCO
3
�  or RTA should be 

considered.
urinary anion gap. Th is value is an indirect index of urinary NH

4
� excretion. It is estimated by using the 

measured concentration of electrolytes in the urine: Na�, K�, and Cl–; NH
4
� is not directly measured. A normal 

renal response to metabolic acidosis is an increase in the excretion of NH
44
� in the urine, and NH

4
� is usually 

excreted in the urine along with Cl–. Any increase in the excretion of NH
44
� during metabolic acidosis is ac-

companied by an increase in the excretion of Cl–. Th erefore, a negative urine anion gap ([Cl–] � [Na�] � [K�) 
refl ects an increased excretion of NH

4
�. If urine NH

4
� does not increase, the urine anion gap becomes positive 

([Cl–] � [Na�] � [K�]), which suggests a distal acidifi cation defect.

Urine ph

Th is measurement has been used for diagnosis of distal RTA (type 1), the only type of RTA in which the urine 
pH cannot decrease below 5.5 to 6.0, regardless of the severity of the acidosis. A urine pH of more than 6.0 in 
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the setting of metabolic acidosis suggests a defect in distal acidifi cation. However, the urine pH may be mis-
leading. Although urine pH of less than 5.5 rules out distal RTA (type 1), it does not ensure a normal distal 
acidifi cation because it does not refl ect the rate of NH

4
� excretion.

It is important to assess the plasma potassium for characterization of RTA. Distal RTA is characterized by 
hypokalemia due to an increased excretion of potassium in the collecting duct. In hyperkalemic RTA (type 4), 
a low rate of NH

4
� excretion is associated with hyperkalemia.

Other Studies

In specifi c cases, other tests may be necessary. Examples include fractional excretion of HCO
3
� to confi rm the 

diagnosis of proximal RTA, urine PCO
2
 to confi rm distal RTA, and renin and aldosterone levels for hyper-

kalemic RTA. In addition, a kidney ultrasonogram aids in the diagnosis of nephrocalcinosis and urolithiasis, 
which may develop in children with RTA.

CASE 20-4
A 5-year-old girl presents with failure to thrive. She has no history of GI losses. Serum electrolyte values are 
Na�, 136 mEq/L; Cl–, 111 mEq/L; and HCO3

�, 13 mEq/L. Urine electrolyte values are Na�, 30 mEq/L; Cl–, 40 
mEq/L; and K�, 20 mEq/L. Urine pH is 6.5.

Step 1: Calculation of plasma anion gap
Plasma anion gap � Na� – (Cl– � HCO3

�) 136 – 124 � 12 mEq/L
This value is consistent with normal anion gap acidosis.

Step 2: Calculation of urine anion gap
The serum electrolyte value for Cl– (40 mEq/L) is less than the sum of the values for Na� � K� (50 mEq/L), 
which denotes a positive urinary anion gap. This is consistent with low NH4

� excretion and a defect in distal 
acidifi cation (type 1 versus type 4).

Step 3: Evaluation of plasma K
K� is normal. Therefore, this rules out hyperkalemic RTA (type 4).

Step 4: Evaluation of urine pH
The urine pH is 6.5, which confi rms the inability to acidify the urine during acidemia and distal RTA (type 1).

Differential Diagnosis
Proximal RTA (type 2) is most commonly observed in children with Fanconi syndrome, which is a con-
dition of global proximal tubule dysfunction, but it may also occur as a primary or inherited disease. In 
children, distal RTA (type 1) is almost always observed as a primary inherited entity. Hyperkalemic RTA 
(type 4) is associated with low aldosterone states such as congenital adrenal hyperplasia, with aldosterone-
resistant states such as pseudohypoaldosteronism, and with medications such as spironolactone and ACE 
inhibitors.

Management
Th e fi rst goal in the treatment of both proximal and distal RTA is the correction of the metabolic acidosis with 
the use of daily alkali supplementation. Generally, patients with proximal RTA need a larger dose of alkali than 
patients with distal RTA. Th e correction of the acidosis improves the growth rate signifi cantly and may reduce 
the risk of nephrocalcinosis. Potassium abnormalities should be corrected. Hypokalemia is treated with potas-
sium supplementation, whereas hyperkalemia may need a potassium-restricted diet, diuretics, or potassium-
binding exchange resins.

ACUTE AND CHRONIC RENAL FAILURE
ARF is defi ned as a rapid deterioration of renal function associated with the accumulation of nitrogenous waste 
products in the body and is associated with signifi cant morbidity and mortality. Th e terminology has been 
changed from ARF to acute kidney injury (AKI) to focus attention on early recognition and treatment of renal 
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insult. Graded AKI classifi cation systems like the RIFLE criteria (risk, injury, failure, loss, and ESRD) identify 
patients at risk for developing signifi cant kidney insult by changes in SCr and duration of decreased urine out-
put. However, the urine volume in AKI may vary over a wide range, from oliguric (less than 300 mL/m2/day) 
and oligoanuric to nonoliguric.

Chronic renal failure (CRF) is characterized by a slow and progressive decrease in kidney function over 
time. CRF includes a broad spectrum of functional impairment, from a GFR of 80 mL/min/1.73 m2 to as low 
as 10 mL/min/1.73 m2. ESRD is present when the GFR is 10 mL/min/1.73 m2 or below and renal replacement 
therapy is needed to maintain life.

Etiology
Th e causes of AKI in children have changed from primary kidney diseases to secondary eff ects of other systemic 
illnesses from their treatment. Th e most common causes are congenital heart disease, sepsis, and nephrotoxic 
medications.

Pathophysiology
Several hypotheses regarding the pathophysiology of AKI have been suggested. Th e vascular/hemodynamic 
theory states that hemodynamic events are important factors in the pathogenesis. Th ree events may account for 
the decrease in glomerular fi ltration: (1) a constriction of the aff erent arteriole; (2) a dilatation of the eff erent 
arteriole; and (3) a decrease in permeability of the glomerular capillaries. Diff erent hormones may be respon-
sible for these hemodynamic abnormalities (e.g., angiotensin II, thromboxane A

2
, endothelin). Th e tubular 

obstruction theory states that the glomerular fi ltration may be decreased secondary to a tubular obstruction by 
cellular debris, increasing the hydrostatic pressure within the Bowman capsule. Th e back leak theory states that 
the glomerular fi ltrate (including nonreabsorbable substances) may be reabsorbed because of disruption in the 
integrity of the tubular epithelium. In summary, the pathogenesis of AKI appears to be multifactorial and can-
not be explained completely by any one of these theories alone.

Th e initial damage in CRF may be due to a wide spectrum of diseases that may present abruptly (as AKI) 
or insidiously. Diff erent factors may be involved in the progressive deterioration of renal function. Th e hyper-
fi ltration theory states that the surviving glomeruli can be damaged as a result of the increased fi ltered load to 
which they are exposed.

Clinical and Laboratory Evaluation
History

Th e history should focus on determining the probable cause of AKI. Hospitalized patients may develop AKI 
after a surgical procedure, an especially complex cardiovascular surgery, or after administration of nephro-
toxic  medications such as aminoglycosides and radiocontrast material. Patients at risk for developing AKI in 
the  hospital are children with severe burns, trauma, sepsis, or tumors. A history of skin or throat infection, 
 hematuria, and edema is suggestive of a poststreptococcal glomerulonephritis. In neonates, the use of umbilical 
artery catheters may predispose the patient to renal artery thrombosis and AKI. Abnormal prenatal or postnatal 
 ultrasound may suggest a congenital urinary tract abnormality as a predisposing factor.

A family history of genitourinary diseases is an important consideration in any kidney disease. A history 
of poor growth and development, polyuria, polydipsia, enuresis, hematuria, edema, and hypertension suggests 
an underlying chronic abnormality. A history of recurrent UTIs or recurrent episodes of fever diagnosed as 
pharyngitis/otitis and treated with antibiotics could have been undiagnosed and undertreated UTIs. Anorexia, 
nausea, vomiting, headaches, and neurologic abnormalities may also be present, but are nonspecifi c. A family 
history of deafness, ocular abnormalities, hypertension, or cystic kidney disease may be indicative of an inherited 
renal disorder.

Hemolytic–uremic syndrome (HUS), is a common cause of AKI in infants and children. It is character-
ized by the triad of microangiopathic hemolytic anemia, thrombocytopenia, and AKI. Two predominant types 
of HUS are identifi ed. Th e classic form, D� HUS, preceded by a prodrome of bloody diarrhea, accounts for 
95% of cases, and is most commonly caused by an infection by shiga-toxin producing E. coli, especially serotype 
O157:H7. Atypical, or D-HUS, occurring without the diarrhea, may be familial, caused by mutations in the 
complement system activation, or sporadic, triggered by infection, cancer, drugs, or transplantation. Atypical 
HUS is associated with a poor prognosis and a high rate of progression to ESRD.
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Physical Examination

Assessment of the state of hydration and volume status helps distinguish AKI from prerenal azotemia and 
 establish the severity of the process. Many children with AKI will have diminished urine output, leading 
to fl uid retention and edema. Th is may be iatrogenic, from attempts to increase urine output by increasing 
fl uid intake. A height below the third percentile may be the fi rst indicator of a kidney problem and by itself 
suggests an underlying chronic disorder. Vital signs, including blood pressure and weight changes, should 
be  monitored closely. Th e blood pressure should be monitored periodically, and if elevated, funduscopic 
 examination and an  echocardiogram should be performed for evaluation of involvement of target organs. 
Th e presence of  edema,  purpura, or pallor should be assessed. Chest auscultation may be used to evaluate 
cardiac arrhythmias,  tachycardia, or congested lungs. Hepatomegaly, palpable renal masses, or an abdomi-
nal bruit may be discovered on  abdominal examination. It is important to rule out an enlarged bladder 
secondary to urinary retention. Signs of rickets and bone deformities may be present secondary to renal 
osteodystrophy.

Laboratory Evaluation

A urinalysis with renal tubular casts, tubular cells, and cellular debris suggests AKI. Th e absence of cellular 
elements and protein is most compatible with prerenal or postrenal azotemia. Prerenal azotemia is caused by 
diminished blood fl ow to a well-functioning kidney. Postrenal azotemia is a result of events occurring after 
urine formation, generally secondary to an obstruction to urine fl ow. In prerenal azotemia, as tubular function is 
preserved, urinary sodium concentration is low. As the concentration capacity remains intact, urinary osmolality 
is high. Normal tubular reabsorption results in the normal concentration of urinary nitrogenous waste products, 
increasing the urine plasma creatinine ratio. On the other hand, when the tubules are damaged, as in acute tu-
bular necrosis, the urinary sodium concentration is high and the urine:plasma creatinine ratio is low because of 
impaired concentration capacity.

Serum electrolytes should be monitored very closely, including calcium, phosphorus, and magnesium. 
 Hemoglobin, hematocrit, and platelet count may be decreased, and reticulocyte and WBC counts may be 
 increased in HUS. Uric acid may be increased as a result of tumor lysis, whereas lactic dehydrogenase and 
 creatine phosphokinase may be elevated in rhabdomyolysis (traumatic or nontraumatic muscle destruction 
 causing myoglobinuria and AKI). Serum complement levels may be decreased in both SLE and poststrepto-
coccal glomerulonephritis. Elevated antinuclear antibodies are suggestive of SLE. A throat culture and ASO or 
streptozyme are indicated if poststreptococcal glomerulonephritis is a consideration. Blood and urine cultures 
are indicated if an infection is suspected. A toxicologic screening of urine may be of help in the diagnosis of 
AKI secondary to nephrotoxins. Urinary biomarkers like n-GAL (neutrophil gelatinase associated lipocalin) 
are being developed for early diagnosis and risk stratifi cation of AKI.

A chest radiograph may reveal pulmonary congestion and increased heart size resulting from fl uid over-
load. An ECG may show alterations related to hyperkalemia or other electrolyte abnormalities. Radiologic 
evaluation may include a kidney ultrasound to assess kidney size, the presence of hydronephrosis, or cystic 
disease. A DMSA renal scan is of help in the diagnosis of renal scarring secondary to VUR or pyelonephritis. 
Bone radiographs may show signs of osteodystrophy such as subperiosteal decalcifi cation. A kidney biopsy may 
be necessary for the diagnosis of the primary disease in mild-to-moderate CRF, but it will show nonspecifi c 
chronic scarring, fi brosis, and atrophy in advanced disease, making it very diffi  cult to determine the precise 
underlying etiology of the CRF.

Periodic follow-up for evaluation of the degree of renal function is necessary in children with CRF. 
 Assessment of serum electrolytes and acid–base status is routine, followed by treatment for metabolic complica-
tions such as acidosis, hyperkalemia, hyperphosphatemia, hypocalcemia, and hyponatremia. It is important 
to monitor calcium, phosphorus, parathyroid hormone, and alkaline phosphatase to prevent or ameliorate the 
complications of osteodystrophy. Hematocrit, hemoglobin, reticulocyte count, serum iron, ferritin, and transfer-
rin are necessary for evaluation of anemia.

Differential Diagnosis
Th e processes contributing to AKI can frequently be identifi ed from the patient’s history. Both prerenal and 
postrenal factors may cause alterations in renal function with retention of nitrogenous waste products. It is 
important to distinguish these entities for appropriate therapeutic intervention. Several conditions may cause 
AKI (Table 20-19).
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It is important to make a specifi c diagnosis in children with CRF, even if the degree of renal failure is 
advanced and no specifi c therapy is available. Appropriate genetic counseling for families with hereditary or 
metabolic diseases and identifi cation of potential living related donors for renal transplantation are facilitated by 
identifying the cause of CRF. Several diseases may cause CRF (Table 20-20).

Management
Th e management of AKI consists of supportive care until the kidneys recover from the acute renal insult. Pa-
tients with AKI require hospitalization, often in an intensive care unit. A careful balance of intake and output 
of fl uids and electrolytes is extremely important. Th is approach may prevent or ameliorate the development of 
fl uid overload (in oliguric AKI), of fl uid depletion (in nonoliguric AKI), and of electrolyte abnormalities such 
as metabolic acidosis, hyponatremia, hyperkalemia, hypocalcemia, hyperphosphatemia, and hypermagnesemia. 
Worsening fl uid overload has been shown to be an independent risk factor for mortality. A reasonable approach 
to fl uid management is to restrict fl uids to insensible losses (35 to 45 mL/kg/day) plus replacement of any out-
put the patient might have (urine, vomiting, diarrhea, nasogastric tube drainage). Th e use of diuretics such as 
furosemide or renal-dose dopamine, have not been shown to be useful. Fenoldopam has been used to prevent 
AKI in some adult populations. Monitoring of serum electrolytes should occur at least daily. It is important to 
maintain an appropriate caloric and protein intake. Protein restriction (1 g/kg/day) may be indicated to slow the 
development of azotemia.

Early and aggressive initiation of renal replacement therapy is recommended in critically ill children with 
AKI (Table 20-21).

Children with CRF usually do not require hospitalization except for acute complications or for the  initiation 
of dialysis. Patients are followed periodically for the side eff ects of uremia. Th e diet should be  suffi  cient to provide 
the child’s nutritional needs, hence a protein-restricted diet is rarely indicated to decrease the rate of progression 
of CRF. Sodium restriction may be appropriate in patients with edema or hypertension, but  supplements are nec-
essary in individuals with salt-losing nephropathies. Potassium restriction should be the  primary approach to the 
prevention of hyperkalemia. Calcium gluconate, glucose and insulin, sodium bicarbonate, or potassium-binding 

 TABLE 20-19

Causes of Acute Kidney Injury in Children

Prerenal Azotemia

• Hypovolemia: dehydration, hemorrhage

• Hypotension: sepsis, heart failure

• Hypoxia: respiratory distress syndrome

• Renal vasoconstriction: drug eff ect

Intrinsic Renal Failure

• Ischemic disorders: hypovolemia, hypotension

• Nephrotoxins: aminoglycosides, radiocontrast agents, myoglobin, hemoglobin

• Diseases of glomeruli or small blood vessels: glomerulonephritis, hemolytic-uremic syndrome

• Major blood vessel disease: renal artery thrombosis or embolism, renal artery stenosis

• Interstitial nephritis: medications, infection, crystals

Obstructive Renal Failure (Postrenal)

• Congenital: ureteropelvic junction obstruction, posterior urethral valves

• Acquired: stones, abdominal/retroperitoneal tumors
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exchange resins (e.g., Kayexalate) may be needed to treat hyperkalemia. Initial  management of hypertension 
involves sodium restriction, weight loss, and exercise. Pharmacologic treatment of hypertension is indicated if 
patients are symptomatic or if end-organ damage is evident. Renal osteodystrophy can be prevented with the use 
of calcitriol and phosphate binders.

Use of recombinant human erythropoietin is used to treat anemia. Signifi cant improvement in growth 
 velocity in the growth-delayed child with CRF is possible with the use of recombinant human growth 
 hormone. Th e optimal treatment for the pediatric patient with ESRD is renal transplantation because it off ers 
the greatest potential for complete rehabilitation. Dialysis is an important tool to maintain life until a successful 
 transplantation can be accomplished (see Table 20-21).

 TABLE 20-20

Causes of Chronic Renal Failure in Children

Congenital

Renal dysplasia or hypoplasia, cystic disease, obstructive uropathy

Hereditary

Alport syndrome, juvenile nephronophthisis, congenital nephrotic syndrome

Acquired

Focal segmental glomerulosclerosis, hemolytic-uremic syndrome, pyelonephritis or interstitial nephritis, 
renal venous thrombosis, polyarteritis nodosa, hypertensive glomerulosclerosis

Renal tumor

Metabolic

Diabetes, cystinosis, oxalosis

 TABLE 20-21

Indications for Dialysis in Children

AKI

• Symptomatic fl uid overload unresponsive to conservative management

•  Serious, life-threatening, or medically uncontrollable metabolic disturbances (hyperkalemia,  
intractable acidosis)

• Acute tubular necrosis associated with poisoning due to dialyzable or hemofi lterable compound

CRF

• Early enough to prevent the development of severe malnutrition and uremic symptoms

• Decline in creatinine clearance to about 5–10 mL/min/1.73 m2

• Fluid overload resulting in systemic hypertension or cardiovascular instability

• Severe restriction in fl uid intake so that adequate nutrition cannot be provided

• Uncontrolled hyperkalemia, hyperphosphatemia, or acidosis

• Uremic signs or symptoms (e.g., changes in mental status, pericardial eff usion)

AKI, acute kidney injury; CRF, chronic renal failure. 
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Juvenile rheumatic diseases are a family of infl ammatory diseases that variably involve the musculoskeletal 
system, connective tissue, and vascular system. Juvenile idiopathic arthritis ( JIA) is the most common type of 
rheumatic disease that aff ects children, followed by systemic lupus erythematosus (SLE), juvenile dermato-
myositis, vasculitis, and scleroderma. Experts currently believe that autoimmunity is a key pathophysiologic 
feature. Although the precise precipitating events for these diseases are not known, many of them appear to be 
complex genetic traits with 12 to 20 genes contributing up to 30% to the risk of disease. Some of these genes are 
in the human leukocyte antigen (HLA) region of chromosome 6; however, many non-HLA genes also appear 
to be contributors, including genes that regulate the immune and infl ammatory responses such as cytokines, 
immune regulatory receptors, complement components, and immunoglobulin receptors, as well as genes that 
regulate cell biology, including apoptosis regulatory proteins and signaling pathways. Many of these genetic 
associations have led to focused therapeutic development, leading to some of the most eff ective treatments we 
have today for these diseases. Other contributing factors to disease expression play equally important roles as 
genetics, including age, pubertal stage, and environmental triggers (e.g., sun exposure, infectious agents). Inter-
estingly, some genes confer susceptibility to multiple autoimmune diseases, as indicated by families aff ected by 
multiple autoimmune diseases.

JUVENILE IDIOPATHIC ARTHRITIS
JIA is the most common rheumatic disease in children in the United States, aff ecting approximately 140/100,000 
to 180/100,000 children. Arthritis (swelling or eff usion, limitation of motion, tenderness or pain on motion, or 
increased heat) for longer than 6 weeks in one or more joints is a key feature. Th e onset of JIA may occur at any 
time before 16 years of age.

Pathophysiology
Th e currently accepted criteria for JIA recognizes fi ve main categories of JIA, based on clinical features during 
the fi rst 6 months of disease. Th ese are oligoarticular JIA, polyarticular JIA, systemic JIA, enthesopathy-related 
arthritis (juvenile spondyloarthropathy), and psoriatic arthritis (Table 21-1). It is important to classify patients 
into a type for prognostic reasons; some forms of disease may be relatively benign, whereas others may lead to 
signifi cant functional disability or even death (Table 21-2). In addition, some therapies are more eff ective in 
some categories than others.

Clinical and Laboratory Evaluation
History

Age and developmental level are important factors to consider in the history because arthritis in children can 
begin at any age from 8 months through adolescence. Young children with signifi cant joint swelling and infl am-
mation may not complain directly of pain, so careful questioning of parents regarding the presence of morning 
stiff ness, limp, or decreased use of an extremity may be helpful. As children grow older, their perception of pain 
or lack of function improves, but fear, anxiety, and denial continue to aff ect their expression of pain. Parental ob-
servation continues to be a key element in the history, in addition to the clinical features that are  characteristic of 
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 TABLE 21-1

Categories of Juvenile Idiopathic Arthritis

Characteristic Oligoar-

ticular

Polyarticular 

(RF� or 

RF�)

Systemic Spondyloar-

thropathy or 

 Enthesopathy-

Related Arthritis

Psoriatic 

Arthritis

Percent of 
patients (%)

30–45 30–35 10–15 10–20 5–10

Number of 
infl amed joints

�5 �5 Variable Variable Variable

Peak age of onset 
(years)

1–3 Variable Variable 7–16 Variable

Female–male ratio 4–5:1 3:1 1:1 1:3–4 3:1

RF, rheumatoid factor.

 TABLE 21-2

Prognosis in Juvenile Idiopathic Arthritis without Appropriate Treatment

Oligoarticular Onset

About 70% generally good, 30% have progressive disease with addition of more joints (oligoarticular, 
extended) progressing to destructive arthritis

30% of aff ected eyes can develop visual loss if the disease is unrecognized and untreated

Polyarticular Onset

40%–50% of patients progress to destructive arthritis; after 15 years, 50% are signifi cantly disabled

Systemic Onset

After 15 years, 50% of patients are signifi cantly disabled

Spondyloarthropathy or Enthesopathy-Related Arthritis

Variable; may develop into classical ankylosing spondylitis

Psoriatic Arthritis

40%–50% of patients progress to destructive arthritis; after 15 years, 50% are signifi cantly disabled

each type of JIA (Table 21-3). Th e recent identifi cation of anticyclic citrullinated peptide antibody as a risk factor 
for more severe disease in rheumatoid arthritis has been evaluated to some extent in JIA and may be important 
in JIA as well, especially in association with RF� (rheumatoid factor positive) polyarticular JIA.

Physical Examination

Careful examination of the musculoskeletal system is necessary to document the presence of true synovitis, 
which is defi ned as either joint swelling or joint pain or tenderness with limitation of motion. References that 
show the normal ranges of motion for all joints and the approach to the musculoskeletal examination in children 
are available. Th e number of joints involved and the severity of involvement are important to assess for both 
diagnostic and management purposes (see Table 21-3).
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CHAPTER 21 ■ RHEUMATOLOGY  581

Careful general examination is required to detect evidence of nonarticular pathology in JIA. Fever and rash 
are characteristic of the systemic form of JIA, and the presence of these fi ndings either by history or by physical 
examination should prompt careful evaluation for other associated fi ndings such as pneumonitis, pericarditis, 
hepatosplenomegaly, lymphadenopathy, and coagulopathies. Tachycardia, tachypnea, and irritability may be in-
dications of serious systemic disease.

A potentially fatal condition known as macrophage activation syndrome occurs in a minority of children 
with systemic JIA. Th is syndrome, also called acquired hemophagocytic lymphohistiocytosis, can be associated 
with severe systemic disease or triggered by drugs or intercurrent viral illnesses. It is manifested by disseminated 
intravascular coagulation, leukopenia, anemia, thrombocytopenia, and marked hyperferritinemia as well as he-
patic, pulmonary, and central nervous system involvement. Rapid recognition of this complication facilitates 
prompt, aggressive treatment to prevent severe morbidity or mortality.

Ophthalmologic infl ammatory changes such as subacute anterior uveitis may occur, but physical fi ndings 
are subtle. Neither conjunctival irritation nor signifi cant complaints of eye pain usually are present. Synechia 
(irregular pupillary margins), cloudy anterior chambers, and cataracts may be seen in advanced cases, but in 
mild or early involvement, ophthalmologic slit lamp examination may be the only way to detect infl ammatory 
changes in the anterior chamber. Acute iritis, which does involve acute onset of pain and conjunctival erythema, 
is associated with the enthesopathy-related arthropathies.

Pediatric Pearl: The uveitis associated with JIA, which is most commonly seen with the 
oligoarticular type of disease, is asymptomatic. Serial slit lamp examinations, performed as 
many as four times per year in high-risk patients, have successfully decreased the incidence 
of permanent eye damage from uveitis.

Pe
oli
ma

Laboratory Evaluation

No specifi c diagnostic test for the confi rmation of JIA is available. Th e presence of autoantibodies, especially 
antinuclear antibody (ANA) and RF, are not specifi c to any particular type of JIA, although some trends are 
evident (see Table 21-3). In children with systemic JIA who have very high fevers or appear toxic, presence of 
the coagulopathy associated with macrophage activation syndrome should be rapidly assessed.

Synovial fl uid analysis is important when joint infection is being considered as a possible diagnosis, espe-
cially important when children present with a single joint. Septic arthritis and osteomyelitis occur in the same 
age group (1 to 4 years) as oligoarticular JIA. Typically, synovial fl uid in JIA is an infl ammatory exudate with a 
white blood cell (WBC) count of 10,000 to 50,000 cells/�L, primarily neutrophils, and few red blood cells. In 
contrast, septic arthritis is usually associated with higher WBC count (from 50,000 to more than 100,000 cells/
μL).  Because crystal arthropathies such as gout are exceedingly rare in children and adolescents, synovial fl uid 
analysis to look for crystals is rarely necessary. Synovial biopsy, which is infrequently performed for diagnostic 
purposes, usually shows marked lymphocytic infi ltration.

Imaging studies may be helpful in determining the severity of synovitis in JIA. Plain radiographs usually 
are normal in early or mild disease, but cartilage loss, periarticular osteoporosis, erosions, sclerosis, subchondral 
lucency, and deformity may be visible in long-standing or severe disease. Radiographic evidence of sacroiliitis 
with sclerosis and erosions of the sacroiliac joints is diagnostic for juvenile ankylosing spondylitis. Magnetic 
resonance imaging (MRI) is becoming a very useful modality to determine the extent of synovitis and cartilage 
involvement and to exclude other diagnoses such as trauma.

Differential Diagnosis
Th ree major conditions should be considered in the diff erential diagnosis of JIA: trauma, infection, and neo-
plasm. Trauma is usually excluded based on history, clinical, and laboratory fi ndings.

It is essential to rule out a bone or joint infection in oligoarticular JIA, which often manifests initially in one 
joint, most frequently the knee or ankle. Th e high fevers, leukocytosis, and elevated acute phase reactants seen in 
systemic JIA should prompt a comprehensive evaluation to exclude infection. Acute rheumatic fever may account 
for a recent onset of arthritis and fever (see Chapter 13). Lyme arthritis, which usually presents 1 to 2 years after 
exposure to the tick-borne Borrelia burgdorferi, is generally oligoarticular (see Chapter 9). Diagnosis depends on 
potential exposure. Laboratory evaluation for Lyme disease includes confi rmation of a positive enzyme-linked 
immunosorbent assay test with a western blot or similar test for multiple B. burgdorferi proteins.
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582   SECTION II ■ PEDIATRIC SUBSPECIALTIES

Neoplastic disease is another important diff erential to be considered. Twenty percent of children with acute 
leukemia present with bone pain, and in many cases this is so early in the course of disease that no abnormal 
cells may be seen in the peripheral smear. Rarely are there large synovial swellings in leukemia, but periarticular 
swelling and pain or point tenderness may be evident. Lymphoma, neuroblastoma, and bone cancers can also 
present with features suggestive of arthropathy.

Other juvenile rheumatic diseases may present initially with arthritis, including SLE, sarcoidosis, and vas-
culitis. Clinical and laboratory features help distinguish these diseases from JIA (see the following sections).

Pediatric Pearl: Bone pain is a common presentation of childhood leukemia. Thus, when 
evaluating arthritis in children with an unusual clinical presentation (e.g., low-grade fever, 
weight loss, bone pain out of proportion to physical fi ndings) and a low or low-normal 
total WBC count with lymphocyte predominance or atypical lymphocytes, or thrombocy-
topenia, bone marrow examination is necessary.

Pe
ev
we

Management
Nonsteroidal anti-infl ammatory drugs (NSAIDs) are a mainstay of systemic treatment of JIA (Table 21-4) 
followed by low-dose methotrexate. Th e major complications of low-dose methotrexate therapy are hepatic 
 toxicity, allergies, mild bone marrow suppression, and, rarely, pneumonitis. It is rare for permanent or serious 
 complications to occur in children with methotrexate. In cases where methotrexate and NSAIDs have not 
achieved disease control, the newer family of biologic therapies has been highly eff ective. Th e most widely used 

 TABLE 21-4

Management of Juvenile Idiopathic Arthritis

Standard First-Line and Second-Line Th erapy for Low–Moderate-Risk Disease Categoriesa

Start with NSAIDs.

Consider initiation of low-dose methotrexate (0.3–0.6 mg/kg/wk) if signifi cant synovitis involving mul-
tiple joints persists for 3–6 months or radiologic evidence of destructive disease is present.

Consider intra-articular corticosteroid injection(s) if signifi cant synovitis persists in �2 joints for 3–6 months.

Use sulfasalazine in spondyloarthropathy.

Lack of Response to Standard First-Line and Second-Line Th erapy or High-Risk Disease Categoriesb

Consider parenteral methotrexate weekly (up to 1 mg/kg/wk).

Use TNF inhibitors (etanercept, adalimumab) approved for JIA, infl iximab approved in adult RA.

Consider systemic corticosteroid therapy in appropriate cases (see Table 22-5)

Consider IL-1 or IL-6 inhibitors especially in systemic JIA (in trials, approved for adult RA)

Consider anti-CTLA Ig (abatacept, approved for JIA)

Consider anti B cell therapies (rituximab approved for adult RA)

Consider IVIG for systemic manifestations (effi  cacy not proven).

Consider immunosuppressive agents (azathioprine, cyclosporin A, cyclophosphamide)

Consider surgery in cases in which medical treatment has been unable to control joint damage. In severe 
cases of JIA, joint replacement may be performed during adolescence when growth is completed.

a Low-to-moderate risk: Oligoarticular, RF-, anti-CCP-polyarticular, mild systemic, spondyloarthropathy, or psoriatic arthritis.
b Erosive, aggressive disease or severe systemic manifestations (systemic category) or severe eye disease.

IVIG, intravenous immune globulin; NSAID, nonsteroidal anti-infl ammatory drug; RA, rheumatoid arthritis.
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CHAPTER 21 ■ RHEUMATOLOGY  583

 TABLE 21-5

Use of Corticosteroids in Juvenile Idiopathic Arthritis (JIA)

Indications for High-Dose Systemic Corticosteroid Th erapy (prednisone 2 mg/kg/day or pulse 

 methylprednisolone 30 mg/kg/day for 3 days)

Symptomatic pericarditis, pneumonitis, cerebritis, coagulopathy, macrophage activation syndrome in 
systemic JIA

Severe uveitis unresponsive to topical therapy

Indications for Low-Dose Systemic Corticosteroid Th erapy (prednisone �0.5 mg/kg/day)

Signifi cant anorexia

Failure to thrive

Pain, joint limitations signifi cantly limiting quality of life

Indications for Local Corticosteroid Th erapy

Uveitis (ophthalmologic corticosteroids; subtenon injections for severe disease)

Persistent synovitis in �3 joints (intra-articular corticosteroid injections [triamcinolone hexacetonide])

are the tumor necrosis factor (TNF) inhibitors (Table 21-4). Th ese agents are eff ective in as many as 70% of chil-
dren who are resistant or intolerant to methotrexate. Other cytokine inhibitors such as inhibitors of  interleukin 
(IL)-1 and IL-6 have been shown to be eff ective specifi cally in systemic JIA where methotrexate and TNF 
inhibitors are not as helpful. Th ere are a variety of additional biologics shown in Table 21-4, which are becoming 
available and have been shown to be helpful in JIA and adult rheumatoid arthritis.

Systemic or local corticosteroids are used in JIA for selected indications only (Table 21-5). If systemic 
corticosteroids are required, every eff ort should be made to decrease the dose to prevent the severe side eff ects 
of this family of medications.

Nonpharmacologic interventions, including physical and occupational therapy, continue to be a mainstay 
of any treatment regimen in JIA. Surgical interventions, such as total joint replacements, have signifi cantly de-
creased since the advent of the TNF inhibitors.

SYSTEMIC LUPUS ERYTHEMATOSUS
Th e childhood form of SLE, the second most common rheumatic disease in children, is similar in many ways to 
the adult form except that organ system involvement is more frequent and more severe in children. Th is com-
plex, multisystem disease is rare before the age of 4 years, and females are more commonly aff ected than males. 
Prior to puberty, the female:male ratio is 3 or 4:1; after puberty, it is 7 or 8:1. Th e incidence increases until it 
peaks at the age of 20 to 30 years.

Pathophysiology
Many of the manifestations of SLE are caused by deposition of immune complexes along basement membranes 
of multiple tissues. Table 21-6 shows the 1997 American College of Rheumatology Criteria for the diagnosis 
of SLE, which is used in both adult and pediatric SLE; 4 of 11 criteria are required for diagnosis. Table 21-7 
shows the common autoantibodies seen in SLE as well as those in other childhood rheumatic diseases. Without 
appropriate treatment, 30% of children with SLE progress to end-stage renal disease; however, with current 
medical management, overall survival at 15 years is estimated to be 90%.

Clinical and Laboratory Evaluation
History

Th e onset of SLE may be insidious or acute. Acute onset of fever in patients who are receiving treatment 
for SLE may indicate infection, a side eff ect of the commonly used corticosteroids and immunosuppressive 
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 TABLE 21-7

Autoantibodies and Associated Diseases

Autoantibody Disease

ANA SLE (98% of patients), JIA, scleroderma, dermatomyositis, 
MCTD, Sjögren disease; positive in 10% of healthy children

Anti-dsDNA SLE (highly specifi c)

Anti-Smith SLE (highly specifi c)

Antiribonucleoprotein SLE, MCTD

Anti-Ro (SSA) SLE, neonatal lupus syndrome, Sjögren syndrome

Anti-La (SSB) SLE, neonatal lupus syndrome, Sjögren syndrome

Antihistone SLE, drug-induced lupus

Antiscleroderma-70 Systemic sclerosis

Anticentromere Limited diff use scleroderma

Antiphospholipid SLE, antiphospholipid syndrome, MCTD, viral infections

Anticardiolipin SLE, antiphospholipid syndrome, MCTD, viral infections

Antineutrophil cytoplasmic antibody Vasculitis, infl ammatory bowel disease

Antiplatelet, antierythrocyte, anti-WBC SLE, antiphospholipid syndrome, MCTD

Antismooth muscle Autoimmune hepatitis

RF JIA, MCTD

ANA, antinuclear antibody; JIA, juvenile idiopathic arthritis; MCTD, mixed connective tissue disease; RF, rheumatoid 

factor SLE, systemic lupus erythematosus; WBC, white blood cell.

584

 TABLE 21-6

1997 ACR Criteria for Systemic Lupus Erythematosusa (SLE) 
1. Malar rash (rash on cheeks)

2. Discoid rash (red, scaly patches on skin that cause scarring)

3. Photosensitivity (exposure to ultraviolet light causes skin rash, or other symptoms of SLE fl are-ups)

4. Oral ulcers (includes oral or nasopharyngeal ulcers).

5. Arthritis: Nonerosive arthritis of two or more peripheral joints, with tenderness, swelling, or eff usion

6. Serositis: Pleuritis (infl ammation of the membrane around the lungs) or pericarditis (infl ammation of 
the membrane around the heart)

7. Renal disorder: More than 0.5 g/day protein in urine or cellular casts seen in urine under a  microscope

8. Neurologic disorder: Seizures or psychosis

9. Blood, hematologic disorder, hemolytic anemia (low red blood cell count) or leukopenia (total white 
blood cell count �4,000/mm3), lymphopenia (�1,500/mm3) or thrombocytopenia (�100,000/mm3) 
in the absence of off ending drug

10. Immunologic disorder: Positive anti-Smith, anti-dsDNA, antiphospholipid or anticardiolipin 
 antibodies, and/or false-positive serological test for syphilis

11. Antinuclear antibody test positive

a Four of 11 are required for diagnosis. 
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 TABLE 21-8

Signs and Symptoms of Systemic Lupus Erythematosus (SLE) in Childrena

Arthritis

Rash (malar, purpuric, vasculitic)

Alopecia

Constitutional symptoms (fever, weight loss, fatigue)

Oral and nasal ulcers

Cardiac disease (pericarditis, myocarditis)

Pulmonary disease (pneumonitis, pleural eff usions, pulmonary hemorrhage, pulmonary hypertension)

Renal disease  (glomerulonephritis, nephrosis, hypertension, renal insuffi  ciency)

Hematologic abnormalities (anemia, bleeding, hypercoagulability)

Raynaud phenomenon

Central nervous system disease (cerebritis, seizures, cerebral vascular accidents, peripheral neuropathy, 
movement disorders)

Gastrointestinal (pancreatitis, vasculitis, microperforation, exudative ascites)

a Clinical manifestations listed in order of frequency of occurrence (from most common to least common).

agents. Prolonged fl u-like illness with or without rashes and joint pain in adolescent girls should raise suspi-
cion for SLE.

Physical Examination

Th e presentation of SLE in children is diverse, and a comprehensive examination is essential. Th e most common 
signs and symptoms are rash, arthritis, fatigue, weight loss, and fever (Table 21-8).

Laboratory Evaluation

Many laboratory fi ndings are abnormal in children with active SLE (Table 21-9). Depressed complement levels 
are a refl ection of immune complex formation and deposition; in fact, regular checking of complement compo-
nents C3 and C4 is an excellent way of monitoring disease activity. Screening for antiphospholipid antibodies, 
the most common antibodies associated with hypercoagulability in SLE, should include anticardiolipin, anti-�2 
glycoprotein 1, and lupus anticoagulant or dilute Russell viper venom test.

MRI, computed tomography (CT), magnetic resonance angiography, and conventional angiography may 
be helpful in assessing for cerebral vascular accidents and arterial thromboses. However, MRI and CT scans may 
be normal in patients with generalized cerebritis, and spinal fl uid studies may also be entirely normal in these 
individuals. Metabolic scans such as positron emission spectroscopy or spectamine scanning may be useful, but 
are often unable to distinguish between new or old disease, or mild or severe disease.

Evaluation of the extent of renal disease is often the most important diagnostic consideration in SLE 
because renal involvement is the most powerful predictor of morbidity. It is now possible to classify patients 
according to risk of renal failure, which helps guide therapy (Table 21-10).

Differential Diagnosis
Th e most common infections that may mimic SLE are infectious mononucleosis and streptococcal infections 
(see Chapter 9). Lymphoid neoplasms can also resemble SLE, especially B-cell lymphoma, which may have as-
sociated positive ANAs. Drug-induced lupus occurs infrequently in children on anticonvulsants, minocycline, 
and methylphenidate (Ritalin). In addition, other rheumatic diseases of children must be distinguished from 
SLE, most notably systemic JIA, dermatomyositis, scleroderma, mixed connective tissue disease, and vasculitis.
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 TABLE 21-9

Laboratory Abnormalities in Systemic Lupus Erythematosus (SLE)

Laboratory Test Finding in SLE

CBC
WBC count
Platelet count

Hgb

2,000–4,000/�L (leukopenia)
100,000–150,000/�L (common)
�10,000/�L (infrequent)
9–10 g/dL (common)
�8 g/dL (severe hemolytic anemia; infrequent)

ESR Elevated

Complement levels Low

Autoantibody screening
ANA
Anti-DNA
Antiphospholipid antibodiesa

VDRL test for syphilis

Antiphospholipid (50% of patients), ANA, among others
High titer in �98% of patients
Present in �60% of patients
Present in 50% of patients
False-positive

Circulating immune complexes Immune complexes

Serum albumin Hypoalbuminemia

Urinalysis Proteinuria
Presence of RBCs

Serum creatinine and BUN Elevated in renal insuffi  ciency

a Anti-phospholipid antibodies detected by assays for anticardiolipin, anti-b2 glycoprotein antibodies, lupus anticoagulant or dilute 

Russell viper venom test (DRVVT).

ANA, antinuclear antibody; BUN, blood urea nitrogen; CBC, complete blood count; ESR, erythrocyte sedimentation rate; 

Hgb, hemoglobin; RBC, red blood cell; VDRL, Venereal Disease Research Laboratory; WBC, white blood cell.

Management
Once the diagnosis of SLE is made, the key management principle is matching the intensity of the treatment to 
the severity of the disease—whether the manifestations are mild, moderate, or severe (Table 21-11). In general, 
corticosteroids are required to control disease in the majority of patients, but once the disease is controlled, 
corticosteroids should be tapered to a minimal dose. Hydroxychloroquine and very low dose corticosteroids 
have been shown to be eff ective in preventing relapses of disease. When SLE is well controlled, many of the 
once-abnormal laboratory values return to normal, and is in remission, almost all laboratory values are normal 
except perhaps for a positive ANA.

Th e use of intravenous cyclophosphamide has dramatically improved the outcome of severe lupus and 
lupus nephritis in children and adults. Th e major complications of cyclophosphamide are bone marrow sup-
pression, infection, hemorrhagic cystitis, infertility, and increased future risk of neoplastic disease. Myco-
phenolate mofetil is increasingly being used as maintenance therapy as well as induction therapy, replacing 
cyclophosphamide for some types of disease. Azathioprine is usually used in cases of mycophenolate intol-
erance. Anti-B cell therapies such as rituximab have been shown to be helpful in cases that have failed or 
only partially responded to cyclophosphamide or mycophenolate. Currently, infectious complications are the 
major cause of signifi cant morbidity and mortality in children with SLE. Physicians should pay meticulous 
attention to any signs of potential infection because even low-grade fevers may be signifi cant in patients who 
take high-dose steroids and immunosuppressive agents. In addition, opportunistic infections are also found 
in SLE. Some experts recommend that patients who take cyclophosphamide should receive prophylaxis for 
Pneumocystis carinii.
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 TABLE 21-10

Lupus Nephritis (LN) in Systemic Lupus Erythematosus (SLE)

ISN/RPSa 

Classifi cation

Pathologic Description Associated Laboratory 

Findings

Prognosis

Class I Minimal mesangial LN Normal No renal dysfunction

Class II Mesangial proliferative LN Hematuria, mild pro-
teinuria

No renal dysfunction

Class III Focal LN (�50% of glomeruli)
• III(A): active lesions
• III(A/C):  active and chronic 

lesions
• III(C): chronic lesions

Hematuria, proteinu-
ria, hypoalbuminemia

Mild renal 
 dysfunction

Class IV Diff use LN (	50% of glomeruli)
Diff use segmental (IV-S) or 
global (IV-G) LN
• IV(A): active lesions
• IV(A/C): active and chronic 

lesions
• IV(C): chronic lesions

Hematuria, protei-
nuria, hypoalbumin-
emia, elevated serum 
creatinine

Signifi cant risk of 
renal failure

Class V Membranous LN Proteinuria, hypoalbu-
minemia

Risk of slow progres-
sion to renal failure

Class VI Advanced sclerosing LN
(	90% globally sclerosed 
 glomeruli without residual)

Severe azotemia and 
associated fi ndings

Renal failure requir-
ing renal replacement 
therapy

a  ISN/RPS (International Society of Nephrology/Renal Pathology Society) has replaced previous World Health 

 Classifi cation in 2003.

Pediatric Pearl: Infection is common in children with rheumatic disease who are receiving 
corticosteroids and immunosuppressive medications. Fever should prompt obtaining blood 
and other cultures. When faced with potential serious infections in immunosuppressed 
patients, it is appropriate and safe to start broad-spectrum antibiotics before culture results 
become available.

Pe
co
an

JUVENILE DERMATOMYOSITIS
Juvenile dermatomyositis is characterized by infl ammation of the skeletal muscles and skin. Th e illness, which 
may occur any time during childhood, is slightly more common in girls.

Pathophysiology
Although juvenile dermatomyositis is outwardly clinically similar to adult dermatomyositis, it is distinct from 
the adult form of disease in several important ways. Th e juvenile disease is primarily a vasculitis with small ves-
sel and capillary involvement, with no associated neoplasms, as in adult dermatomyositis. If the infl ammatory 
process is well controlled, most children enter a permanent remission after 2 to 5 years of therapy.

Clinical and Laboratory Evaluation
History

Th e onset of juvenile dermatomyositis may be acute, with rapidly progressive weakness and rash over a few 
weeks, or insidious, with slow progression of signs and symptoms over years. In some cases, the weakness can 
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be profound. Muscle pain is usually mild. Constitutional symptoms, such as fever, weight loss, or anorexia, 
may occur.

Physical Examination

Key clinical features of juvenile dermatomyositis are evident on physical examination (Table 21-12). Careful mus-
cle strength testing is important to perform to monitor disease activity and response to treatment (Table 21-13).

Laboratory Evaluation

Abnormal muscle enzymes are detected in the vast majority of patients with juvenile dermatomyositis, including 
elevated creatine kinase, lactate dehydrogenase, aspartate aminotransferase, and aldolase. Diagnostic procedures 
such as electromyography, MRI, and muscle biopsy may be helpful in ambiguous cases.

Differential Diagnosis
Th e major diagnoses that should be considered in children with muscle weakness are muscular dystrophy and 
neurologic disease. Other rheumatic diseases in children may have elements of infl ammatory myopathy, includ-
ing SLE and scleroderma.

Management
Th e mainstay of therapy in juvenile dermatomyositis is corticosteroids in dosages adequate to control infl am-
mation, usually 1 to 2 mg/kg/day of prednisone and/or pulse methylprednisolone intermittently for a period 
of time. Low-dose methotrexate and hydroxychloroquine are often used in moderate cases, and a variety of 

 TABLE 21-11

Treatment of Childhood Systemic Lupus Erythematosus (SLE) Based on 
 Disease Severity

Severity of SLE Treatment

Mild

Rashes, arthralgias, leukopenia, anemia, 
arthritis, fever, fatigue

NSAIDs
Low-dose prednisone (�0.5 mg/kg/day)
Hydroxychloroquine
Prednisone (1–2 mg/kg/day)

Moderate

Mild disease � mild organ system in-
volvement (mild pericarditis, pneumoni-
tis, hemolytic anemia, thrombocytopenia, 
mild renal disease, mild CNS disease)

NSAIDs
Hydroxychloroquine
Low-dose methotrexate (0.5–1.0 mg/kg/wk)
Mycophenolate mofetil, azathioprine

Severe

Severe, life-threatening organ system 
involvement (CNS disease, diff use lupus 
nephritis, pulmonary hemorrhage)

High-dose corticosteroids (2–3 mg/kg/day) or pulse 
methylprednisolone (30 mg/kg/day 
 3 days)
Induction therapy with intravenous monthly cyclophosph-
amide or high dose mycophenylate mofetil for 6-12 months
Maintenance therapy with mycophenylate mofetil 
Anti B cell therapies (belimumab, rituximab) 
Intravenous cyclophosphamide (1,000 mg/m2 every 1–3 
months) mycophenylate mofetil
Plasma exchange

CNS, central nervous system; NSAID, nonsteroidal anti-infl ammatory drug.
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other therapies have been used as well (e.g., IVIG, cyclosporine). Because of the wide variability in treatment 
regimens, there is currently a research eff ort underway to identify the best treatment approaches to juvenile der-
matomyositis. Normalization of muscle enzymes with treatment is a good measure of adequate suppression of 
infl ammation. One of the longer term complications of the disorder is subcutaneous calcifi cation or calcinosis. 
When early infl ammation is well controlled, this complication is much less frequent. If the disease continues to 
be active, the addition of low-dose methotrexate to the corticosteroid regimen is appropriate. In cases of severe 
vasculitis involving the gastrointestinal (GI) tract, cyclophosphamide or cyclosporine may be helpful. Physical 
and occupational therapy is essential to improve strength and prevent muscle tightening.

SCLERODERMA
Scleroderma assumes two major forms in children: localized scleroderma, which is limited to focal areas of skin 
and subcutaneous tissues and is the most common form, and diff use scleroderma (also called systemic sclerosis), 
which is very similar to the adult disease. Diff use scleroderma is extremely rare in children.

 TABLE 21-12

Clinical Features of Juvenile Dermatomyositis

Organ/System Symptoms and Signs

Skin Heliotrope (purplish) rash over eyelids
Erythematous thickened lesions over MCP and PIP joints (Gottron papules)
Erythematous thickened lesions over elbows, knees, and malleoli, with malar rash
Vasculitis lesions
Calcinosis, soft tissue deposition of calcium

Muscle Proximal and symmetric weakness
Poor head and trunk control
Gower sign
Trendelenburg sway

Gastrointestinal Vasculitis
Microperforation

Pulmonary Recurrent pneumothoraces

Cardiac Rare myocardial involvement

MCP, metacarpophalangeal; PIP, proximal interphalangeal.

 TABLE 21-13

Muscle Strength Testing

Grades % Function Activity Level

5 Normal 100 Complete range of motion against gravity with full resistance

4 Good 75 Complete range of motion against gravity with some resistance

3 Fair 50 Full range of motion against gravity

2 Poor 25 Full range of motion without gravity

1 Trace 15 Evidence of slight contractility; no eff ective joint motion

0 No contraction 0 No evidence of muscle contractility
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Pathophysiology
Both forms of scleroderma are characterized by progressive fi brosis of aff ected tissues due to immune stimula-
tion of fi broblast activity. Each form of scleroderma has diff erent characteristics (Table 21-14).

Clinical and Laboratory Evaluation
History

Both types of scleroderma are typically of slow onset and have a gradually progressive course (over several years). 
However, further progression of localized scleroderma tends to stop after 5 to 7 years. Localized disease is fi rst 
noticeable as a painless, nonpruritic skin lesion anywhere on the body. Diff use scleroderma usually begins as 
sclerodactyly and Raynaud syndrome.

Physical Examination

Skin changes and other associated fi ndings are evident in scleroderma (see Table 21-14). In diff use disease, organ 
system involvement is the major morbidity in diff use scleroderma. In the linear form of localized scleroderma, 
sclerosis of skin and soft tissues can be associated with underlying bony involvement, impairing growth of the facial 
bones or involved extremity, and is seriously disfi guring. Sclerotic lesions crossing a joint may lead to decreased range 
of motion. Active morphea (plaque-like lesions) or linear lesions often are associated with erythematous borders.

Laboratory Evaluation

ANAs are commonly positive in both localized and diff use scleroderma, especially antiscleroderma-70 and anti-
centromere antibodies. Laboratory abnormalities are rare in localized scleroderma, but may be indicative of organ 
system involvement in diff use scleroderma including myositis and renal or GI involvement. Because there is little 
stimulation of the acute phase response, the erythrocyte sedimentation rate or C-reactive protein is unremarkable.

 TABLE 21-14

Characteristics of Diffuse and Localized Scleroderma

Type Subtype Skin Involvement Associated Findings

Diff use 
scleroderma

Systemic 
sclerosis

Sclerosis proximal to 
the metacarpophalan-
geal joints required for 
diagnosis, may progress 
to involve all areas

Raynaud syndrome, esophageal dysmo-
tility, atrophy and dilatation of small 
and large bowel, pulmonary fi brosis, 
pulmonary hypertension, cor pulmonale, 
nephrosclerosis, myocardial fi brosis

Subacute 
 diff use scle-
roderma

Sclerodactyly, telangi-
ectasia

Esophageal dysmotility, Raynaud 
syndrome, calcinosis, milder pulmonary 
and renal disease compared to systemic 
sclerosis

Localized 
scleroderma

Morphea One or more plaque-like 
atrophic hypopigmented 
lesions with lilac border

No associated organ system involvement
No progression to diff use scleroderma

Linear 
scleroderma

One or more band-like 
sclerotic lesions extend-
ing along dermatomes, 
hypo- and hyperpig-
mentation

Local growth abnormalities underlying 
lesions on face, skull, and extremities
Joint tightness and arthralgias
No organ system involvement
No progression to diff use scleroderma

Eosinophilic 
fasciitis

Th ickened skin and sub-
cutaneous tissues, “peau 
d’orange” appearance

Eosinophilia sometimes seen
No organ system involvement
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Imaging studies are very helpful in assessing the presence and severity of pulmonary disease. High-
 resolution CT of the chest may reveal alveolitis and fi brosis, which may eventually lead to severe pulmonary 
fi brosis, pulmonary hypertension, and cor pulmonale. Chest radiography may be normal. Pulmonary function 
tests, echocardiography (for pulmonary artery pressure estimates), and GI barium studies may be used to delin-
eate the extent of disease.

Differential Diagnosis
Th e slow onset and progression of scleroderma in childhood makes diagnosis diffi  cult; symptoms appear slowly. 
One of the earliest features in diff use scleroderma is Raynaud syndrome. However, Raynaud phenomenon may 
occur in otherwise healthy individuals and usually does not lead to signifi cant disease. Positive ANA and other 
autoantibodies, and changes in nail bed capillaries (dilated vessels, avascular areas with capillary dropout, tortuous 
or dilated loops) are subtle indications that systemic sclerosis may develop. Scleroderma-like syndromes are as-
sociated with long-standing insulin-dependent diabetes mellitus, and skin and autoimmune changes are seen with 
allogeneic bone marrow transplantation. Th e lesions of localized scleroderma, which may appear very similar to a 
scar, may be confused with lichen sclerosis et atrophica or fungal infections.

Management
In localized scleroderma when symptoms are mild, emollients or creams are most useful. In cases of linear 
scleroderma, in which patients are at risk for development of disability or signifi cant cosmetic defect, systemic 
corticosteroids and low-dose methotrexate should be considered.

In diff use scleroderma, the severity of involvement dictates the aggressiveness of treatment. Cyclophosphamide 
may be eff ective with pulmonary alveolitis and early fi brosis, and low-dose methotrexate, D- penicillamine, or low-
dose corticosteroids may control milder forms of these conditions. Symptomatic treatment with proton pump in-
hibitors and GI motility agents may be useful for GI problems, calcium channel blockers may be helpful for Raynaud 
syndrome, and angiotensin-converting enzyme inhibitors or analogs are helpful for hypertension and renal disease.

Systemic sclerosis progresses slowly, and cardiopulmonary manifestations currently account for the major 
life-threatening morbidity associated with the disorder. Early detection is required because late stages of car-
diopulmonary disease are often resistant to treatment. Regular monitoring with pulmonary function tests and 
echocardiograms is recommended.

VASCULITIS
Many of the major forms of chronic vasculitis that aff ect adults also rarely aff ect children. Th e chronic forms of 
childhood vasculitis are discussed in this section. Two common forms of “transient” vasculitis, Kawasaki disease 
and Henoch-Schönlein purpura, will not be discussed here (see Chapters 13 and 22).

Pathophysiology
Th e most common forms of vasculitis in children may be diff erentiated according to their major clinical and 
pathologic manifestations (Table 21-15).

Clinical and Laboratory Evaluation
History

Th e history obtained in vasculitis refl ects the type and extent of organ system involvement. Granulomatosis with 
polyangiitis (formerly Wegener granulomatosis) is characterized by recurrent sinusitis and pulmonary disease. 
In contrast, polyarteritis may be characterized by constitutional symptoms such as fever and fatigue, as well as 
features of mesenteric vasculitis such as abdominal pain.

Physical Examination

Th e key features of the physical examination refl ect the type of organ system involvement in the various types 
of vasculitis (see Table 21-15). Upper and lower respiratory track and eye involvement suggests granulomatosis 
with polyangiitis. Hypertension suggests renal involvement, as seen in polyarteritis or the antineutrophil cyto-
plasmic antibodies (ANCA)-positive vasculitides. Symptoms of syncopy, claudication, and altered peripheral 
pulses suggest large-artery involvement, as in Takayasu arteritis.
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Laboratory Evaluation

One of the most helpful tests for diagnosis and monitoring of disease activity in vasculitis is ANCA, which are 
associated with the major forms of vasculitis (see Table 21-15). Infl ammatory changes, including leukocytosis, 
thrombocytosis, and elevated acute phase reactants, are seen in active disease. Glomerulonephritis, with  active 
urinary sediments and decreased creatinine clearance leading to renal failure, is a major complication of granu-
lomatosis with polyangiitis and microscopic angiitis.

Imaging studies are helpful in understanding the extent of vasculitis. MRI and CT of the sinuses and chest 
are indicated in granulomatosis with polyangiitis, and CT/MR angiography and conventional angiography are 
required in the evaluation of Takayasu arteritis. Th e renal or mesenteric microaneurysms in polyarteritis nodosa 
may only be visualized on conventional arterography.

Differential Diagnosis
It is essential to distinguish among the major types of vasculitis in children because the extent and type of organ 
system involvement characterizes distinct clinical syndromes. However, when symptoms are vague, the major 
nonrheumatic diseases that should be considered are infectious (e.g., infectious mononucleosis) and neoplastic 
(e.g., lymphoma).

Management
Th e approach to management depends on both the type of vasculitis and the severity of involvement. Corticos-
teroids are the mainstay of treatment, but in certain types of vasculitis, corticosteroids alone may not be adequate. 
For example, cyclophosphamide is almost always indicated in granulomatosis with polyangiitis and frequently in 
polyarteritis with organ system involvement. Other drugs that may be useful in milder forms of vasculitis, such as 
microscopic polyangiitis, include immunosuppressive agents such as mycophenolate mofetil and methotrexate.

PAIN SYNDROMES IN CHILDREN
Although rarely leading to permanent dysfunction or organ system damage, severe chronic pain may be ex-
tremely disabling unless recognized and treated. Pain syndromes in children may be frequently confused with 
rheumatic diseases. However, distinct features are helpful in distinguishing the major pain syndromes in chil-
dren from rheumatic diseases (Table 21-16).

Pathophysiology
Th e etiology of pain syndromes may in part be developmental or mechanical. Familial associations are seen in 
benign limb pains and fi bromyalgia. Psychologic causes are not associated except in conversion reactions; how-
ever, secondary depression due to chronic pain and disability is frequent.

Clinical and Laboratory Evaluation
History

Th e typical historical features of pain syndromes are a long onset period as well as variable intensity and fre-
quency (see Table 21-16). Females are more commonly aff ected than males, and onset occurs during puberty. 
Patients describe the pain as intolerable and unrelenting; as described, the severity of pain is greater than it is in 
other diseases such as JIA. Th e pain causes aff ected children to be unable to participate in normal activities.

Physical Examination

Th e physical examination is usually the basis for the diagnosis, with the major symptoms and signs as noted in 
Table 21-16. Typically, there is no evidence of joint swelling, skin rash, or other signs of infl ammatory diseases. 
Muscle or diff use extremity pain and tenderness are more common than joint tenderness.

Laboratory Evaluation

No laboratory abnormalities are evident with the pain syndromes. Severe disuse in refl ex sympathetic dystrophy 
can be associated with osteopenia and changes detected by technetium bone scan.
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Differential Diagnosis
Th e key conditions that must be distinguished from pain syndromes are trauma, other rheumatic diseases, and 
neoplastic and neurologic diseases. In some cases, fi bromyalgia may be secondary to musculoskeletal disease due to 
SLE, JIA, and trauma. Although psychologic diseases (e.g., conversion reactions) may sometimes be confused with 
pain syndromes, the presenting symptoms and pain manifestations are frequently bizarre in these conditions.

Management
Accurate diagnosis is the key to management of pain syndromes. Th e families of many children are extremely 
concerned about the potential seriousness of symptoms and will continue to “doctor shop” until they fi nd a phy-
sician whom they believe has made a reliable diagnosis. Reassurance, often the fi rst step, is very eff ective in the 
majority of milder pain syndromes. Intensive physical therapy, sometimes requiring inpatient therapy, is helpful 
in severe cases of fi bromyalgia and refl ex sympathetic dystrophy. In addition, psychologic counseling for stress 
management, depression, and school dysfunction is often necessary in cases where signifi cant disability and lack 
of normal functioning have occurred.

SUGGESTED READINGS
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Elsevier, 2005.
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DEFINITIONS
To best understand the response of the skin to disease processes, it is fi rst important to understand the structure 
of the skin. Th e skin can be divided into two layers, the epidermis and the dermis. Th e epidermis (Figure 22-1) is 
the outer layer of skin that protects the body from the outside environment and maintains internal homeostasis. 
Th e epidermis contains keratinocytes, which divide and undergo a process of maturation called keratinization. 
Th is process results in the formation of the stratum corneum, an outer skin layer that is less than 0.1 mm thick, 
yet provides the majority of the barrier function of the skin. Th e dermis, the deeper layer of the skin, provides 
fl exibility and support. Th e main blood supply and sensory innervation for the skin is found in this layer.

It is essential to know the basic terminologies used in the fi eld of dermatology in order to describe skin 
fi ndings. Skin examination is necessary for identifi cation of primary lesions, the fi rst lesion to appear, and any 
secondary changes. Th e clinician should also note the color, arrangement, and distribution of lesions. At times, 
only secondary lesions are apparent, and the correct diagnosis depends on fi nding less obvious primary lesions. 
Atopic dermatitis is an example of a skin condition with no primary lesions. Th ere are various types of primary 
and secondary lesions (Table 2-21).

DERMATOPHARMACOLOGY
Several principles of skin care are important in caring for infants and children. Th e epidermis, with its combina-
tion of cells surrounded by a lipid layer, provide a hydrophobic barrier that can be injured by the outside environ-
ment as well as by genetic abnormalities in production of the barrier. Recognized abnormalities in the barrier 
are dry skin and dermatitis (infl amed or irritated skin). Dry skin may be associated with scaling, roughened 

Melanocyte

Basal cell layer

Stratum
spinosum

Langerhans cell Stratum
granulosum

Stratum
corneum

Rete ridge

Dermal
papilla

FIGURE 22-1. Cross-sectional representation of the skin. From Lookingbill DP, Mark JG: Principles of Dermatology. 
Philadelphia, WB Saunders, 1993, p 6.
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 TABLE 22-1

Defi nitions of Primary and Secondary Skin Lesions in Infants and Children

Primary Skin Lesions

• Bulla—A lesion larger than 1 cm in diameter, fi lled with clear fl uid.

• Cyst—A raised lesion that contains a palpable sac fi lled with liquid or semisolid material.

• Macule—Color change in the skin that is fl at to the surface of the skin and not palpable.

• Nodule—A raised, solid lesion with indistinct borders and a deep palpable portion. If the skin moves over 
the nodule, it is subcutaneous in location; if the skin moves with the nodule, the nodule is intradermal.

• Papule—A solid, raised lesion 1 cm or less in diameter.

• Plaque—A solid, raised, fl at-topped lesion larger than 1 cm in diameter.

• Pustule—A raised lesion fi lled with purulent exudate, giving it a yellow appearance.

• Vesicle—A raised lesion less than 1 cm in diameter, fi lled with clear fl uid.

• Wheal—An area of tense edema in the upper dermis, producing a fl at-topped, slightly raised lesion.

Secondary Skin Changes

• Atrophy—Th e skin surface is depressed because of thinning or absence of the epidermis or 
 subcutaneous fat.

• Crusting—Dried exudate of plasma combined with the blister roof, which sits on the surface of skin 
following acute dermatitis.

• Erosions—Moist, circumscribed, slightly depressed area representing a blister base with the roof of the 
blister removed.

• Excoriations—Oval-to-linear depressions in the skin with removal of the epidermis, exposing a broad 
section of red dermis. Excoriations are the result of traumatic removal of the epidermis and upper dermis.

• Fissures—Characterized by linear wedge-shaped cracks in the epidermis, extending down to the der-
mis and narrowing at the base.

• Lichenifi cation—Th ickened plaques with accentuated skin markings secondary to chronic rubbing of 
the skin.

• Scaling—Small fl akes on the skin surface, secondary to abnormal shedding or accumulation of stratum 
corneum cells.

texture, and possible erythema (redness), and treatment often involves topical creams, moisturizing lotions, or 
 ointments (Table 22-2). Th ese lubricants smooth the skin and replace lipids in the stratum corneum. Ointments 
are more greasy and occlusive than creams or lotions. Th e higher the humidity in the environment, the less oc-
clusive the cream or lotion should be; in a drier environment, a greasier ointment or cream may feel better.

Care should be a consideration when applying any products to the skin in children, recognizing the poten-
tial for absorption of the product and systemic toxicity. Topical steroids are commonly used to treat infl amed 
skin conditions, irrespective of the cause. Th e strength of topical steroids ranges in potency from low to high 
(Table 22-3).

Pediatric Pearl: Only low- or moderate-potency topical steroids should be used in infants 
and children.
Pe
an

Dangerous and unwanted side eff ects may result from the use of high-potency topical steroids in young 
individuals.
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SKIN LESIONS COMMON IN THE NEONATAL PERIOD

NEONATAL PUSTULES
Term infants may suff er from several common, benign dermatologic conditions, including erythema toxicum 
and transient neonatal pustular melanosis. Th e lesions of erythema toxicum, which develop 1 to 14 days after 
birth, appear as erythematous papules or pustules associated with multiple erythematous macules (Figure 22-2). 

 TABLE 22-3

Topical Steroids Listed by Level of Potencya

Low Potency

Hydrocortisone 1% cream, 2.5% ointment

Desonide 0.05% cream or ointment

Aclovate 0.05% cream or ointment

Moderate Potency

Fluocinolone acetonide 0.025% cream or ointment

Hydrocortisone valerate 0.2% cream or ointment

Mometasone furoate 0.1% cream

Triamcinolone acetonide 0.1% cream or ointment

High Potency

Fluocinonide 0.05% cream or ointment

Desoximetasone 0.25% cream or ointment

Mometasone furoate 0.1% ointment

Clobetasol propionate 0.05% cream or ointment

a Only low- or moderate-potency topical steroids should be used in pediatric dermatology.

 TABLE 22-2

Examples of Common Over-the-Counter Emollients/Moisturizers
Petroleum jelly

Aquaphor ointment

Eucerin cream

Cetaphil moisturizing cream

Purpose moisture lotion with SPF 15

CeraVe moisturizing cream or lotion

Aveeno daily moisturizing lotion

Moisturel sensitive skin, therapeutic cream or lotion

SPF, skin protection factor.
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Th e macules may be at the site of the pustules or elsewhere on the body. 
Typical sites of involvement include the face, trunk, and proximal ex-
tremities. Th e palms and soles are spared. Bedside examination of a scrap-
ing of the pustule with Wright stain indicates that the pustule mainly 
contains eosinophils. Individual lesions can disappear within hours, but 
new lesions typically appear and resolve over several days to weeks, leav-
ing no residua.

Infants, commonly those of African descent, born with pustules 
and/or collarettes of scale may have the condition called transient neo-
natal pustular melanosis. Th e pustules may be seen anywhere on the 
body but appear to be most common on the face and trunk, and occa-
sionally, on the palms and soles. Upon resolution of these pustules, hy-
perpigmented brown macules remain. It can take up to several months 
for these residual dark macules to completely fade. Wright stain of the 
pustule contents usually reveals predominance of polymorphonuclear 
leukocytes.

Cultures of both erythema toxicum and neonatal pustular mel-
anosis should be sterile, and Gram stains should not show bacteria. 
Th ese two common conditions should be distinguished from poten-
tially serious infections such as herpes simplex, cutaneous candidiasis, 
and Staphylococcus aureus infection. Although both lesions appear to be 
of no consequence, because of their appearance at birth, they may be of 
great parental concern.

BIRTHMARKS
Vascular birthmarks are very common in children. Flat vascular lesions occur on the nape of the neck, where 
they are commonly referred to as “stork bites,” or over the midline forehead, nose, or upper eyelid region, where 
they are called “salmon patches.” About 0.3% of infants have port-wine stains, which are darker, red-violaceous, 
fl at vascular lesions. A subset of port-wine stains with a particular facial distribution may be associated with 
either underlying brain or eye involvement (Sturge-Weber syndrome) or overgrowth of a limb when they are on 
an extremity (Klippel-Trenaunay syndrome).

Raised vascular birthmarks usually represent hemangiomas 
( Figure 22-3), which result from a proliferation of endothelial cells. 
Hemangiomas usually enlarge for the fi rst 3 to 6 months of life and 
then start to fl atten. Most of these lesions have fl attened to skin level 
by the time the child reaches 10 years of age. Hemangiomas can cause 
problems when they are large and deforming, multiple, obstruct vision 
or airway, or break down and ulcerate. Ulcerated hemangiomas may 
require antibiotic therapy, as they are usually secondarily infected, most 
commonly with S. aureus. At the time of this writing, further advances 
for the treatment of severe infantile hemangiomas are being made. Th e 
oral use of the β-blocker propranolol is currently being investigated as 
a  potential therapy for complicated and disfi guring hemangiomas. Pre-
liminary results are encouraging and off er promise. Laser surgery has 
also made early nonscarring therapy for both fl at and raised vascular 
lesions possible.

Another condition, Kasabach-Merritt syndrome, was once thought 
to be associated with infantile hemangiomas. It is now known that these 
vascular lesions actually represent other distinct rare vascular tumors 
( Kaposiform hemangioendothelioma or tufted angioma). Th is tumor 
may trap platelets, and aff ected infants present with profound throm-
bocytopenia and multiple areas of bruising. Although less common than 
infantile hemangiomas, this entity is important to recognize early, as it 
could represent a true medical emergency.

FIGURE 22-2. Th is 3-day-old 
healthy newborn has developed 
multiple erythematous macules and 
papules on the trunk, a classic sign of 
erythema toxicum.

FIGURE 22-3. Th is infantile 
 hemangioma is a proliferation of blood 
vessels that involute over time.
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SKIN LESIONS COMMON IN INFANTS AND OLDER CHILDREN

DIAPER DERMATITIS

Pathophysiology
Irritant diaper dermatitis, a common condition seen in infants wearing 
 diapers, is caused by a combination of skin wetness, change in pH level, and 
friction beneath the diaper-covered skin. Entrapped urine and prolonged 
skin wetness within diaper-covered areas increase the infant’s susceptibility to 
macerated skin. Furthermore, urine elevates the pH of the environment be-
neath the diaper. Th e alkaline pH then allows for activation of fecal enzymes 
(lipase, protease) that may be present in the diaper. Th ese proteolytic enzymes 
would further injure the skin. Th erefore, it is common for prolonged diarrhea 
to aggravate this condition. In addition, secondary infection with Candida 

albicans may increase the severity and pain associated with diaper dermatitis 
(Figure 22-4). When diaper dermatitis is associated with erythematous pap-
ules at the periphery, it is suggestive of superinfection with C. albicans.

Management
It is best to minimize any prolonged contact of urine and feces on the skin 
of young infants wearing diapers. Mild irritant diaper dermatitis is typi-
cally treated with an application of a barrier cream or ointment such as 
zinc oxide or petroleum jelly.

Pediatric Pearl: Superabsorbent gel disposable diapers have proved effective in preventing 
diaper dermatitis by absorbing wetness away from the skin and by buffering the pH back 
to normal.

Pe
dia
to

Th e addition of 1% hydrocortisone may be eff ective in decreasing the infl ammation and tenderness. Hy-
drocortisone treatment is usually only necessary for several days.

Infants with C. albicans diaper dermatitis require a topical antifungal agent such as nystatin, miconazole, 
or clotrimazole. Many children who have C. albicans may have recurrences of diaper dermatitis and may need 
intermittent reapplication of the antifungal medication. Th ese infants may also require the continuous applica-
tion of barrier cream or moisturizers in the diaper area with each diaper change.

ACNE
Acne vulgaris is a common skin condition that occurs in 
the pediatric age group. Although it may be seen in infants 
between 2 weeks and 6 months of age, it more commonly 
develops several years prior to the onset of adolescence. Th e 
lesions of acne are often apparent on areas of the face, upper 
chest, and the upper back. Th ese locations correspond to 
areas of increased concentration of sebaceous glands.

Pathophysiology
Th e early lesions of acne are called microcomedones. Th ese 
subclinical clogging of pores then develops into either open 
comedones (blackheads), closed comedones (whiteheads), 
or both (Figure 22-5). Both lesions represent obstruction 
of the sebaceous follicle just beneath the follicular  opening 

FIGURE 22-4. Th is infant has 
severe diaper dermatitis infected with 
Candida albicans. Th e periphery of 
the rash has multiple red papules and 
pustules that extend out of the area 
usually covered by the diaper.

FIGURE 22-5. Open and closed comedones, as well as 
infl ammatory papules, are present on the forehead of an 
adolescent with acne vulgaris.
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in the neck of the follicle. Th e stratum corneum accumulates in this area, obstructing the orifi ce. Over time, with 
the accumulation of sebum (oils) and Propionibacterium acnes (bacterial overgrowth), the closed comedones may 
eventually become infl ammatory papules and, possibly, pustules. Larger lesions may become nodules or cysts. 
Upon healing of individual cysts, pitted scars may result secondary to elastic tissue destruction and fi brosis in the 
dermis, which then pulls the overlying epidermis downward.

Pediatric Pearl: Acne is not caused by diet (such as pizza or chocolate) or dirty skin. These 
are common myths.
Pe
are

Many patients believe that acne is caused by dirty skin and aggressively scrub their skin in an eff ort to 
eliminate the acne. Th ere are no data to support that facial scrubbing improves acne, however, it defi nitely 
increases the irritative side eff ects and can result in brown acne stains, particularly in darkly pigmented skin. 
Keeping the face clean with only water or a mild, noncomedogenic cleanser is usually adequate. Patients in oc-
cupations where their skin is exposed to large quantities of grease may require avoidance of the grease or a more 
eff ective method of skin cleansing.

Management
Treatment of acne varies depending on severity (Table 22-4). For patients who present primarily with open and 
closed comedones or a few infl ammatory papules and pustules, benzoyl peroxide, either as a 5% to 10% over-the-
counter lotion or as a 2.5% to 10% prescription gel, may be adequate. Physicians should warn patients that benzoyl 
peroxide might cause staining of colored clothes and bleaching of bathroom towels. Retinoic acid (tretinoin) is 
another excellent preparation that helps prevent the formation of comedones, the primary lesions of acne. Th is 
agent causes skin dryness and irritation; it is also a photosensitizing drug that may increase the risk of developing 
sunburn. Retinoic acid is available as a cream (0.025%, 0.05%, 0.1%), a gel (0.01%, 0.025%), and a micronized gel 
(0.04%, 0.1%). Th e creams tend to be less irritating and less drying than the gels, whereas the gels are more eff ective 
for patients who believe that their skin is oily and greasy despite treatment with the cream. Adapalene gel (0.1%), 
a new synthetic product with retinoid activity, is not photosensitizing and causes less skin irritation.

Benzoyl peroxide and retinoic acid can also be used in combination. Usually, benzoyl peroxide is ap-
plied in the morning and retinoic acid is applied at night. It is important that retinoic acid be applied to skin 
without any other products and to skin that has not been washed in the previous 30 minutes. Wetting the 

 TABLE 22-4

Basic Treatment Guidelines for Acne Vulgaris

For Few Comedones, Infl ammatory Papules, and Pustules

Benzoyl peroxide gel or lotion

Retinoic acid cream or gel

For Many Comedones, Infl ammatory Papules, and Pustules

Benzoyl peroxide gel or lotion

Retinoic acid cream or gel

Topical antibiotics

Oral antibiotics

For Many Comedones, Infl ammatory Papules, Pustules, Nodules, and Cysts

Retinoic acid cream or gel

Oral antibiotics

Referral to dermatologist; patient may require systemic retinoids
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skin prior to the application hydrates the skin and increases the incidence of absorption and irritation from 
retinoic acid.

Patients who continue to have infl ammatory papules and pustules despite therapy with topical benzoyl 
peroxide and retinoic acid may require additional treatment with antibiotics. Eff ective topical antibiotics include 
clindamycin phosphate 1%, erythromycin 1% to 2%, or sodium sulfacetamide 5% to 10%. Oral antibiotics can be 
used for patients who do not respond to topical antibiotic therapy or combination products (benzoyl peroxide 
plus an antibiotic or retinoic acid). Tetracycline, doxycycline, or erythromycin are the most frequently prescribed 
oral antibiotics for acne and are usually taken in two divided doses per day. For patients for whom oral antibiot-
ics have failed or are demonstrating scarring acne, oral isotretinoin is customarily indicated. A common side 
eff ect of this medication is dryness of the mucous membranes. Systemic isotretinoin is contraindicated in female 
patients who are pregnant or who are attempting to become pregnant or at risk for becoming pregnant due to 
the known harmful eff ects to the developing fetus that may result in major birth defects. Furthermore, the use of 
this oral agent requires monthly blood work to access for other potential toxicities such as hypercholesterolemia, 
hypertriglyceridemia, and elevated liver function tests. Other potential signifi cant side eff ects include pseudo-
tumor cerebri, myalgias, arthralgias, decreased night vision, pancreatitis, impaired wound healing, premature 
epiphyseal closure, photosensitivity, and depression or signifi cant changes in mood.

All acne therapies require several weeks to months before a response is seen. Patient motivation is thus 
an important component of successful therapy. Initially, it is necessary to follow acne patients at 4- to 8-week 
intervals to assess use, evaluate response to therapy, modify therapy as necessary, and motivate the patient to 
continue therapy. It is also necessary to confi rm the dosing regimen for patients for whom the application of 
multiple diff erent products to the face becomes confusing.

ATOPIC DERMATITIS
Atopic dermatitis, also known as eczema, is a common skin disorder, aff ecting 10% to 20% of children. It has been 
described as the “itch that rashes,” which emphasizes that the primary pathology is associated with pruritus  (itching) 
and the results seen on the skin are secondary, such as lichenifi cation (skin thickening) and excoriations (linear 
markings) secondary to repeated scratching. Patients typically present with a history of pruritus and areas of excoria-
tion on their face or other body sites. In general, the extensor surfaces (knees and elbows), scalp, and cheeks of infants 
are the sites involved. Th e most common areas of involvement for older children are the antecubital and popliteal 
fossae (Figure 22-6). Atopic dermatitis can cause severe disability for children and their families secondary to the 
chronicity of daytime itching and lack of sleep, especially from the intensity of nighttime itching. For a discussion of 
the pathogenesis, clinical manifestations, and management of this disease, see Chapter 17, Atopic Dermatitis.

Differential Diagnosis
Two conditions that must be diff erentiated from atopic dermatitis are allergic contact dermatitis and scabies. 
Usually, patients with allergic contact dermatitis have a history of exposure to poison ivy or poison oak. Often, the 
lesions in allergic contact dermatitis appear initially as vesicles that then become excoriated. Occasionally, linear 
vesicles can be seen where the leaf or stem of the plant 
has come in contact with the skin. Scabies is caused by a 
mite and is often associated with pruritus in other family 
members. Th is condition often appears to be worse on the 
hands and feet of infants and children (see Scabies).

SEBORRHEIC DERMATITIS
Seborrheic dermatitis is common before 6 months of age 
and after puberty. It occurs as an accumulation of greasy 
scales on a base of an erythema. When the condition in-
volves the scalp of infants, it is known as “cradle cap.”

Pathophysiology
Seborrheic dermatitis is thought to occur from a physi-
ologic overproduction of sebum and colonization with 

FIGURE 22-6. Atopic dermatitis is seen in this child as 
bilateral excoriations of the antecubital fossa with associ-
ated hypopigmentation.
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Malassezia (Pityrosporum ovale). In infants younger than 6 months of age, it is often diffi  cult to distinguish this 
condition from atopic dermatitis involving the scalp.

Management
For infants who have a thick accumulation of scale, application of mineral oil 30 minutes prior to washing the 
hair may help remove the scale. Treatment may involve low-potency topical steroids such as hydrocortisone 
cream in infants or fl uocinolone solution applied once or twice a day to the area of dermatitis. Adolescents may 
require topical hydrocortisone applied to the areas of dermatitis on the face and fl uocinolone applied to the areas 
of dermatitis on the scalp.

PSORIASIS
Although psoriasis is a common condition in adults, it does occur in children. Aff ected children often present 
with guttate lesions, which are small discrete papules 2 to 4 mm in size that suddenly appear on the trunk with 
extension to the proximal and then distal extremities. Occasionally, 10 to 100 lesions may appear over several 
days. Classic psoriasis (as seen in adults) can also occur in children, who have 1- to 20-cm erythematous plaques 
with overlying fi ne scales or thicker, silver white scales. Often, children have genital involvement with dermatitis 
on the perineal area, inguinal folds, and genitalia.

Pathophysiology
Guttate psoriasis may follow a sore throat, particularly streptococcal pharyngitis, or a perianal streptococcal 
infection. Psoriasis is a condition associated with rapid proliferation of keratinocytes.

Management
Psoriasis can be very diffi  cult to treat and may require variation of therapy from time to time. Th erapy often includes 
topical steroids, a topical tar preparation, a topical vitamin D analog (calcipotriene), or possibly ultraviolet light. For pa-
tients who present with guttate lesions, evaluation for streptococcal disease may document a preceding infection. Of-
ten, therapy with antistreptococcal antibiotics may be benefi cial as an adjunct to psoriasis therapy in these children.

PITYRIASIS ROSEA
Pityriasis rosea is a common condition of unclear etiology seen in chil-
dren and adolescents. Children may present with erythematous papules 
or plaques with scales. Th e lesion may resemble psoriasis or tinea corporis 
initially. Over 1 to 30 days, multiple new lesions may appear, usually on 
the central trunk. Th ese lesions are often oval, with the long axis of the 
oval  lesions parallel to the lines of skin stress. Th e confi guration of these 
lesions on the back may result in a “Christmas or pine tree” appearance 
(Figure 22-7). Th e lesions of pityriasis rosea often resolve in 6 to 10 weeks. 
If the lesions are symptomatic, a low-potency topical steroid or moistur-
izers may help relieve the pruritus.

URTICARIA
Urticarial lesions often present as individual lesions with a central wheal 
(swelling) and a surrounding fl are of erythema. Th ese lesions can be seen 
with insect bites (papular urticaria) or are associated with infection, drugs, 
food, cold, trauma, heat, or exercise. Often, the cause of urticaria is not 
identifi able, and the lesions will resolve over time. Individual lesions usu-
ally last several minutes to several hours, but episodes of recurring lesions 
may last for days to weeks. While investigating the cause of the urticaria, 
symptomatic therapy with oral antihistamines such as hydroxyzine or 
 diphenhydramine may be useful.

FIGURE 22-7. Th e distribution of 
lesions in pityriasis rosea follows skin 
tension lines and resembles a Christ-
mas or pine tree in appearance.

770309_Ch_22.indd   603770309_Ch_22.indd   603 5/6/11   1:51:30 PM5/6/11   1:51:30 PM



604   SECTION II ■ PEDIATRIC SUBSPECIALTIES

PALPABLE PURPURA
Children who present with erythematous papules that do not totally lose their color when the overlying skin is 
pressed may have palpable  purpura. Th ese lesions are usually associated with bleeding from small vessels within 
the skin, usually caused by an infl ammatory infi ltrate  injuring the vessels. A specifi c type of palpable purpura 
seen in children is called Henoch-Schönlein purpura (see Chapter 20). Purpura may also be associated with 
viral or bacterial infections. Th e presence of palpable purpura should alert the physician to the possibility of 
underlying severe disease and the need for more comprehensive evaluation.

VITILIGO
Occasionally, children may present with localized areas of total absence of skin pigment (Figure 22-8). In this 
condition the melanocytes are injured and absent from the area of the decreased pigment. Vitiligo is usually 
symmetrical, involving the arms, legs, or both sides of the body. Frequently, the “islands” of involved skin can be 
described as having a geographic pattern. Aff ected areas do not tan with the potential to burn easily, even in darkly 
pigmented patients. Th e diagnosis is confi rmed by Wood lamp examination, which highlights the sharp demarca-
tion between areas where the pigment is normal. Th is is an especially useful tool when evaluating patients of lighter 
skin color.  Vitiligo can be extremely diffi  cult to treat, and response to therapy is often poor. Common treatment 
options include aggressive use of sunscreens, potent topical steroids, calcineurin inhibitors, and ultraviolet therapy. 
Th e condition may result in major aesthetic deformity in ethnic patients with darkly pigmented skin.

ALOPECIA AREATA
Alopecia areata, or acute hair loss, is often a very distress-
ing condition. Usually, complete hair regrowth eventually 
occurs, but a potential for long-term absence of hair or 
total body hair loss exists.

Alopecia areata is characterized by a circumscribed 
patch or patches devoid of hair, usually on localized areas 
of the scalp ( Figure 22-9). However, it may progress to 
involve all body hairs. Often, the lesion is noticed sudden-
ly. “Exclamation point” hairs are aff ected terminal hairs 
that become progressively narrowed as it approaches the 
scalp. Th ese hairs are frequently found at the periphery of 
the patch and eventually break off  and fall out.  Alopecia 
 areata must be distinguished from tinea capitis, which 

FIGURE 22-8. Th is child’s vitiligo is somewhat symmetrical. It is very disfi g-
uring and diffi  cult to hide.

FIGURE 22-9. Th ese three patches of alopecia without 
scales or erythemas are an example of alopecia areata.
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usually manifests with broken-off  hairs and a scaling dermatitis of the involved skin. Tinea capitis can be identi-
fi ed and confi rmed by a positive fungal culture of the involved area.

Given time, spontaneous regrowth of hair can occur. However, some available treatment options include 
topical, intralesional or oral steroids, nonspecifi c growth promoters, and allergic contact  sensitizers.

NEVI
Infants and children can be born with a nevus (congenital melanocytic nevus) or can develop nevi over time. 
A  congenital nevus is identifi ed at birth as a tan-to-dark brown macule, papule, or patch that is sharply 
 circumscribed (Figure 22-10). Th e congenital nevus grows proportionately to the child as the child grows 
and may demonstrate surface change and hypertrichosis (excessive hairs) often around the time of puberty.

Ordinary nevi may develop on any surface area of the body but are most frequent on areas exposed to 
 sunlight. Th e number of nevi may be greater in children who experience more sun exposure during the fi rst 
10 years of life. Recent data indicate that nevi appear to be sun induced. Although malignant change is very un-
common in infants and children, the amount of sun exposure that children receive and the number of sunburns 
may increase their risk of developing melanoma as adults. Prior to and during puberty, several new lesions may 
develop and old lesions may evolve to grow in elevation and width. Lesions that appear asymmetrical have bor-
ders that are irregular, change color, or rapidly enlarge is a greater concern. Although melanoma is uncommon 
in children, nevi that are undergoing changes may require evaluation over a period of time in order to identify 
the possibility of their being abnormal. Abnormal-appearing nevi should be biopsied to obtain a histologic 
diagnosis. If a melanoma develops, early excision of that melanoma may be curative. Th e longer the time and 
the deeper the melanoma develops, the greater its risk of metastasis. Sun protection for infants, children, and 
adolescents may help prevent the development of skin cancer (Table 22-5). Education of children and parents 
about daily solar protection and sunscreen use is essential.

Pediatric Pearl: The ABCDEs of skin cancer refer to the important clues to look for in a 
changing nevus: Asymmetry (changes in shape), Borders (changes in edges), Color (variation 
in color), Diameter (larger than 6 mm), and Evolving/Elevation (change in morphology over 
time/uneven surface).

Pe
ch
in

FIGURE 22-10. Th is patient has a history of a congenital nevus that has grown proportionately to the child 
and has developed the characteristic change of superimposed hypertrichosis. 

770309_Ch_22.indd   605770309_Ch_22.indd   605 5/6/11   1:51:33 PM5/6/11   1:51:33 PM



606   SECTION II ■ PEDIATRIC SUBSPECIALTIES

INFECTIONS OF THE SKIN

BACTERIAL INFECTIONS
Infants and children are chronically exposed to minor 
cuts and injuries. Usually, these injuries heal without 
consequence and do not become infected. When infants 
do develop cutaneous infections, they are usually due to 
Staphylococcus aureus or Streptococcus pyogenes. Superfi cial 
infections are called impetigo, and deeper infections of 
the skin are known as ecthyma. Th ese lesions may mani-
fest as small fl uid-fi lled pustules or vesicles that rupture 
easily or, more likely, as erosions, which develop a honey-
colored thick crust. Th e erosions occur on multiple sites 
of the skin distant to each other (Figure 22-11). Aff ected 
children sometimes have a prior history of injury or insect 
bite. Treatment is usually necessary with topical mupirocin 
or an oral antistaphylococcal antibiotic such as dicloxacil-
lin, a fi rst-generation cephalosporin, or erythromycin.

FUNGAL INFECTIONS
Fungal infections of the body (tinea corporis) may appear 
as localized, round or annular erythematous plaques with 
scale (Figure 22-12). Often, there is increased scale in 
the periphery of the lesion. Fungal infections of the scalp 
(tinea capitis) may develop as localized areas of dermati-
tis, usually with hair loss and cervical lymphadenopathy. 
Confi rmation of the diff erential diagnosis of fungal in-
fection of the skin necessitates scraping the periphery of 
the lesion and identifying hyphae in tissue partially dis-
solved in 10% to 20% potassium hydroxide (KOH). Scalp 
infections usually require a culture to confi rm the diagno-
sis. Th e best culture technique involves a Cytobrush® or 
moistened culture swab rubbed against the involved site 
multiple times before transfer to the culture media.

Topical therapy with antifungal creams such as 
miconazole, clotrimazole, or terbinafi ne is usually ef-
fective for localized tinea corporis in children. Infec-
tions involving the scalp require oral griseofulvin 10 to 
20 mg/kg/day for a minimum of 6 weeks. To maximize 
absorption of griseofulvin, children should take it with a 
“fatty” meal that includes 4 to 8 ounces of fresh whole 

 TABLE 22-5

Guidelines for Basic Sun Protection
Keep infants �6 months of age out of direct sunlight (sunscreen may be used on limited body surface 
areas that are not covered by clothing)

Use sunscreen with a physical blocker (titanium dioxide or zinc oxide) with a minimum SPF of 15 for 
infants and children �6 months of age with frequent reapplication every 2 to 4 hours

Wear protective clothing

Avoid sun exposure between the peak hours of 10 a.m. and 4 p.m.

FIGURE 22-11. Th e bullous impetigo in the diaper 
area in this infant results from infection by Staphy-
lococcus aureus. Th e stratum corneum has eroded cen-
trally but remains on the edge, giving an appearance of 
a white collar around the lesion.

FIGURE 22-12. Patients with tinea corporis typically 
present with erythematous annular plaques with scale 
on the body.
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milk or ice cream. Family members should be discouraged from sharing common fomites (objects that can 
spread infection), such as combs, brushes, and caps while the child is undergoing treatment. It is also important 
to identify other siblings infected in the household in order to treat and potentially minimize the risk of rein-
fection. Children with scalp infections should be followed closely at 4- to 6-week intervals and treated until 
clinically cured and cultures are negative.

SCABIES
In infants and children, the infestation known as scabies often presents with increased irritability secondary to 
the severity of the pruritus. Unlike adults, the face and scalp are commonly involved in infants. Older children 
and adults also complain of pruritus, although excoriations are frequently seen on other sites of the body. Often, 
several family members have pruritus and excoriations at the same time. Th e infestation is caused by the eight-
legged mite Sarcoptes scabiei. Th e mite lives in the epidermis, where it lays its eggs.

Diagnosis
Confi rmation of the diagnosis involves scraping the skin and fi nding the mite, which may be diffi  cult, 
because infected patients may have only 10 to 20 mites present throughout the entire body. Often, only 
eggs or scybala (stool) are found on scraping. It is important to check patients who have multiple fam-
ily members with pruritus or individual patients who, on examination, have linear burrows for scabies 
 (Figure 22-13). Scraping involves lightly covering the site of the burrow as well as surrounding small pap-
ules with mineral oil and then using a number 15 blade scalpel for the actual scraping. Since the mite lives 
in the uppermost layer of the skin, it is not necessary to scrape deeply below the epidermis. However, slight 
bleeding may result from eff ective skin scraping and clinicians should warn parents about this. Caution 
should be taken in the uncooperative child. Th e scraped material is then placed on a slide and examined 

FIGURE 22-13. A scabies burrow is seen as a 2 to 10 mm linear tunnel created under the skin as the mite travels. 
Note the adjacent erythematous papule on the center wrist.
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under magnifi cation of 40 to 100�. Identifi cation of the live mite, who may be moving about on the slide, 
or individual eggs, or feces is diagnostic.

Management
Often, it is diffi  cult to identify the mite, stool, or egg on skin scraping, and therapy is indicated when the 
diagnosis is suspected and multiple family members appear to be infested. Current recommended therapy is 
permethrin cream 5%. Application of the cream to the entire body from the neck down is necessary. Clinicians 
should counsel families that the genital folds, area between the toes and fi ngers, and the umbilical area are well 
treated. Infants with involvement of their scalp and face require treatment of these areas as well. It is essential 
to avoid the eyes and prevent the topical therapy from entering the eyes and causing irritation. Often, therapy is 
applied at bedtime and washed off  8 hours later in the morning.

Pruritus may continue for several weeks despite successful treatment because the killed mite and mite parts 
may still remain in the skin. Th e physician should reevaluate patients in 2 to 3 weeks to be certain that the therapy 
has eff ectively removed the infestation and that new lesions do not appear. Because the mite can live as long as 
3 days off  the host, it is important to disinfect and wash all bedding and recently worn clothing in hot water and 
not use them for at least 3 days. All family members and close household contacts should receive treatment at the 
same time because family members may be infested and contagious, although they may not have symptoms. Th ey 
can then reinfect the entire family, even after eff ective therapy of the symptomatic members.

HEAD LICE
Th e cause of head lice is the six-legged insect Pediculosis capitis, which lives in the hairs of the scalp and usually 
passes from child to child. Often, the nits (lice eggs) are seen attached to the hair shaft. Under microscopic exami-
nation, the characteristic appearance of the nit can be confi rmed. Occasionally, live lice are seen moving about the 
scalp. Usually, this is associated with pruritus, but most children are totally asymptomatic. All infested members of 
the family should be treated at the same time. Of the various therapies available, the fi rst-line treatment for head 
lice is permethrin rinse 1% with nit removal by combing. Recently, there have been many reports of head lice that 
are resistant to common pediculicides. In resistant cases, malathion lotion 0.5% may be the treatment of choice.

VIRAL INFECTIONS (SEE CHAPTER 9)
Viral exanthems are commonly seen in children, who may present with fever and lymphadenopathy and then 
develop multiple erythematous macules and papules (morbilliform eruption) that involve the trunk, face, and 
extremities. However, often the eruptions are not diagnostic of a specifi c viral etiology, although in some cases, 
important clues obtained from the history and physical examination may be helpful in identifying a specifi c viral 
pathogen. When evaluating children for what appears to be a viral eruption, it is always necessary to obtain an 
adequate immunization history. Measles may be identifi ed by its association with high fever, cough, rhinitis, and 
conjunctivitis. Rubella (German measles) is often less erythematous with faint, pink macules that appear fi rst 
on the face and then spread to the proximal extremities. However, many other viruses may produce a similar 
eruption.

Varicella (chickenpox) has a more characteristic morphology. Th e lesions appear as tiny urticarial, edematous 
papules that rapidly become vesicles that often appear very translucent, as if they are dewdrops of water on the 
skin. Th e individual lesions rupture and become crusted while new lesions continue to evolve over a 5- to 7-day 
period. Lesions can also aff ect the mucous membranes. Th e condition is often pruritic and should be treated symp-
tomatically. Th e advent of the varicella vaccine has resulted in a decreased incidence of the disease over time.

Pediatric Pearl: The lesions of chickenpox are generally in various 
stages.
Pe
sta

Herpes simplex may appear as grouped vesicles on an erythematous base, usually on the lip or face in 
children. Th e initial infection may be seen as multiple punched-out-appearing mouth ulcerations.  Occasionally, 
herpes simplex lesions may occur on the hand or other body sites, where they may be extremely painful. It is 
possible to mistake them for a severe deep cellulitis. Children with atopic dermatitis are at risk for  Kaposi 
 varicelliform eruption (eczema herpeticum). Presence of grouped vesicles on an erythematous base should 
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prompt the  examiner to be suspicious of herpes simplex or 
possibly of an allergic contact dermatitis. Lesions are infec-
tious until all are scabbed over. Treatment with oral acyclovir 
is often given for active suppression of recurrent disease.

Warts are common infections caused by the human 
papilloma virus (HPV) (Figure 22-14). Diff erent types of 
HPV are associated with diff erent infections on diff erent 
body sites. Th erapy for the individual warts is dependent on 
body site location. Most warts eventually resolve over a 2- to 
3-year period. Treatment usually involves trying to destroy 
infected tissue while limiting the damage to surrounding 
normal-appearing tissue. Th erapy may be diffi  cult and may 
require multiple attempts. Treatment methods include cry-
otherapy with liquid nitrogen, topical salicylic acid prepara-
tions, or immunotherapy.

Molluscum contagiosum presents as skin-colored, 
dome-shaped papules that may have a central depressed 
area, giving the appearance of umbilication (Figure 22-15). 
Th is benign condition is caused by a poxvirus. Th e individual 
lesions range in size from 0.5 to 8 mm. Th ese lesions can be 
sexually transmitted in adolescents and adults but are usu-
ally nonsexually transmitted in infants and children. Occa-
sionally, the skin surrounding the lesions may show marked 
erythema and scaling (molluscum dermatitis). Treatment of 
the lesions consists of chemical or physical destruction of 
the overlying skin or removal of the lesion’s core. Th e latter 
involves using a sharp curette, and in young children, such a 
procedure may be painful and cause great fear and resistance. 
Th erefore, cantharadin is a common offi  ce-based treatment. 
Cure is often achieved, however some lesions may require 
retreatment. Without treatment, these lesions do eventually 
resolve spontaneously but may take months to years.

DRUG ERUPTIONS
Drug eruptions often appear as urticarial papules a morbilliform eruption, or areas of erythematous macules, 
or large patches. Th e lesions may be pruritic. Th e onset of drug eruptions is usually between 3 and 14 days after 
the initial exposure to the drug. Antibiotics and antiseizure medications are common causes of drug eruptions 
in infants and children.

Occasionally, drug eruptions can be severe and associated with exfoliation (shedding) of large areas of skin 
(Stevens-Johnson syndrome). Th is exfoliation can also involve the mucous membranes, conjunctiva, and possibly the 
trachea. It is often diffi  cult to separate a drug eruption from the eruption associated with a viral or bacterial infection.

SUGGESTED READINGS

FIGURE 22-14. Th e common wart at the end of 
this child’s fi nger has a rough surface on a base of 
slightly infl amed skin. Note the grouping of several 
papules together.

FIGURE 22-15. Patients with molluscum contagio-
sum often present with groups of papules of diff erent 
sizes. In this child, three umbilicated papules of similar 
sizes are grouped together close to a much smaller, 
isolated papule.
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TRAUMA AND SHOCK
Trauma is the leading cause of death in children older than 1 year of age in the United States. Every year, almost 
9 million children are injured, resulting in about 15,000 deaths. Almost 45% of these injuries are the result of 
motor vehicle accidents; other major causes are falls, fi rearms, bicycle accidents, drowning, and burns. Blunt 
trauma, as opposed to penetrating trauma, is the predominant mechanism for the majority of injuries in chil-
dren. Th is section deals with the management of major trauma. It is important to realize that the best approach 
to trauma involves prevention. Prevention of unintentional injuries should be the primary goal of clinicians. To 
this end, pediatricians have made major strides by supporting regulations involving mandatory car passenger 
restraints and infant car seats, bicycle helmets, and fencing around pools.

Pathophysiology
Th e principles of trauma care are the same in all patients, but there are important anatomic and physiologic diff erences 
between children and adults. Children have a much greater total body surface area per weight and relatively less subcu-
taneous fat than adults, and stress to the body at the time of the trauma or undressing during the resuscitation can lead 
to increased evaporative losses and hypothermia. Th e resultant pathophysiologic cascade then increases peripheral 
vasoconstriction and causes metabolic acidosis and shock. Remember that children have a high metabolic rate with 
oxygen consumption almost twice that of adults. Th us, even small physiologic changes can lead to signifi cant eff ects.

In injured children, shock is primarily hypovolemic. (See Diff erential Diagnosis for a discussion of the types 
of shock.) Both blunt and penetrating trauma may cause lacerations of internal organs or extremities, which may 
account for a signifi cant amount of acute blood loss. Injuries to the liver, spleen, pelvis, or femur can result in loss of 
20% to 40% of the circulating blood volume within an hour. Th erefore, it is imperative that the physician understands 
how children respond to such a blood loss. Th e early physiologic changes in response to hypovolemia are subtle. At 
fi rst, blood loss leads to tachycardia as the body attempts to maintain cardiac output and thereby preserve organ per-
fusion. As the blood loss increases, children exhibit evidence of increased tachycardia, slowed capillary refi ll, lethargy 
or confusion, and decreased urinary output. Clinical sign of shock, including tachycardia associated with a normal 
blood pressure, is termed compensated shock. Decompensated shock is associated with a decrease in blood pressure.

Pediatric Pearl: The ability of the child to maintain cardiac output is quite impressive. Only 
when acute blood loss approaches 30% to 40% does blood pressure fall. Therefore, the 
physician should not rely solely on a child’s blood pressure when evaluating the degree of 
blood loss.
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Unique anatomic characteristics of children’s shape and skeleton aff ect the type and severity of injuries. Chil-
dren have a small oral cavity, a relatively large tongue, and a larynx that is more cephalad and anterior than that of 
adults. Th ese factors, combined with lower respiratory reserve, often cause early respiratory compromise leading to 
hypoxia and hypercarbia. Children’s heads are also relatively large, especially in infancy, when it accounts for over 
15% of the total body surface area. Th erefore, the head is particularly vulnerable and bears the brunt of injury in blunt 
trauma. In fact, severe head injury occurs in 80% to 90% of fatal pediatric trauma from motor vehicle crashes.
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612   SECTION II ■ PEDIATRIC SUBSPECIALTIES

In addition, children’s skeletons are particularly compliant and very resilient. Because the chest wall is elastic, 
blunt chest trauma may cause serious lung injury in the absence of rib fractures. Th e liver and spleen are also poorly 
protected, and there is sparse perinephric fat surrounding the kidneys. Th erefore, internal abdominal injury may be 
present without abdominal bruising or apparent external injury. Furthermore, the child’s cervical spine is quite mo-
bile due to ligamentous laxity allowing for spinal cord injury to occur often without radiographic abnormality.

Pediatric Pearl: Children are predisposed to signifi cant internal injury, regardless of the 
amount of external signs of trauma.
Pe
am

Clinical and Laboratory Evaluation
History

Th e history should be concise and should focus on the mechanism of the injury and the surrounding events. Th e 
paramedics or emergency medical technicians called to the scene report a child’s initial vital signs, state of con-
sciousness, any procedures they perform (e.g., intravenous line placement), and medications given. Th e timing of 
the injury, the timing of ancillary personnel arriving on the scene, and the timing of arrival of the patient to the 
emergency department are also important to estimate the amount of blood loss and the extent of injury. Past medi-
cal history should include current medical illnesses, current medications, allergies, and immunization status.

Physical Examination

Th e physical examination is closely tied to management. Trauma evaluation and management involve a “ primary 
survey,” the so-called ABCs of acute care stabilization and assessment (Table 23-1), for immediate life-
 threatening conditions, followed by a “secondary survey” for other types of injuries.

Th e primary survey begins with stabilization of the cervical spine in a hard collar and assessment of the 
airway (A) for signs of upper airway obstruction (e.g., stridor, gasping, ineff ective or absent respirations). Inspec-
tion of the neck for jugular venous distension (pericardial tamponade), tracheal deviation (tension pneumotho-
rax), or subcutaneous emphysema (pneumothorax, pneumomediastinum) is part of airway management. Th e 
next step is auscultation of breath sounds (B) to check whether they are present, and if so, for evaluation of their 
quality and symmetry. Assessment of circulation (C) involves palpating the presence and quality of peripheral 
and femoral pulses and estimating peripheral perfusion with capillary refi ll time (normal: less than 2 seconds). 
A quick neurologic examination to check for disability (D) is based on whether the child is awake, responds to 
verbal or painful stimulus, or is unresponsive. Exposure (E) involves complete undress of the child to check for 
other injuries. Th e primary survey should take less than 1 minute to perform.

Th e secondary survey includes a comprehensive physical examination from head to toe to identify all other 
injuries. It is important that this examination be orderly and include a rectal examination to determine the anal 
sphincter tone and the presence of occult blood. To assess the child’s back and buttocks, it is necessary to “roll” 
the child to the side. Th is procedure usually requires two or three people to keep the child’s neck in a neutral po-
sition; one person maintains the head and neck in line with the body while the others roll and inspect for injury. 
Often, children are transported to the emergency department on a long spinal board in order to ease transport 
and to immobilize the spinal column. However, once in the hospital setting, prolonged use of the spinal board 
can cause pressure sores, discomfort, respiratory compromise, and diffi  culty in properly assessing the child.

Pediatric Pearl: A child who arrives in the emergency department immobilized on a 
long spinal board should be removed from the spinal board after the primary survey and 
resuscitation phases.

Pe
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Laboratory Evaluation

What laboratory studies are performed depends on several factors, including the mechanism of the trauma, the 
ability to assess the child, and the nature of the injuries. Radiographic studies (cervical spine, chest, and pelvic 
radiographs) and blood tests (complete blood count [CBC], spun hematocrit, type and crossmatch, arterial 
blood gas) are warranted in children with multiple injuries. A urinalysis looking for hematuria may identify a 
urinary tract injury. Additional studies such as computed tomography (CT) scanning of the head or abdomen 
may be obtained after the resuscitation and reevaluation.
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Th e use of focused abdominal sonography for trauma (FAST) is becoming more accepted as a screening 
tool in the evaluation of blunt abdominal trauma. In children, the physical examination of the abdomen may 
be diffi  cult and unreliable. In addition, the clinical signs of intra-abdominal injury are often subtle. Th e FAST 
examination is a rapid, noninvasive diagnostic study, performed in the emergency department, to detect free 
intraperitoneal fl uid or the presence of cardiac tamponade. In the hemodynamically unstable child, a positive 
FAST examination is an indication for emergency exploratory laparotomy. In the hemodynamically stable child, 
a positive FAST examination should be followed by an abdominal CT scan to further delineate the presence and 
extent of parenchymal injury, whereas children with a negative FAST examination may be followed with clinical 
observation and serial abdominal examinations.

Pediatric Pearl: The use of the FAST examination is an effective and rapid screening tool 
for the evaluation of children with blunt abdominal trauma. This practice has reduced the 
need for abdominal CT scans (and the associated large radiation exposure) for many hemo-
dynamically stable children.

Pe
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Differential Diagnosis
Children with major trauma are often in shock. Th erefore, the physician must be able to recognize shock and 
identify its cause.

Hypovolemic Shock

Th e majority of children with major trauma present with some degree of hypovolemia. Deep or multiple lacera-
tions, amputations, and obvious fractures are clear causes of the blood loss. However, it is essential to be acutely 
aware of occult injuries, especially in children who do not respond to initial fl uid therapy. A large amount of unrec-
ognized bleeding may accompany fractures of the pelvis or femur. Despite a seemingly soft, nontender abdomen, 

 TABLE 23-1

Immediate Management of the Injured Child (ABCs)
Airway and cervical spine (“C” spine)

Protect neck with rigid cervical collar

Assess for airway obstruction

 Chin lift/jaw thrust maneuver, if needed

 Prepare for endotracheal intubation, if needed

Breathing

Administer 100% oxygen

Place on continuous pulse oximetry monitoring

Assess for quality and asymmetry of breath sounds

Assess for work of breathing

Circulation

Attach cardiac monitor leads

Obtain intravenous access with two large-bore catheters

Assess for signs of peripheral perfusion (pulses, capillary refi ll)

Control hemorrhage

Disability

Brief neurologic examination

Level of consciousness (AVPU: Alert, responds to Verbal commands, responds to Pain, Unresponsive)

Pupillary size and response to light

Exposure

Completely undress child
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severe intra-abdominal injuries such as lacerations or rupture of the liver or spleen may be present. In addition, 
young infants with head trauma can become hypotensive from blood loss into an epidural or subdural hematoma.

Estimates of the degree of hypovolemia due to the acute loss of blood often make use of several clinical 
parameters. With acute blood loss of up to 15% of the total blood volume, there is little if any change in the 
pulse, blood pressure, respiratory rate, mental status, or urinary output. However, as the blood loss exceeds 15%, 
the heart rate and respiratory rate begin to rise, and children become more anxious. Th e decline in blood pressure 
and noticeable decline in urine output does not become apparent until about 30% to 40% of the blood volume 
is lost. Th is is a crucial point for management; blood pressure changes are a late fi nding in hypovolemic shock, 
whereas tachycardia and tachypnea occur earlier.

Obstructive Shock

Obstructive shock occurs when there is restriction of blood fl ow either to or from the heart. Children with 
severe injuries to the chest wall or penetrating chest wounds may have pericardial tamponade, which may lead 
to obstructive shock. Failing vital signs are associated with tachypnea, clear and equal breath sounds, neck vein 
distension, and distant heart sounds. Other causes of obstructive shock include tension pneumothorax, fl ail 
chest, and hemothorax or pneumothorax.

Cardiogenic Shock

Cardiogenic shock resulting from a myocardial contusion or arrhythmia may follow a direct, powerful blow to the 
sternum. Commotio cordis occurs after a sudden, direct blow to the precordium (e.g., when a Little League player 
is hit in the chest with a baseball) and results in ventricular tachycardia or fi brillation leading to sudden death. Th e 
impact occurs during a specifi c vulnerable period of the cardiac cycle (10 to 30 ms before the peak of the T wave). 
Rapid deceleration injury can be seen with motor vehicle accidents. Fortunately, the hearts of children have a great 
degree of compliance and resiliency, so that myocardial infarctions and tearing of major vessels are rare.

Neurogenic Shock

A spinal cord injury may result in the loss of tone of the blood vessels with accumulation of fl uid in the periph-
eral circulation. Th us, the classic picture of neurogenic shock is hypovolemia without tachycardia. Th e absence 
of tachycardia diff erentiates neurogenic shock from the more common hypovolemic shock. Concurrent chest or 
abdominal trauma is often present in neurogenic shock.

Septic Shock

Septic shock is uncommon in acutely injured children. However, children who are evaluated a long time after 
their injury or those who have penetrating abdominal injury are at risk for the development of sepsis. In isolated 
septic shock, tachycardia, and normal or slightly decreased blood pressure occurs. Peripheral perfusion may be 
increased, leading to warm pink skin (warm shock), or decreased, leading to cool, clammy skin.

Management
In most cases, emergency medical workers notify the emergency department that they are transporting an injured 
child from the scene of the trauma to the hospital. At this time, the trauma team (pediatrician, emergency depart-
ment physicians, surgeons, nurses, and radiology technician) is assembled. Th e leader of the trauma resuscitation 
team is usually the trauma surgeon or the emergency department physician. It should be noted that optimal man-
agement of pediatric trauma involves a pediatrician, preferably a pediatric emergency medicine physician. Th e 
pediatrician should ensure that the unique characteristics of a child’s anatomy and physiology are addressed.

Th e initial management of children with multiple trauma begins in conjunction with the primary survey 
(see Table 23-1). Management proceeds in the standard sequence of the ABCs (Airway and cervical spine 
immobilization, Breathing, Circulation, Disability [neurologic], and Exposure). Immediate correction of any 
abnormality noted during the primary survey is necessary.

It is necessary to immobilize the cervical spine in a rigid collar, if prehospital care providers have not al-
ready performed this. A clinician should talk to the child and see whether he can talk, hear, and understand. Th is 
clinician–patient interaction helps assess airway patency and central nervous system (CNS) function. If there is 
diffi  culty maintaining a patent airway, a chin-lift and jaw-thrust maneuver are necessary; these measures should 
help move the mandibular block of tissue forward and away from obstructing the airway. If these simple maneu-
vers are not eff ective, manual bag–valve–mask ventilation or endotracheal intubation may be warranted.

If there are signs of inadequate breathing, it is essential to look for evidence of a tension pneumo-
thorax (asymmetric breath sounds, hyperresonant percussion note, and tracheal deviation). To relieve a 
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tension pneumothorax, a physician should insert a 16-gauge needle above the third rib into the second 
intercostal space in the midclavicular line.

To secure vascular access, two large-bore peripheral intravenous lines should be placed (usually in the an-
tecubital fossa) or centrally (femoral vein). Th ese large intravenous lines are essential because the hypovolemia 
is often profound. If immediate intravenous access is not secured in a young child, an intraosseous line can be 
used. Placement of an intraosseous line involves insertion of a 14- or 16-gauge intraosseous needle (e.g., bone 
marrow needle or any other large-bore needle with a stylet) into the fl at surface of the anterior, proximal tibia, 
angling slightly away from the growth plate. Rapid fl uid resuscitation requires administration of Ringer lactate 
or normal saline in repeated increments of 20 mL/kg until adequate perfusion is restored. If blood loss contin-
ues or there is no response to the fl uid boluses, rapid infusion of type-specifi c packed red blood cells (RBCs) is 
necessary. Control of any obvious source of bleeding entails the use of direct pressure or pneumatic splints.

A rapid neurologic assessment should include pupillary size and response to light, as well as a score on the 
Glasgow coma scale (Table 23-2). A score of 8 or less may be a sign of intracranial hypertension. In that case, it 
is important to elevate the head to 30 degrees and implement mild hyperventilation in an attempt to reduce the 
intracranial pressure until evaluation by the neurosurgeon.

It is necessary to undress the child and perform a complete, detailed physical examination, including the 
buttocks and back. At this time, a Foley catheter is placed unless there is evidence of urethral disruption (blood 
at the urethral meatus or a scrotal hematoma). Certain management options are warranted in life-threatening 
conditions (Table 23-3). Further treatment is based on the specifi c injuries identifi ed in the secondary survey.

During this fi rst stage of trauma management, the physician should immediately consult appropriate spe-
cialists based on the child’s most serious injuries. Specialists involved in the care of the injured child often include 
neurosurgeons, orthopedic surgeons, anesthesiologists, and radiologists. Because specialists usually focus on their 
area of expertise, the pediatrician must coordinate these services. In addition, the pediatrician should provide 
counseling to the parents, addressing their concerns and keeping them informed of further plans for the child.

 TABLE 23-2

Glasgow Coma Scalea

Physical Feature Score

Eyes

Open spontaneously 4

Open to speech 3

Open to pain 2

No response 1

Best verbal response

Oriented (coos and babbles) 5

Confused (irritable cries) 4

Inappropriate words (cries to pain) 3

Incomprehensible sounds (moans to pain) 2

No response 1

Best motor response

Obeys (normal spontaneous movements) 6

Localizes (withdraws to touch) 5

Withdraws (withdraws to pain) 4

Abnormal fl exion 3

Abnormal extension 2

No response 1

TOTAL SCOREb 3–15

a Parentheses indicate fi ndings in preverbal children.
b Total score is sum of the three parts.
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HEAD TRAUMA
Head trauma, a major cause of morbidity and mortality in children, accounts for 70% to 80% of childhood deaths 
from trauma. Head trauma is very common, but fortunately, most cases are minor and do not require hospitaliza-
tion. As with other types of trauma, prevention remains the best method to reduce the eff ects of these injuries. 
To this end, the enactment of legislative policies (national speed limit, mandatory child restraints, bicycle helmets, 
window guards) in recent decades has led to a decrease in the incidence of accidents that may cause head trauma.

Pathophysiology
At the exact moment of head trauma, there is direct impact of the brain against the skull, causing neuronal 
damage. Depending on the mechanism involved, this “primary injury” may cause cerebral contusion, laceration, 
hematoma, diff use axonal injury, or diff use brain swelling. Th e transient brain dysfunction that accompanies 
such injury may be associated with disruption of normal respiration and circulation. Nothing can change the 
immediate eff ects of the primary injury because the damage occurs on impact.

Management of head trauma is centered on prevention of the “secondary injury” caused by the hypoxia, 
ischemia, and mechanical distortion that the primary injury sets in motion. Neuronal damage aff ects the 
autoregulation of cerebral blood fl ow and can lead to ischemic brain injury. At fi rst, diff use brain swelling 

 TABLE 23-3

Management Options for Life-Threatening Conditions
Finding Problem Management

Noisy breathing Upper airway obstruction Chin lift/jaw thrust

Stridor Intubation

Neck pain or tenderness Possible cervical spine 
fracture

Immobilize neck (hard collar)

Head trauma Lateral cervical spine 
radiograph

Multiple trauma

Asymmetric breath sounds and 
 hyperresonant percussion note

Possible tension 
pneumothorax

Insert 16-gauge needle into 
second intercostal space in 
midclavicular line

Penetrating chest wound Possible sucking chest 
wound

Loosely apply occlusive 
 dressing
Insert chest tube

Penetrating chest wound with muffl  ed 
heart sounds or distended neck veins

Possible cardiac tamponade Pericardiocentesis

Paradoxical chest wall movement Flail chest Positive pressure ventilation for 
respiratory distress

Orthostasis; pale, cool skin Hypotension or shock Establish two large-bore 
IV lines
Give crystalloid boluses 
20 mL/kg

Transfusion

Emergent: type O, Rh-negative

Urgent: type-specifi c

IV , intravenous.

Adapted from Avner JR, Hain L: Pediatric trauma. In Clinical Manual of Emergency Pediatrics. Edited by Crain EF, 

Gershel JC, Gallagher EJ. New York, McGraw-Hill, 1992.
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causes displacement of cerebral buff ering mechanisms (spinal fl uid and vascular spaces) in an attempt to 
preserve the intracranial pressure. However, as the swelling increases, the intracranial pressure necessarily 
rises and causes further ischemia and hypoxia. If uncorrected, secondary brain injury leads to irreversible 
brain damage or death.

Clinical and Laboratory Evaluation
History

It is always important to ascertain the time and mechanism of injury as well as the initial manifestations at the 
scene of the event. Th e clinician should ask about the occurrence of loss of consciousness, seizures, vomiting, 
headache, and dizziness.

Physical Examination

To look for other injuries, the physician should perform a detailed neurologic examination as well as a complete 
physical examination. Signs of increased intracranial pressure include hypertension, abnormal respirations, irritabil-
ity, visual changes, papilledema, cranial nerve palsies, and posturing. It is important to palpate the head and neck 
for hematoma, depression, and tenderness. Hemotympanum and clear rhinorrhea are signs of basilar skull fracture. 
Check the pupils for asymmetry, size, and reaction to light and record an initial score on the Glasgow coma scale (see 
Table 23-2). Unexplained skin bruising or retinal hemorrhages on funduscopic examination suggests child abuse.

Laboratory Evaluation

Th e need for blood tests is based on the severity of injury. If the injury appears minor and the child is awake and 
responsive with normal vital signs, no blood tests are necessary.

Skull fi lms are rarely helpful because they are not predictive of intracranial injury, and most skull fractures 
do not require treatment. Indications for skull radiographs include a penetrating injury or suspicion of a de-
pressed skull fracture.

CT scanning is the best method to look for the presence of intracranial injury. A CT scan is indicated for 
prolonged loss of consciousness (over 15 minutes), seizures, abnormal neurologic examination, abnormal mental 
status, or signifi cant associated injury requiring an operation.

Differential Diagnosis
Usually, it is apparent from the history or the physical examination that a child has suff ered head trauma. How-
ever, the physician should always consider head trauma in the diff erential diagnosis if there is a change in mental 
status or an altered level of consciousness. Children with signifi cant head trauma from child abuse may present 
with only a history of apnea, cyanosis, poor feeding, or lethargy.

• A concussion, the most frequent type of head injury, is an immediate, transient interruption of normal 
neurologic function. Aff ected children often experience a period of confusion or loss of consciousness and 
may have posttraumatic amnesia. Other clinical symptoms that suggest a concussion may have occurred 
include headache, dizziness, ringing in the ears, “seeing stars,” slurred speech, and poor coordination.

• A cerebral contusion is an area of focal hemorrhage in the brain. Th is injury may occur at the point of 
impact between the brain and the skull or at the site directly opposite the impact (coup and contrecoup 
injury). Th ere is often an associated concussion.

• An epidural hematoma is a collection of blood just outside the dura. Th ere is arterial bleeding, usually 
from a tear of the middle meningeal artery. Th e classic presentation is concussion, followed by a “lucid 
interval” when the child appears well, and then neurologic deterioration. However, no lucid interval or 
period of loss of consciousness is apparent in many cases.

• A subdural hematoma is a collection of blood just beneath the dura. Th is occurs as the result of tearing 
of the dural sinuses or bridging veins. Th e presenting symptoms may range from nonspecifi c neurologic 
fi ndings to coma.

Pediatric Pearl: Unlike epidural hematoma, the mechanism that causes a subdural hema-
toma usually also results in underlying brain injury. This explains why subdural hematomas 
carry a worse prognosis than epidural hematomas.
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Management
As with any trauma, management begins with stabilization of the cervical spine, airway, breathing, and 
circulation. If abnormal respirations, loss of protective airway refl exes, or signs of increased intracranial pres-
sure (Glasgow coma score of 8 or less) are present, then endotracheal intubation followed by manual hyper-
ventilation is warranted. Because endotracheal intubation is diffi  cult and necessitates adequate sedation and 
muscle relaxation, only experienced personnel should perform it. If hypovolemia is present, Ringer lactate or 
normal saline solution should be given in boluses of 20 mL/kg. Because cerebral perfusion pressure depends 
on the mean arterial pressure, restoration of the intravascular space is essential. Once euvolemia has been 
achieved, then fl uid restriction to limit cerebral edema can begin. Immediate neurosurgical consultation is 
necessary. Th e head should be elevated to 30 degrees and placed midline so there is no obstruction to venous 
outfl ow from the head. Increased intracranial pressure, if present, necessitates aggressive management (see 
Chapters 19 and 24).

In general, it is helpful to classify children into three categories based on their initial manifestations, 
Glasgow coma score, and the mechanism of injury. Children with low-risk injuries are asymptomatic with 
a normal neurologic examination. Management at home with observation by a parent is suffi  cient. Children 
with moderate-risk injuries have a history of altered consciousness, progressive headache, persistent vomiting, 
seizures, amnesia, or an associated injury. A neurosurgical consultation and a CT scan are warranted. Th e dura-
tion of observation in the emergency department and the need for hospitalization depend on the resolution or 
progression of symptoms. Children with high-risk injuries present with a depressed level of consciousness, focal 
neurologic examination, signs of increased intracranial pressure, or penetrating injury. Emergent management 
and neurosurgical consultation are necessary. Children with epidural hematomas and penetrating injuries usu-
ally require immediate operative intervention. Young patients with other severe injuries may require placement 
of intracranial pressure monitors.

Abuse should be suspected in infants with subdural hematomas or cerebral injury out of propor-
tion to the degree of trauma sustained (see Chapter 24). In “shaken baby syndrome,” rapid acceleration–
deceleration injuries cause diff use shearing of the gray and white matter, leading to diff use cerebral edema. 
Retinal hemorrhages are often seen in the fundus of these children. Unfortunately, prognosis for this type 
of injury is very poor.

MINOR TRAUMA
Th is section concentrates on the management of lacerations, abrasions, and puncture wounds, which represent 
approximately 35% of all injuries seen in a pediatric emergency department. Th ese injuries are common in the 
summer months when children spend more time engaging in outdoor activities such as bicycling, baseball, and 
basketball. As with other types of injuries, toddlers are at high risk because they often lack the experience and 
motor coordination of older children. Most lacerations occur on the face, mouth, and scalp; children’s heads 
represent a large part of the total body surface area and is, therefore, easily subject to injury.

Pathophysiology
Two types of lacerations—those caused by glass and those caused by animal bites—deserve special consider-
ation, because they are more common in children than adults. Injuries involving glass are responsible for as many 
as 20% of lacerations. Because these lacerations are caused by very sharp edges, the wounds tend to be deep and 
are often associated with injuries to nerves and tendons. In addition, many of these wounds contain fragments 
of glass, which, if undetected, may cause delayed healing, increased scarring, neurapraxia, and increased risk 
of infection.

Mammalian bites are another common source of injury in children. According to estimates, dog bites 
account for almost 90% of bite injuries, cat bites 5%, and human bites 3%. Th ere are distinct diff erences in 
the type of injuries caused by dogs and cats. Dog bites can be very powerful, generating 150 to 450 pounds 
per square inch of pressure. Th ey cause lacerations, avulsions, and crush injury to soft tissue. Although cat 
bites are less forceful, they usually result in deep puncture wounds because cats have very sharp teeth. Deep 
puncture wounds are associated with a high inoculum of bacteria into a small space, making irrigation and 
debridement diffi  cult. Th erefore, the infection rate is 20% to 50% for cat bites compared with 5% for dog 
bites. Th e organisms responsible for infection also vary with the type of bite. Although Staphylococcus aureus 

and streptococcal bacteria are common in all bites, dog and cat bites often carry Pasteurella multocida, and 
human bites carry Eikenella corrodens.
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Clinical and Laboratory Evaluation
History

Th e history should include when and where the injury occurred and the mechanism involved. (In wounds that are 
less than 12 hours old, primary closure is appropriate and does not increase the risk of infection.) Th e clinician should 
ask whether fragments of glass were present (e.g., with falls onto a shattered glass bottle). For bite wounds, it is im-
portant to identify the animal involved so that the risk of rabies can be better ascertained. Past medical history should 
include the child’s immunization status and whether the child has allergies to antibiotics or local anesthetics.

With a “closed fi st injury,” it is often diffi  cult to obtain the correct history. Th is injury usually occurs when 
an adolescent punches someone in the mouth and sustains a small laceration over the metacarpophalangeal 
joint. Th e adolescent may not want to reveal that there was a fi ght and often does not seek immediate attention. 
Th is injury can force a high inoculum of virulent oral bacterium deep into the fascial planes of the hand and is 
associated with a high risk of infection. Th e patient then presents 2 or 3 days after the injury with a serious hand 
infection. Th us, the presence of a laceration over the metacarpophalangeal joint in an adolescent should lead to 
the assumption of a closed fi st injury.

Physical Examination

It is important to document the wound size, depth, and location by using pictures or diagrams if necessary; record 
whether the bottom of the wound is visible and whether glass or other foreign material is present in the wound. 
Th e physician should check the sensation, vascular supply, and motor function distal to the injury, as well as care-
fully inspect the wound and identify any nerve, muscle, tendon, or vascular injury. It is also necessary to perform a 
complete physical examination to look for other lacerations or trauma away from the site of the injury.

Laboratory Evaluation

Unless there is an unusual amount of blood loss or a history of a bleeding disorder, no blood tests are necessary. 
A radiograph of the involved area is warranted if there might be an associated fracture or if the wound was 
caused by glass. Most glass in use today is radiopaque, so a radiograph may show a retained glass fragment not 
seen on visual inspection of the wound.

Differential Diagnosis
Usually, the diagnosis of a laceration is evident, and the mechanism and causative agent are readily obtained. 
However, if the injury is not compatible with the history or the developmental age of the child, the physician 
should be concerned about the possibility of child abuse.

Management
It is necessary to clean all wounds of obvious debris and clotted blood by gentle washing or soaking in saline 
solution. With wounds less than 12 hours old and facial wounds less than 18 hours old, primary closure is allow-
able. Th e shaving of a small amount of hair from the surrounding area may be appropriate, but it is important to 
leave eyebrows intact. A dilute povidone solution is used to clean the area around (but not inside) the wound. 
Th e infi ltration of 1% lidocaine usually provides local anesthesia. Th e physician should be aware that the maxi-
mum dose of lidocaine is 4 mg/kg. For better hemostasis, a combination of lidocaine with epinephrine may be 
used, except when suturing end organs such as the fi ngers, ears, or nose.

Pediatric Pearl: In an effort to reduce a child’s pain, anxiety, and fear of needles, which 
are often associated with laceration repair, topical anesthesia may sometimes replace a 
lidocaine injection. A solution such as lidocaine–epinephrine–tetracaine applied directly to 
the wound via a solution-soaked gauze for 15 to 20 minutes may be effective.
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Th e wound should be cleaned and irrigated prior to closure. In general, normal saline is the preferred fl uid 
for safe and eff ective irrigation. However, recent studies suggest that potable tap water may be as eff ective as 
normal saline for irrigation of most wounds. Th e clinician should extract any visible foreign body, excise necrotic 
skin, and debride free subcutaneous tissue. Exploration and repair of deep structures, if necessary, should occur. 
Deep lacerations require subcutaneous sutures (absorbable) to better oppose the skin. Th e clinician everts the 
skin edges and approximates them using the smallest nonabsorbable sutures that will do the job. Staples, which 
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can be applied quickly, have a lower rate of tissue reactivity compared to sutures but do not allow as meticulous 
a closure. Th ey are particularly useful for wound closure in noncosmetic areas (e.g., scalp, extremities) or in 
children with multiple traumas, when speed of repair is essential. Application of a sterile dressing completes the 
treatment process. A follow-up arrangement should be made for removal of nonabsorbable sutures.

Tissue adhesives such as the glue-like substances cyanoacrylates have become a popular method for faster wound 
closure with less need for sedation and local anesthesia. Wound closure involves approximation of the wound edges 
with fi ngers or forceps and painting the tissue adhesive over the apposed wound edges; it is necessary to hold these 
together for 30 seconds to allow complete polymerization of the glue. Th ere is no need for a dressing; the adhesive 
sloughs off  in 7 to 10 days. Lacerations of toddlers’ foreheads or chins are particularly amenable to this type of repair.

Vigorous soaking and irrigation of abrasions are necessary because embedded debris is often present. 
A thin layer of antibiotic ointment and a sterile dressing are necessary.

High-risk wounds (Table 23-4) require consultation with a plastic surgeon. Because of the high risk of 
infection, primary closure of these wounds should be avoided unless a cosmetically important area is involved. 
Prophylactic antibiotics are necessary for wounds more than 18 hours old, for most animal bites and all human 
bites. However, it is important to realize that antibiotics are no substitute for thorough wound cleaning and 
judicious debridement.

Elevation of the injured area is required, and a splint may be necessary. Tetanus prophylaxis is based on the 
child’s immunization status. For animal bites, the local health department can give advice regarding the need for 
rabies prophylaxis. Close follow-up is the rule for all children.

CARE OF TOXIC INGESTIONS AND FOREIGN BODIES
Toxic exposures are encountered frequently in children, in both exploring toddlers and experimenting ado-
lescents. Successful management of poisonings requires a basic knowledge of toxicologic principles. Medical 
toxicology, the study of pathologic eff ects of exogenous substances on human physiology, is fundamental to the 
practice of therapeutic medicine, and a solid grounding in its principles is advantageous to the practitioner of 
any medical specialty. In addition, persistent history seeking, a meticulous physical examination, a few key diag-
nostics, and investigative curiosity are indispensable tools for the evaluation of poisoned children.

Pathophysiology
Pediatric poisonings fall into two important groups, which require distinctly diff erent management approaches. 
Accidental poisoning occurs, for the most part, in younger children who have been left momentarily undersu-
pervised. Usually, only single agents are ingested and, even then, in clinically unimportant quantities. Although 
the child’s ability to communicate or the deductive abilities of adult witnesses may restrict the historical details, 
they are usually not purposeful attempts on the part of patients to mislead examiners.

In contrast, intentional poisoning largely occurs in adolescents and adults. Toxic substances may be used 
for recreational purposes or taken in overdose with the intent of self-harm. Often, multiple substances are 
involved in signifi cant quantities. Consequently, these patients are at high risk for serious illness. For any of 
several reasons (e.g., avoidance of legal consequences, fear of parental reaction, seriousness of suicidal intent), 
patients may be unwilling to volunteer truthful information regarding the ingestion. Th erefore, in the setting of 
an intentional poisoning, the examiner should be wary of potential inaccuracies in the patient’s history.

 TABLE 23-4

Wounds at High Risk for Infection
Cat bites

Human bites

Hand wounds

Puncture wounds

Wounds more than 18 hours old

Wounds in an immunosuppressed child
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Th e task of evaluating poisoned patients is simplifi ed if the toxin can be determined with certainty. How-
ever, patients may be unable or unwilling to identify the toxic agent or agents, especially in the case of intentional 
overdose. In the latter case, the clinical skills of the examining physician are put to the test. Greater reliance is 
placed on the physical examination and diagnostic measures to off er critical clues to the identifi cation of the 
toxin or toxins. In the absence of essential information, it is often necessary to prepare for the worst and enforce 
a period of observation.

Pediatric Pearl: If poisonings are intentional or occur in adolescents, the “worst case 
scenario” should be the basis of initial management, and selected standard diagnostic 
measures are warranted.

Pe
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Clinical and Laboratory Evaluation
History

Th e primary goal when obtaining the history is to confi rm that an ingestion has occurred and to determine the 
potential seriousness of the poisoning. Key questions in evaluating a poisoning include the following:

• What is the poison?
• When or over what period did the poisoning occur?
• How much poison was involved?
• By what route did the poisoning occur?
• Was the poisoning accidental or intentional?

One or more routes may result in poisoning. Th e most common is gut absorption following ingestion. 
Other routes of toxin absorption include inhalation, injection, and topical exposure. In children, in particular, the 
dose of the toxin per body weight is often necessary for determining the seriousness of the ingestion.

Occasionally, a patient comes to medical attention with signs and symptoms of an illness without a clear 
cause. Factors consistent with toxicologic causation include acute onset of illness, history of pica or previous 
ingestion, history of environmental stress or depression, past overdose attempts, at-risk age group (toddlers, ado-
lescents), and a story that “just doesn’t make sense.” For the toddler who develops symptoms resembling a toxic 
exposure, knowing where the poisoning may have taken place is of help. For example, toxins found in a garage 
are distinct from the array of poisons available in the bathroom cabinet. Knowledge of past drug use patterns 
may help in the evaluation of an intoxicated adolescent. For the unknown overdose, it is necessary to conduct a 
dogged interrogation to identify all medications available in the home, including those belonging to other family 
members. If partially empty or unlabeled bottles are found, it is essential to make the correct product identifi ca-
tion. References, pharmacists, prescribing physicians, and regional poison centers may be helpful.

Finally, the toxicologic management of a given patient must consider the patient’s past medical prob-
lems, active medical conditions, current medications, and allergies. Th ese not only may provide insight into 
the current clinical picture but also may alert the physician to potential contraindicated therapies or drug 
interactions.

Physical Examination

Th e physical examination provides critical clues to the severity and nature of the poisoning. It begins with the 
initial assessment of cardiorespiratory stability and vital signs and progresses to a rapid assessment of neurologic 
function and methodic head-to-toe examination. Equally important is the ongoing observation and repeated 
evaluation of the patient as the case unfolds. Absence of physical fi ndings may be consistent with a nontoxic 
ingestion. However, early in the course of serious ingestions, children may also be free of symptoms. Countless 
toxins may result in nonspecifi c symptoms such as drowsiness, vomiting, or abdominal distress. Certain group-
ings of symptoms may suggest specifi c classes of toxins. Th ese “toxidromes,” if present, are especially useful in 
the evaluation of the unknown poisoning (Table 23-5).

Depressed level of consciousness is a hallmark of primary CNS depressants such as alcohols, opioids, 
barbiturates, and benzodiazepines. CNS depression may be secondary, resulting, for example, from insulin-me-
diated hypoglycemia or cellular asphyxia due to carbon monoxide. Respiratory depression is a commonly seen 
complication of severe CNS depression. Seizures may result from a number of sympathomimetic agents such as 
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theophylline, cocaine, and amphetamines. Antidepressants, antihistamines, and isoniazid are therapeutic drugs 
that may also cause seizures in overdose. Camphor and pesticides, which are commonly found in the home, are 
two epileptogenic poisons.

Overdose of certain substances results in specifi c signs and symptoms (Table 23-6). Hypotension and bra-
dycardia are seen with parasympathomimetic agents such as organophosphate pesticides or with sympatholytic 
antihypertensive agents such as β-blockers. Hypotension with tachycardia accompanies hypovolemia, which 
results from severe vomiting, diarrhea, and third-space redistribution that is seen with many heavy metals and 
plant toxins. Dysrhythmias occur following overdose of tricyclic antidepressants and cardiac medications such 
as digitalis and quinidine. In children who present with unexplained hyperthermia, sympathomimetic drugs, 
salicylates, and anticholinergic agents warrant consideration.

 TABLE 23-5

Common Toxidromes

Anticholinergic Poisoning

Hot as Hades

Blind as a bat

Red as a beet

Dry as a bone

Mad as a hatter

Cholinergic Poisoning (DUMBBELS)

Diarrhea

Urination

Miosis

Bronchorrhea

Bradycardia

Emesis

Lacrimation

Salivation

Narcotic Poisoning

Pinpoint pupils

Coma

Respiratory depression

Sympathomimetic Poisoning

Tachycardia

Hypertension

Mydriasis

Excitation

Diaphoresis

Delirium, psychosis

Seizures

770309_Ch_23.indd   622770309_Ch_23.indd   622 5/6/11   1:52:53 PM5/6/11   1:52:53 PM



CHAPTER 23 ■ TRAUMA, INGESTIONS, AND BURNS  623

Finally, characteristic odors may provide clues to the intoxicant. Most individuals are familiar with the odors 
of ethanol and mothballs. Methyl salicylate smells of wintergreen, and organophosphate pesticides smell of garlic. 
Burns of the oral mucosa or skin are an important physical fi nding following ingestion of caustic compounds.

Laboratory Evaluation

Th e diagnostic measures selected depend on the history, clinical appearance, and intentionality. For most ac-
cidental childhood ingestions of a single agent such as bleach, a cold preparation, or detergents, observation 
alone is suffi  cient if the child has no symptoms. After small ingestions of acetaminophen, salicylates, or ethanol, 
drug levels are not required if the amount ingested does not approach toxic doses, and the history is certain. 
For unclear reasons, ethanol is associated with hypoglycemia in young children. Th erefore, it is good to off er 
something sweet while observing the small child who may have ingested ethanol. If the amount ingested cannot 
be calculated with reasonable certainty, symptoms are present, the amount consumed is great, or there is doubt 
concerning the verity of the history, diagnostic and therapeutic measures are indicated.

Th e intentional overdose requires an entirely diff erent approach. A very low threshold for diagnostics and 
decontamination is essential despite the apparent triviality of the poisoning. In all adolescent or intentional 
ingestions where the history may be inaccurate, assays for commonly available drugs such as acetaminophen and 
an electrocardiogram are routinely indicated.

Blood levels may or may not correlate with clinical toxicity. For several commonly ingested agents (i.e., 
salicylates, acetaminophen, ethanol, theophylline), blood levels are rapidly performed in most clinical laborato-
ries, provide useful information about prognosis, and guide therapeutic interventions. For other drugs, the mere 
qualitative presence in blood or urine has important implications for patient disposition. For example, fi nding 
cocaine or opioids in a small child should prompt a child welfare investigation.

Pediatric Pearl: It is impossible to screen for all agents, and the specifi c panels of drugs 
screened vary between laboratories. The toxicology screen should only be used as an 
adjunct to clinical suspicion regarding a specifi c drug or drugs, and the clinician should be 
familiar with the drugs included in a given screen.
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Routine laboratory evaluations may help assess an unknown intoxication. Both hypoglycemia and electro-
lyte disturbances may result from and contribute to toxic syndromes. Immediate determination of blood glucose 

 TABLE 23-6

Major Signs and Symptoms of Some Common Poisonings

Agent Signs and Symptoms

Acetaminophen No symptoms (early)

Hepatic failure (late)

Iron Vomiting, abdominal pain

Hypotension

Salicylates Hyperpnea, vomiting

Metabolic acidosis

Albuterol Tachycardia, excitation

Diphenhydramine Lethargy, tachycardia, seizures

“Super warfarins” No symptoms (early)

Bleeding (late)

Ethanol Lethargy, ataxia

Hypoglycemia

Isoniazid Seizures
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is warranted in every lethargic or comatose child. Likewise, a therapeutic trial of naloxone in an obtunded child 
may diagnose opioid intoxication by producing abrupt arousal. It is important to use caution with naloxone in 
patients who are known to be habitual users of opioids because sudden administration of the antagonist may 
precipitate withdrawal. For toxins known to cause bleeding, coagulopathy, hepatic toxicity, renal compromise, 
rhabdomyolysis, or respiratory failure, the selective use of the CBC, prothrombin time (PT), partial thrombo-
plastin time (PTT), serum chemistries, and blood gas values are indicated both to determine baseline values and 
to monitor the evolution of the illness.

Radiographs have selective utility in poisonings. Aside from demonstrating pneumonitis or pulmo-
nary edema, radiographs may be of help in diagnosing ingestion of certain drugs that are radiopaque in 
large enough quantities. Th e mnemonic “CHIPSS” can be used to remember the radiopaque compounds 
(Table 23.7). Absence of unexplained radiopacities on the abdominal radiograph does not rule out inges-
tion of these substances.

Th e presence of an elevated anion gap metabolic acidosis (sodium � [chloride � bicarbonate]) of greater 
than 12 to 16 mEq/L suggests several toxins. Th e mnemonic “AT MUDPILES” can be used to recall the sub-
stances that cause metabolic acidosis (Table 23-8). Similarly, an elevated osmol gap (range: �5 to �15 mOsm), 
calculated by the equation

   2(sodium) �   
glucose

 _ 
18

   �   
blood urea nitrogen

  __ 
2.8

  

may be associated with the toxic alcohols or diuretics. However, a nonspecifi c elevation of the osmol gap is seen 
in many other disease states (e.g., liver disease, sepsis).

 TABLE 23-7

Radiopaque Compounds
Chlorinated compounds (chloral hydrate, carbon tetrachloride, p-dichlorobenzene)

Heavy metals (iron, mercury, lead)

Iodine

Phenothiazines

Slow-release preparations (enteric-coated analgesics)

Stuff ers (cocaine- or heroin-fi lled packets)

 TABLE 23-8

Substances Causing Anion Gap Acidosis
Alcohols

Toluene

Methanol

Uremia

Diabetic ketoacidosis or other ketoacidosis (alcoholism, starvation)

Paraldehyde or phenformin

Iron or isoniazid

Lactic acidosis

Ethylene glycol

Salicylates or strychnine
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Assessment and Differential Diagnosis
Following the initial evaluation, the clinician must assess the nature and seriousness of the poisoning.

• Given the identity and quantity of the toxin involved, has a clinically consequential poisoning occurred?
• Is the patient ill now, or is the patient likely to become ill?
• Are there nontoxicologic disease processes that may be taking place instead of or in addition to the poi-

soning (e.g., traumatic and infectious causes, which should always be considered in the evaluation of the 
altered or febrile child)?

• To minimize the morbidity that may result from the poisoning, how and when should the clinician 
 intervene?

Management
Attention to life-threatening processes is the initial priority. Th e basic life-support sequence of airway 
(A), breathing (B), and circulation (C) is central to the successful management of toxicologic emergencies 
(see Table 23-1).

After initial stabilization, the cornerstone of toxicologic management is decontamination. Th e objective 
of decontamination is to minimize systemic absorption of the toxin. For skin or mucous membrane exposure, 
this consists of irrigation of the contaminated surfaces. In the case of intoxication by inhalation, removal from 
the source of toxic vapors to fresh air and the administration of humidifi ed oxygen are indicated. For ingested 
toxins, gut decontamination consists of one or more of the following: gastric emptying by emesis or lavage, the 
administration of a sorbent such as activated charcoal, and the addition of a cathartic.

In considering gastric emptying, the clinician must consider the safety of the procedure and the likelihood 
of removing clinically important amounts of toxin. In general, both emesis and gastric lavage may predispose in-
dividuals to aspiration if performed in patients who are lethargic, comatose, or seizing. Th e ingestion of corrosive 
agents and hydrocarbons are contraindications because both procedures may exacerbate gut mucosal damage, 
increase the risk of perforation, or lead to aspiration. Emesis with syrup of ipecac at home is no longer recom-
mended as it is rarely considered an adequate substitute for medical attention. Although gastric lavage is the 
preferred method of gastric emptying in the hospital setting, its signifi cant risks limit its use to very select cases.

Pediatric Pearl: Most toxicologists accept that gastric lavage still has a place in the 
 treatment of massive, life-threatening ingestions for which alternative treatments are 
insuffi cient (e.g., sustained-release calcium channel blockers). If gastric lavage is used in an 
obtunded individual, measures to secure a safer airway (i.e., endotracheal intubation) must 
be taken beforehand.
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Activated charcoal avidly adsorbs to a large variety of toxins and may be safely administered to most pa-
tients. However, it does not adsorb heavy metals, hydrocarbons, and alcohols well. Potential adverse eff ects of 
charcoal include (1) aspiration, particularly when administered forcibly to obtunded individuals, and (2) char-
coal inspissation in the gut with the potential for perforation in the patient with ileus.

Cathartics are intended to decrease absorption by hastening gastrointestinal transit. In repeated doses, they 
may cause dehydration and electrolyte imbalance. Whole bowel irrigation with an iso-osmotic solution such as 
polyethylene glycol is preferred for enhancing elimination of pills or particles that have passed beyond the stom-
ach, especially those that are not adsorbed by charcoal. Gut decontamination is most eff ective when instituted 
early, before signifi cant absorption has occurred.

Several measures may hasten postabsorptive elimination of a substance. Examples include hemodialysis, 
charcoal hemoperfusion, ionized diuresis, and multiple doses of activated charcoal. For dialysis to be useful, 
a toxin should be small enough to traverse the dialysis membrane, should possess a small volume of distribu-
tion (i.e., largely limited to the intravascular space), and should have a low degree of protein binding. Lithium 
and methanol are examples of such compounds. Ionized diuresis works for weak acids such as salicylates 
by trapping the charged form of the drug in alkaline urine and thereby enhancing renal elimination of the 
drug. Multiple doses of charcoal are eff ective at enhancing elimination of drugs such as theophylline by ad-
sorbing the drug, which back-diff uses into the gut, or by interrupting enterohepatic cycling of other drugs 
(e.g.,  carbamazepine).
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A nationwide network of regional poison information centers is available 24 hours a day to medical prac-
titioners to provide assistance in managing specifi c poisonings. Several resources are available: POISINDEX, a 
computerized data bank of medicinal, industrial, and environmental toxins that is regularly updated; a library of 
toxicologic reference texts; and a staff  of medical toxicologists. In addition, the centers also may be able to supply 
telephone numbers for other area experts such as the local botanical gardeners or herpetologists. Th ey may help 
predict the symptoms that may occur with a given toxin and are instrumental in directing the clinician toward 
the safest course of therapy.

Foreign body ingestion is often included in the discussion of childhood poisonings, although it is not 
necessarily a toxicologic problem. Most ingested foreign bodies pass through the gut with no absorption and, 
consequently, do not result in systemic illness. Occasionally, the size or shape of the ingested object causes 
it to lodge in the gut. If arrested in the lower esophagus, it should be removed endoscopically to avoid the 
potential for regurgitation and aspiration into the airway. Once beyond the lower esophageal sphincter, round 
objects such as coins rarely cause problems. Larger objects may result in obstruction and require surgical 
removal. Button  batteries rarely fragment in the gut and usually do not require removal. However, patients 
who ingest button batteries warrant careful observation for signs that caustic contents have leaked, resulting 
in gut mucosal ulceration and abdominal pain. Although elevated blood and urine mercury levels may occur 
following the fragmentation of mercuric oxide button batteries, no reports of resulting systemic mercury tox-
icity have appeared. In contrast, the sudden absorption of the contents of a ruptured cocaine bag has nearly 
uniformly lethal consequences.

Several antidotes protect against or reverse the toxicity of specifi c toxic agents by a multitude of mecha-
nisms (Table 23-9). Th e antagonism of opioids by naloxone is well-known.

After the stabilization and treatment of poisoned patients, meticulous supportive care is of para-
mount importance for eventual recovery. Monitoring vital signs and serial examinations, vigorous res-
piratory support and toilet, maintenance of fluid and electrolyte homeostasis, and the management of 
infectious complications are critical early in the course of the severely poisoned patient. As recovery pro-
ceeds, psychiatric intervention and preventive education is appropriate. Acute awareness of potential drug 
interactions, both of ingested toxins and of drugs administered therapeutically, is important throughout 
the treatment period.

OFFICE OR EMERGENCY DEPARTMENT CARE OF BURNS
Burns are a common cause of injury in children. Each year more than 200,000 children receive treatment for 
burn injuries. In addition, signifi cant morbidity and mortality often occur. Th e peak incidence of burn injury 
occurs in toddlers (1 to 5 years of age), and the injuries usually occur as the result of scalding from hot liquids. 
Although burns from house fi res are less common, they account for almost half of all burn-related deaths. Th is 
higher mortality is probably related to associated smoke inhalation.

 TABLE 23-9

Some Toxins and Their Antidotes

Toxin Antidote and Mechanism of Action

Acetaminophen N-Acetylcysteine; prevents formation of toxic metabolite

Warfarin Vitamin K; acts as cofactor for synthesis of coagulation factors

Organophosphates Atropine; acts as muscarinic antagonist

Pralidoxime; reactivates cholinesterase

Digoxin Digoxin-specifi c antibodies; aff ects immunoneutralization

Lead Dimercaprol; aff ects chelation

Methanol Ethanol; competitively inhibits alcohol dehydrogenase

Nitrites Methylene blue; helps reduce methemoglobin
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Pathophysiology
Direct thermal injury causes cell death at the time of the burn. Immediate release of local mediators, especially 
histamine, which causes a transient increase in vascular permeability, then occurs. After a short lag period, 
release of additional vasoactive substances such as serotonin and prostaglandins further increases permeability. 
Altogether, these factors result in marked tissue edema, accentuating the ischemic damage of the injured cells.

Th e severity of the direct tissue injury is related to the temperature of the causative substance and the 
duration of contact.

Pediatric Pearl: Because the ischemic injury may extend three to seven times more 
deeply than the level of the direct injury, the fi nal depth of the burn may be delayed for 
4 to 5 days.
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Usually, the severity can be estimated by the depth of the burn. First-degree burns such as sunburn in-
volve only the epidermis. Th ese red and painful burns do not blister and resolve without scaring in 3 to 5 days. 
Second-degree burns are partial-thickness burns that involve the entire epidermis and varying degrees of 
 dermis. Superfi cial second-degree burns (involving the top one-half of the dermis) are usually red or mottled 
with blisters, swelling, and intense pain. Healing occurs in 1 to 2 weeks without scarring. Deep second-degree 
burns appear mottled with a broken epidermis and a wet or weeping surface. Depending on the amount of nerve 
destruction, these burns may or may not be painful. Healing occurs slowly, often resulting in a scar. Th ird-degree 
burns are full-thickness burns involving damage to all layers of the skin and subcutaneous tissue. Th e skin is 
broken with a white or leathery appearance. Th e burn surface is usually dry and painless because the nerve end-
ings are destroyed. At this level there is no functional barrier to bacterial infection. Healing is prolonged and 
may necessitate skin grafting. Fourth-degree burns extend from the skin through the subcutaneous tissue and 
fascia to the bone. Tissue necrosis, edema, and coagulopathy are extensive and may cause systemic toxicity. Th ese 
burns usually require skin grafting.

Clinical and Laboratory Evaluation
History

Th e history-taking process should involve learning more about the circumstances that resulted in the burn in-
jury. It is essential to ascertain whether the mechanism of the injury (e.g., explosion, thrown from vehicle, house 
fi re) may have caused internal injuries or fractures. Determination of the circumstances of the injury, the nature 
of the agent involved, and the duration of exposure is important. Flash burns from fi res or scalding from boiling 
water usually cause second-degree burns, whereas fi res, explosions, hot grease, or hot oil often cause third-degree 
burns. Questions about the nature and duration of smoke inhalation and fi re are warranted. Exposure to com-
bustion of carbon-containing products such as wood (with house fi res), methane (with clogged heating vents), 
or gasoline (with blocked automobile exhaust) should prompt concerns about carbon monoxide poisoning. Any 
confl ict between the circumstances of the injury and the severity or appearance of the burn as well as the degree 
of supervision may lead the physician to suspect child abuse or neglect. Th e child’s tetanus immunization status 
is important to determine; it may be necessary to administer a booster.

Physical Examination

It is appropriate to consider the physical examination in terms of the ABCs for burns.

• Airway: Signs of upper airway obstruction (stridor), which may occur as a result of thermal injury to the 
pharynx, and clinical signs that may indicate the presence of inhalation injury (Table 23-10) may be evident.

• Breathing: Signs of respiratory distress (retractions, wheezing, tachypnea, cyanosis) may result either 
from direct inhalation injury to the lung or from the eff ects of smoke inhalation and carbon monoxide 
production. In addition, signifi cant burns to the chest wall, especially if they are circumferential, may 
impede chest wall excursion and cause hypoxia.

• Circulation: Increased vascular permeability and edema formation around the injured tissue can cause 
signifi cant fl uid loss. Th is may be worsened by associated internal injuries. Assessment of circulation in-
cludes examination of pulse rate, capillary refi ll, skin color, skin temperature, quality of peripheral pulses, 
and mental status.
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• Depth: Estimates of the depth (degree) of the burn are based on clinical appearance, as previously de-
scribed (see Pathophysiology).

• Extent: Estimates of the total extent of the burns may involve use of the “rule of 9s” (Table 23-11) or the 
system that dictates that one surface of the child’s hand represents 1% of body surface area. It is impor-
tant to note any circumferential burns of the chest and extremities.

• Fractures: Th is includes identifi cation of fractures and internal injuries.
• Globes: In the presence of facial burns, it is necessary to inspect the eyes for burns, abrasions, and foreign 

material.

Laboratory Evaluation

For minor burns, no laboratory tests are indicated. If exposure to smoke or other combustible gases occurred, an 
arterial blood gas and co-oximetry for determination of carboxyhemoglobin levels are appropriate. If there are major 
burns (more than 10% to 15% second-degree burns) or associated injury, then baseline blood tests (CBC, electro-
lytes, PT, PTT, type, and crossmatch) and urinalysis (for hemoglobin and myoglobin) should be obtained. In chil-
dren with respiratory distress, inhalation injury, or signifi cant chest wall burns, an arterial blood gas is warranted.

Differential Diagnosis
Burn injury is usually apparent from the history and physical examination. Two specifi c types of burns—chem-
ical and electrical—require special mention. Chemical burns often have prolonged exposure and penetrate deep 
into the dermal layers. Electrical burns are usually very serious, despite their initial minor appearance because 
the electrical current can destroy muscles and blood vessels deep in the contact site. Aff ected patients may de-
velop cardiac ischemia or dysrhythmia (if the current passed through the heart) as well as complications from 
muscle breakdown (myoglobinemia).

Th e physician should also be aware of burns that are characteristic of child abuse: patterned or small cir-
cular burns (from an iron, lighter, or cigarette), sharply demarcated burns of the extremities or buttocks (from 
intentional immersion in scalding bath water), or other burns not consistent with the history.

 TABLE 23-11

Rule of 9s for Estimating the Extent of Burns

Child (%) Adolescent (%)

Head 18 9

Each arm 9 9

Trunk 18 18

Back 18 18

Each leg 14 18

 TABLE 23-10

Clinical Signs Associated with Inhalation Injury
Singeing of nasal hair

Carbon deposits in the oropharynx

Oropharyngeal edema

Facial burns

Carbonaceous sputum

Altered mental status
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Management
Management should proceed based on the evaluation of the “ABCs” (see Table 23-1). If signs of airway  compromise 
(e.g., stridor) or signs associated with the development of upper airway obstruction following inhalation injury are 
present (see Table 23-10), endotracheal intubation should be used to secure the airway. Direct laryngoscopy with 
a fl exible endoscope, by an experienced emergency medicine or ear, nose, and throat physician, may help assess the 
degree of pharyngeal edema. It is important to provide 100% oxygen to all patients with suspected smoke inhala-
tion or signs of respiratory distress. Nebulized β

2
-agonists (albuterol) are indicated for signs of bronchospasm (e.g., 

wheezing). For children with cardiovascular compromise or more than 10% second-degree burns, intravenous fl uid 
resuscitation with normal saline or lactated Ringer solution is appropriate. As already noted, there is signifi cant 
fl uid loss at the site of the burn. Th e amount of intravenous fl uids required is the child’s maintenance fl uid require-
ment plus additional fl uids to compensate for the loss through the burned tissue (2 to 3 mL/kg body weight/% 
body surface area burned). One-half of the calculated fl uid defi cit should be administered in the fi rst 8 hours. 
Placement of a Foley catheter to monitor urine output is appropriate, and insertion of a nasogastric tube to decom-
press the stomach is also warranted. Circumferential burns of the extremities may cause vascular compromise and 
a compartment syndrome. Signifi cant burns to the chest may cause respiratory compromise. Th ese types of burns 
may necessitate an immediate surgical intervention such as an escharotomy. In this procedure, an incision is made 
for the entire length of the eschar in order to allow the skin edges to separate and to relieve the tension.

Once the child is stabilized, the physician should focus on wound care. Burns can be extremely painful, so 
prompt sedation and analgesia is essential. Unlike adults who can express their pain with complaints, children’s 
cries are often not appreciated by the providers as a sign of pain, thereby delaying the administration of pain 
medications. Th us, as soon as the ABCs are secured, children should receive sedation. Th e method of sedation 
depends on the experience of the physicians and existing emergency department protocols. A dose of morphine 
(0.1 mg/kg given intravenously, intramuscularly, or subcutaneously) is usually eff ective and has the advantage of 
being readily reversed with naloxone if needed.

Room temperature, saline-soaked gauze pads can be used initially to cover the burned areas. Do not apply ice 
or cold dressings because of the risk of developing hypothermia. Notify the hospital’s burn service (plastic or general 
surgeon) for any signifi cant burns. To dress the burns, remove the saline gauze and clean the burns gently with saline 
solution, using an aseptic technique. It is appropriate to remove devitalized tissue, but intact blisters (which themselves 
provide a sterile dressing) should remain. Th e application of topical antimicrobial agents to all second- and third-
degree burns is warranted. A thin layer of Silvadene can be applied to the burns, but because the silver can leave a 
hyperpigmented scar, bacitracin is preferred for cosmetically important areas such as the face. Recently, studies suggest 
that carboxymethylcellulose-based hydrofi ber products may provide a faster healing, more cost-eff ective alternative to 
Silvadene. A single layer of fi ne-mesh gauze followed by two or three layers of fl uff ed absorbent gauze is used to pro-
vide a closed dressing. If needed, give a tetanus booster. Certain types of burns require hospitalization (Table  23-12). 
Th e use of hyperbaric oxygen for burn management and carbon monoxide poisoning is controversial.

 TABLE 23-12

Burns that Require Hospitalization
Second-degree burns over �10% BSA

Th ird-degree burns over �2% BSA

Signifi cant smoke inhalation

Associated injuries (e.g., fracture, head trauma)

Perineal burns

Second-degree burns involving face, ears, hands, or feet

Second-degree burns that are circumferential or cross a joint

Electrical burns

Deep chemical burns

Suspected child abuse

BSA , body surface area.
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A clerkship rotation in the pediatric intensive care unit (PICU) is too brief to allow for a complete understand-
ing of the therapeutic regimens used in the unit. However, students should learn how to recognize a critically 
ill child and those diseases that necessitate an intensive care unit (ICU) admission. Common etiologies requir-
ing PICU admissions include organ failure, trauma, severe infections, and postoperative management after 
signifi cant surgical procedures. Th e common endpoint to all of these disease processes is often referred to as 
the systemic infl ammatory response syndrome (SIRS). An initial insult—trauma, infection, surgery, and the 
like—triggers the patient’s infl ammatory mediator cascade, which leads to a specifi c set of signs and symptoms 
often being noted on physical examination. Th e role of the intensivist is twofold in caring for such critically ill 
children. First, the multiple abnormal physiologic parameters in a critically ill patient must be noted in the con-
text of the entire patient; that is, one organ system should not be treated to the potential detriment of another 
organ. An expression often used in managing critically ill patients is “do not lose the forest through the trees.” 
Second, the intensivist often can only provide supportive care to the patient as the underlying disease process 
runs its natural course. Students should therefore focus on treating the entire patient, not normalizing individual 
abnormal values, and understand the supportive care that can be provided for various forms of organ failure.

Th e PICU functions in two ways: (1) primarily, to support critically ill children and give them time to heal, 
and (2) to provide a safe and effi  cient environment for the multidisciplinary team working with children and 
their families. Th e average mortality rate in the PICU is approximately 2% and most children requiring PICU 
admission survive. Occasionally, an admission to the PICU is prolonged, and, in a few cases, children succumb to 
their disease. Pediatricians should be aware of the psychosocial dynamics encountered between children, parents, 
the extended family, and the teams of health care professionals. Appropriate and frequent communication and 
disclosure of information in an honest, open fashion with the parents and caretakers of a critically ill child is an 
important part of caring for that child.

In most active academic PICUs, the patient “mix” is evenly divided between medical and surgical patients. 
Most patients are admitted emergently, and 20% to 30% of these may be admitted via a critical care transport 
service. Th e remainder of the admissions may be scheduled surgical patients who require aggressive management 
postoperatively due to instability or a high level of monitoring and nursing care not available on general care 
units. Th ese children may need mechanical ventilation, invasive intravascular monitoring, and frequent attention 
by both the nursing and medical staff .

ORGANIZATION OF PEDIATRIC INTENSIVE CARE UNITS
PICUs are usually directed by a physician certifi ed in pediatric critical care medicine and staff ed by physicians 
appropriately trained in pediatric critical care medicine. Other subspecialists (anesthesiologists, cardiologists, 
pulmonologists, cardiovascular surgeons, and surgeons) may also provide care in this environment. A hospital 
critical care committee helps formulate policy for the PICU (e.g., admission and discharge criteria for PICU 
patients) and a quality assurance program. Admission and discharge criteria must be specifi c and clearly defi ne 
which patients are to be admitted to the PICU or, if available, an intermediate care unit (Table 24-1).

Th e quality assurance program off ers the opportunity to examine clinical practice patterns and their infl u-
ence on patient outcomes. An example of a quality assurance project might include surveys of extubation crite-
ria, rates of catheter-associated blood stream infections (CABSI), reintubation rates for failed extubations, and 
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 TABLE 24-1

Admission and Discharge Criteria in Pediatric Intensive Care Units

PICU

Admission Criteria

Patients with invasive monitoring (e.g., arterial lines, central venous pressure lines, pulmonary arterial 
lines, intracranial pressure monitoring devices)

• Evidence of respiratory impairment or failure

• Cardiovascular compromise, including shock and hypotension (hypertensive crisis may be managed in 
the ICU)

• Acute neurologic deterioration, which includes status epilepticus, coma, or evidence of increased intrac-
ranial pressure

• Acute renal failure requiring dialysis

• Bleeding disorders that require massive transfusions

Discharge Criteria

When the following discharge criteria are met, the PICU attending physician will arrange the transfer of 
the patient to an appropriate setting within the hospital or to a referring hospital. Th e primary attending 
physician will be notifi ed of such discharge from the PICU. Discharge from the PICU may take place 
when the patient’s disease process reverses itself to the point that the patient:

• Requires no invasive monitoring

• Requires no airway protection (intact cough and gag refl exes)
• Requires no invasive mechanical respiratory support

• Is hemodynamically stable
• Has a stable neurologic status

PIICU

Admission Criteria

• Patients who do not require respiratory assistance for acute respiratory failure but require continuous 
monitoring of vital signs, noninvasive blood gas analysis (e.g., O

2
 saturations, transcutaneous PO

2
 and 

PCO
2
), including those patients who require chronic ventilatory assistance with tracheostomies or 

noninvasive mechanincal support (e.g., BiPAP)

• Patients who are in early cardiovascular failure and require continuous monitoring of vital signs and 
noninvasive monitoring

• Patients with a patent airway who require observation for acute neurologic deterioration (e.g., some 
head trauma patients)

• Patients who have multiple organ failure but require nursing care not available in other parts of the 
hospital (e.g., acute renal failure, diabetic ketoacidosis, trauma victims)

Discharge Criteria

• Patients who no longer require level of skilled nursing care provided in the PIICU

• Patients whose disease process has reversed itself to the point that they can be safely managed in other 
parts of the hospital

BiPAP, biphasic positive airway pressure; ICU, intensive care unit; PICU, pediatric intensive care unit; PIICU, pediatric 

intermediate intensive care unit.  
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evidence of airway injury following intubations performed by diff erent techniques. Another quality assurance 
issue, especially in the era of managed care, is the overutilization of PICU beds.

TECHNIQUES FOR MONITORING CRITICALLY ILL INFANTS AND CHILDREN
Most PICU patients require some type of respiratory support, and many also need cardiovascular support. All 
patients in the PICU have continuous noninvasive monitoring provided and many will often have continuous 
invasive monitoring as well (Table 24-2). Normal values for heart rate, blood pressure, and respiratory rate vary 
according to the age of the patient. Th erefore, age-specifi c criteria must be used for setting monitor alarms.

Th e pulse oximeter has dramatically improved patient care and often is considered the fi fth vital sign 
(temperature, respiratory rate, heart rate, blood pressure, and oxygen saturation) in the ICU. A pulse oximeter 
consists of a light source and a photo detector that must be applied to a narrow enough portion of the body for 
light to traverse a capillary bed. Light is emitted from the light source and absorbed by the various substances 
on route before being detected by the photo detector on the other side. Th e change in light absorbance between 
oxygenated and deoxygenated blood, and during systole and diastole, helps determine a patient’s oxygen satura-
tion. Its accuracy is somewhat dependent on tissue perfusion; therefore, its utility may be limited in patients with 
signifi cant vasoconstriction and poor perfusion. Transcutaneous monitoring of oxygen (PO

2
) or carbon dioxide 

(PCO
2
) tension is of limited use in the PICU.

Near-infrared spectroscopy (NIRS) is a new noninvasive monitor, which allows for the measurement of 
mixed venous saturation of local tissues. Th is technology is being evaluated in cardiac surgery and some PICU 
patients. Data collected to date suggests that monitoring the central nervous system (CNS) NIRS in relation to 
the splanchnic NIRS may prove more eff ective.

Capnography measures the end-tidal CO
2
 concentration in exhaled gas and is more commonly used in 

intubated patients. Th e highest concentration of CO
2
 sampled in the respirator circuit represents the alveolar 

CO
2
 concentration, which should be very close to the arterial (PaCO

2
) concentration. In patients with acute 

pulmonary disease where intrapulmonary shunting exists, the end-tidal CO
2
 reading may not be accurate. Fur-

thermore, neither pulse oximetry nor end-tidal CO
2
 devices can provide data about arterial pH, which is usually 

a critically important part of the patient’s assessment. Th us, these noninvasive modalities are usually supple-
mented by arterial blood gas sampling in critically ill patients. Other noninvasive monitoring techniques used 
in the PICU are detailed in Table 24-2.

Invasive monitoring is often utilized in patients who are in shock or in need of infusions of vasoactive 
agents. Central venous access is used for the administration of vasoactive drugs as well as for the determination 
of central venous pressure (CVP), which refl ects the right atrial pressure, that is, preload to the right heart (i.e., 
right atrial fi lling). Pulmonary artery thermodilution (Swan-Ganz) catheters are used in children much less 
commonly than in adults, and can measure CVP, pulmonary capillary wedge pressure (which refl ects left atrial 
and usually left ventricular fi lling pressures), cardiac output, and mixed venous oxygen saturation. Th ese data 
allow the calculation of both systemic and pulmonary vascular resistances, oxygen consumption, and intrapul-
monary shunt fractions.

Intracranial pressure (ICP) monitoring devices assist in the management of intracranial pathology com-
monly encountered with severe head injuries, severe CNS infections, or Reye syndrome (see Neurologic Inten-
sive Care). Th e specifi c monitoring device used depends on the clinical indications, the neurosurgeon’s famil-
iarity with diff erent types of devices, and the location in the cranium where it can be most safely inserted. Th e 
monitor may be placed on top of the dura (epidural device), under the dura (subdural device), or directly into the 
ventricular system (intraventricular monitor). Intraventricular devices have the added advantage of being useful 
for therapeutic removal of cerebrospinal fl uid (CSF). Each of these devices may be associated with a variety of 
complications including infection, bleeding, injury to brain tissue, and monitor malfunction. Th e more invasive 
devices (i.e., subdural and intraventricular monitors) are associated with a greater risk of infection and thus are 
usually removed after 5 to 7 days.

BASICS OF ASSISTED VENTILATION
Mechanical ventilation is utilized in children with either pulmonary or nonpulmonary causes of respiratory fail-
ure. Pulmonary pathologies that result in the need for mechanical ventilation include airway obstruction, severe 
pneumonias that result in respiratory failure (increase in PaCO

2
 and respiratory acidosis), accumulation of signifi -

cant amounts of fl uid in the pleural space, injuries to the chest wall that produce an unstable thoracic cage, and 
obstructive disease processes such as bronchiolitis or asthma. Nonpulmonary indications for ventilatory support 
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 TABLE 24-2

Pediatric Intensive Care Unit (PICU) Monitoring Devices

Monitoring Device Site Parameters Being 

Measured

Monitoring Limita-

tions/Concerns

Noninvasive Monitoring

Cardiorespiratory Chest leads Heart rate, rhythm, 
respiratory rate

Only provides record-
ing in leads I, II, III 
and not a full 12-lead 
ECG; may have diffi  -
culty with dysrhythmia 
recognition

Transcutaneous Chest PaCO
2

Surface electrodes that 
warm the skin to 43° C 
can cause thermal inju-
ries; must be changed 
every 3–4 hours; useful 
in neonates only

Pulse oximetry Digits/nasal bridge/
ears

Continuous O
2
 s

aturation values
Very useful in well-
perfused patients

Capnography End of endotracheal 
tube

Breath-by-breath 
analysis of CO

2
 in 

intubated patients’ 
end-tidal CO

2

Need graphic picture 
to determine end-tidal 
plateaus

Blood pressure Arm cuff “Dinamap” can cycle 
blood pressure every 
1–5 minutes

Inappropriate cuff  
size can measure false 
hypotension or hyper-
tension

NIRS Forehead/fl ank Mixed venous satura-
tion of local tissues

Not refl ective of true 
mixed venous satura-
tion, maybe more ef-
fective as comparison 
between CNS and 
splanchnic circulation

EEG Scalp surface Provides for continu-
ous monitoring of cra-
nial electrical activity

Requires specialized 
technician for place-
ment

Invasive Monitoring

Arterial Dorsalis pedis, radial, 
posterior tibial, axillary, 
femoral

Continuous blood 
pressure monitoring; 
able to draw frequent 
blood gases and other 
labs

Expertise in placement 
and monitoring; may 
require cut-down tech-
nique; clot at catheter 
tip may compromise 
distal perfusion in the 
cannulated vessel

(Continued)
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include CNS pathologies that produce either ineff ective respiratory eff orts (e.g., Cheyne-Stokes respirations) or 
none at all (apnea), severe cardiac failure with the development of pulmonary edema, multisystem organ failure as 
seen in sepsis, massive gastrointestinal (GI) hemorrhage, intra-abdominal masses or ascites that produce pressure 
on the diaphragm and result in decreased lung volumes, and severe forms of trauma.

Th e usual physiologic indications for mechanical ventilation include one or more of the following: hypoxia 
(i.e., PaO

2
 less than 60 mm Hg, or SaO

2
 less than 90% in an FIO

2
 greater than 0.50 to 0.60), hypercarbia (i.e., 

PaCO
2
 greater than 55 to 60 mm Hg), or respiratory acidosis (pH less than 7.25).

Once the decision has been made to begin mechanical ventilation, the equipment and pharmacologic 
agents appropriate for the patient’s age and weight must be readied. Necessary adjuncts include oxygen (in tanks 
or via a central system), proper-sized face masks, ventilation bags, laryngoscopes (blades vary in size from 00 for 
neonates to 3 for older children and can be either straight or curved), and endotracheal tubes (2.5 to 8.0 mm in 
diameter). Th e size of the tube selected depends on age and the underlying disease process (e.g., patients with 
croup may require a smaller tube).

Pediatric Pearl: A useful formula to determine size of endotracheal tubes is: 
Tube size � (Age [in years] � 16) � 4
Pe
Tu

Appropriate doses of medications should be calculated and drawn up before intubation. If children are 
apneic or comatose and have virtually no airway protective mechanisms, an endotracheal tube can be placed 
emergently with little resistance. However, it is more common for patients to be alert; therefore, pharmacologic 

 TABLE 24-2

Pediatric Intensive Care Unit (PICU) Monitoring Devices (Continued)
Central venous access Femoral, subcla-

vian, external/internal 
jugular

Central venous pres-
sure monitoring useful 
in shock states and 
for administration of 
vasoactive agents

Requires expertise 
in placement, espe-
cially in young infants; 
multilumen catheter 
allows for administra-
tion of multiple drips 
simultaneously

Pulmonary artery 
(“Swan-Ganz”) 
 catheter

Placed through sheath 
in internal jugular, 
femoral, or subclavian 
vein

Cardiac output, 
pulmonary capillary 
wedge pressure, sys-
temic and pulmonary 
vascular resistance,
Indications: any form 
of shock in which ad-
equate CO, SVR, PVR 
measurements my help 
direct therapy

Less commonly used 
in children; helpful in 
titration of therapy; 
complications— 

arrhythmias, pulmo-
nary emboli/infarction

Intracranial pressure 
monitoring

Subdural bolts; 
epidural fi beroptic de-
vices; intraventricular 
catheter

Intracranial pressure 
when CNS pathol-
ogy is associated with 
signifi cant cerebral 
edema; indicated in 
trauma patients with 
Glasgow coma scale 
score �8

Neurosurgeon usually 
inserts device; requires 
expertise in monitor-
ing; intraventricular 
catheters may also be 
used for therapeutic 
intervention if required 
by draining CSF

CNS, central nervous system; CSF, cerebrospinal fl uid; EEG, electroencephalogram; NIRS, near-infrared spectroscopy; 

PEEP, positive end-expiratory pressure; PVR, pulmonary vascular resistance; SVR, systemic vascular resistance.
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agents are used to sedate and relax children so the tracheal intubation can be performed safely and effi  ciently. 
Commonly used agents include narcotics (morphine or fentanyl), benzodiazepines (diazepam or midazolam) 
and muscle relaxants (either a depolarizing agent such as succinylcholine or a nondepolarizing agent such as 
vecuronium). Other agents that may be used include short-acting barbiturates (thiopental) and dissociative an-
esthetics such as ketamine. Th e specifi c combination of pharmacologic agents used will vary depending on the 
underlying disease process necessitating intubation; for example, head injury versus status asthmaticus.

During intubation, patients should be monitored for heart rate and oxygen saturation and should receive 
the highest concentration of oxygen possible. Positioning patients on their back with some neck extension 
and chin lift facilitates the insertion of the laryngoscope blade and the endotracheal tube (Figure 24-1). Once 
the tube has been inserted, the accuracy of the tube location is determined by auscultation of both lung fi elds, 
evidence of condensation of gas in the tube, color change of the Pedi-Cap detecting CO

2
, and a postintubation 

chest radiograph. Choice of nasotracheal versus oral intubation depends on the preference of the individual phy-
sician and the underlying disease process affl  icting the patient. Although technically more diffi  cult, nasal tubes 
off er more stability and are better tolerated. Complications from endotracheal tubes include injury to the glottis 
and subglottic areas, right mainstem intubation, pneumonias, and esophageal intubations.

Glottis

Vallecula

Vallecula

Epiglottis

Tongue

Tongue

A

B

Trachea

Esophagus

Glottis

Epiglottis

Vocal cords

Esophagus

FIGURE 24-1. (A) Position of the head for direct laryngoscopy. Note the laryngoscope is held 
in the left hand. Th e endotracheal tube is advanced with the right hand. (B) Visualization of the 
glottic area at the time of intubation.
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Once intubated, the patient is connected to a ventilator. Th e following simple formula for compliance is 
worth memorizing because it provides the basis of understanding pulmonary and ventilator interactions.

Compliance � Volume/Pressure

By tracking some simple ventilator parameters, this equation allows the physician to monitor patient pro-
gression or recovery from the primary disease process. Some important terms regarding conventional ventilation 
are listed in Table 24-3.

Th ere are several ways the modes of ventilation can be divided. One method is by assessing the amount of 
support the ventilator is providing for the patient.

• Assist control (AC): Th is mode provides the maximal support for the patient. Every breath, whether 
mechanical or spontaneous, is fully supported. Each breath has the same peak inspiratory pressure (PIP) 
or tidal volume (Vt) and inspiratory time (I

t
). Pressure support is unnecessary in this mode.

• Synchronized intermittent mandatory ventilation (SIMV): Th is mode can provide minimal-to-moderate 
amounts of ventilatory support. Th e ventilator breaths, as determined by the set respiratory rate, are fully 
supported breaths. Th ese ventilator breaths deliver the set PIP or Vt and the set I

t
. All spontaneous breaths 

above the set ventilator rate only receive the set pressure support. As the set ventilator rate is weaned, the 
patient is forced to do more of the work of breathing. Should the patient tolerate a minimal rate without 
developing respiratory distress, she or he may be ready for extubation.

• Continuous positive airway pressure (CPAP): In this mode, no ventilator breaths are provided; only the 
CPAP or positive end-expiratory pressure (PEEP) and pressure support are set. Note that the amount of 
support provided is determined by the level at which the pressure support is set. With a minimal pressure 
support, this mode provides the minimal amount of support and the patient is forced to do all the work 
of breathing. Th is is an ideal mode to test for an adequate respiratory drive, particularly in patients with 
impaired neurologic status, either from an underlying disorder or from oversedation.

 TABLE 24-3

Common Terms in Mechanical Ventilation

Abbreviation Term Defi nition

PIP Peak inspiratory pressure Point of maximal airway pressure

PEEP Positive end-expiratory 
pressure

Pressure maintained in airways at end of 
exhalation

P Delta pressure Diff erence between PIP and PEEP

Vt Tidal volume Volume of gas entering patient’s lung 
during inspiration

I
t

Inspiratory time Duration of time in inspiration

E
t

Expiratory time Duration of time in expiration

MAP Mean airway pressure An average of the airway pressure 
throughout the respiratory cycle

R Rate Respiratory rate as set on the ventilator

PS Pressure support Th e amount of inspiratory pressure over 
the set PEEP that is supported with each 
spontaneous breath; provides a form of 
assistance to the patient

HFV High-frequency ventilation An unusual form of mechanical ventila-
tion that uses very small tidal volumes 
and very rapid rates
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A second method of dividing modes of ventilation is by the mechanism that the ventilator actually pro-
vides support for the patient.

• Pressure mode: In this mode, the operator sets the PIP and the machine determines the volume delivered 
to the patient based on the patient’s pulmonary compliance. As the patient’s compliance improves, the 
tidal volume delivered by the ventilator per breath will increase; conversely as compliance worsens, the 
tidal volume delivered decreases. Th is mode can be used both in AC or SIMV. Th e greatest advantage of 
the pressure mode is that it provides greater ventilatory support by using a decelerating fl ow pattern, and 
for stiff , noncompliant lungs, this is the preferred mode of ventilation. Th e disadvantage is that a minute 
ventilation is not guaranteed.

• Volume mode: Th e operator sets the tidal volume and the ventilator determines the pressure required 
based on the pulmonary compliance. As the compliance improves, the PIP required to deliver the set 
tidal volume decreases; conversely, as the compliance worsens, the PIP required increases. Th e volume 
mode can be used both in AC or SIMV. Th e advantage of the volume mode is that a minute volume is 
guaranteed. Th e drawbacks are that it cannot be used in a patient with a large leak around the ETT, and 
it is not optimal for poorly compliant lungs.

Finally, tracheal intubation and mechanical sup-
port can be associated with many complications, as with 
all procedures. Airway complications from mechanical 
ventilation include direct injury to the airway and the 
development of subglottic stenosis. Th e main pulmo-
nary complication of mechanical ventilation consists of 
ventilator-induced lung injury of which the culprits are 
volutrauma, barotrauma, and oxygen toxicity. Volutrau-
ma occurs due to the repetitive opening and closing of 
alveoli, particularly with exposure to high tidal volumes 
of greater than 10 mL/kg, causing shear stress and trig-
gering further infl ammation. Alveolar injury from ex-
posure to excessive pressures, that is, PIP greater than 
35 cm H

2
O, is defi ned as barotrauma (see Figure 24-2). 

Finally, constant exposure to high levels of oxygen, FiO
2
 

greater than 60%, can lead to oxygen toxicity from free 
radical production.

RESPIRATORY DISEASES THAT REQUIRE PEDIATRIC INTENSIVE CARE
Impending respiratory failure must be recognized and stabilized on a timely basis. Failing to do so can subject 
children to prolonged periods of hypoxemia and acidosis. Such conditions can cause neurologic damage or 
death. Th e primary respiratory pathologies that lead to PICU admission can be categorized according to several 
criteria: the specifi c anatomic sites that are aff ected; the specifi c age groups that are at risk; the specifi c symp-
toms (e.g., stridor, wheezing, tachypnea, or dyspnea) they produce; or specifi c etiologies. Understanding the 
anatomic relationships in the airways of children and how they diff er from those of adults leads to a recognition 
of how they predispose children to a unique array of airway diseases.

UPPER AIRWAY OBSTRUCTION

Pathophysiology
Upper airway obstruction can be a life-threatening event, especially because the severity of the situation may be 
overlooked by individuals unfamiliar with children. Disorders of the upper airway are far more common in children 
because of structural factors that make the child more vulnerable to infectious agents, allergens, foreign body aspi-
ration (small objects or foods such as peanuts, popcorn, and grapes), toxins, and traumatic injuries (Table 24-4).

Th e respiratory mechanism of the pediatric patient varies from the adult in both anatomy and physi-
ology. As a child grows, the airway enlarges and moves more caudally as the cervical spine elongates. Th e 
pediatric airway overall has poorly developed cartilaginous integrity, allowing for more laxity throughout 
the airway. Th is laxity can cause more airway collapse, that is, malacia, during periods of CNS depression as 

FIGURE 24-2. Graphic comparison of tracings from 
volume-cycled ventilation (peaked wave form) versus 
time-cycled ventilation (square wave form). In this 
example, the patient is administered the same tidal 
volume with both techniques. However, this is achieved 
with a lower airway pressure using the time-cycled, 
pressure-limited technique, which allows for a reduction 
of airway injury from barotrauma.
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may occur postanesthesia. Another important distinction is the narrowest point in the airway in adults is at 
the cords; whereas in children, it is below the subglottic space. An important aspect of the narrow airway in 
children is that resistance is signifi cantly increased. Th e formula for resistance is:

R � 8 (l / r4)
where R is resistance, l is length, and r is radius.

Th erefore, as the airway narrows secondary to infl ammation, the resistance dramatically increases as the ef-
fective radius is inversely proportionate to the radius to the fourth power. Th us, a small amount subglottic edema, 
as can occur with croup or from intubation, will signifi cantly increase the work of breathing for an infant. Th e 
most common presenting symptom in a child with airway obstruction is stridor, and this may be accompanied 
by alterations in respiratory rate and eff ort.

Differential Diagnosis
Th e most commonly encountered forms of severe upper airway obstruction are caused by infections. Acute croup 
syndromes may be caused by viruses or bacteria. Classically, croup (also known as acute laryngotracheitis) is 

 TABLE 24-4

Common Causes of Airway Obstruction

Infections

Viral croup

Epiglottitis

Supraglottitis

Tracheitis

Pharyngeal/peritonsillar abscess

Severe hypertrophy of tonsils or adenoids

Congenital

Webs

Vocal cord paralysis

Tracheomalacia or laryngomalacia

Subglottic stenosis

Vascular abnormalities (hemangiomas, vascular rings)

Acquired (Other than Infectious)

Trauma, either external or internal (e.g., subglottic stenosis)

Foreign body aspirations

CNS Disorders

Head trauma

CNS infections

Status epilepticus

Neuromuscular disorders

Drug-induced dysfunction (e.g., narcotics, anesthetics, tranquilizers)

CNS, central nervous system. 
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caused by viral agents such as parainfl uenza, infl uenza, or respiratory syncytial virus (RSV). Bacterial infections 
may produce either epiglottitis (Haemophilus infl uenzae, although now rare due to routine childhood immuniza-
tion) or bacterial tracheitis (Staphylococcus aureus). A syndrome of acute supraglottitis has also been described 
and is associated with viral illness. Viral croup syndromes are usually self-limiting and require very little in the 
way of PICU care. However, children with epiglottitis, tracheitis, or supraglottitis may require instrumentation 
of the airway in order to overcome the obstruction. Other serious causes of upper airway obstruction include 
severe tonsillar and adenoidal hypertrophy, acute tonsillitis, or a retropharyngeal abscess.

Foreign body aspiration is another major cause of upper airway obstruction in children, especially in 
young toddlers. Other common causes of airway obstruction include congenital anomalies of the airway, 
congenital defects of the tracheobronchial tree, vascular anomalies that produce extrinsic compression on the 
trachea or bronchi (vascular rings), and acquired problems such as neoplasm. Sometimes, these conditions 
produce only mild symptoms until an upper respiratory tract infection occurs, at which time severe obstruc-
tion may result.

Pediatric Intensive Care Unit Management
Children who present with acute airway obstruction should be continuously monitored for heart rate and O

2
 

saturation. Th ey should be maintained in a position of comfort; if stable and not in impending respiratory fail-
ure, this may be on the parent’s lap. An anesthesiologist and a pediatric surgeon or otolaryngologist should be 
notifi ed, and equipment for emergency airway access should be at the bedside. Oxygen or racemic epinephrine 
may be administered, and the patient should be frequently reassessed for signs of improvement or progressive 
decompensation. In patients progressing to respiratory failure, airway stabilization in a controlled fashion is 
preferred to an emergent uncontrolled situation.

Careful history taking is warranted, and if the history is appropriate for the aspiration of a foreign body 
(e.g., a toddler who eats peanuts and then coughs), the diagnostic and therapeutic procedure of choice is rigid 
bronchoscopy. Th is is usually performed under general anesthesia in the operating room. However, if the history 
is not defi nitive for foreign body aspiration or the symptoms are unusual, the clinician may wish to examine the 
airway at the bedside. Flexible fi beroptic bronchoscopy is ideal for this purpose and can help identify congenital 
airway anomalies such as hemangioma, subglottic stenosis (either acquired or congenital), tracheomalacia, or 
laryngomalacia, or may demonstrate a pulsatile mass resulting from a vascular ring producing extrinsic com-
pression of the airway.

A lateral radiograph of the neck region may assist in identifying a swollen epiglottis; however, it is im-
portant to minimize diagnostic procedures (e.g., blood drawing for arterial blood gases, intravenous injections, 
radiographs) until the patient’s airway is secured. A careful examination by an experienced physician should be 
performed so that the obstruction is not worsened. In children with suspected epiglottitis, attempting to visual-
ize the obstruction by direct laryngoscopy may lead to acute total airway obstruction. Such patients are usually 
taken to the operating room with either a pediatric surgeon or an otolaryngologist and an anesthesiologist pres-
ent in case intubation is not possible and a tracheostomy is required. Once they are intubated, such patients are 
brought to the PICU. Additional problems that need to be addressed in caring for these patients are the need 
for sedation and the possibility of associated pulmonary disease (e.g., pneumonia or pulmonary edema) or a 
systemic disease that may accompany infection. Chapter 10 provides more complete details on the clinical and 
laboratory fi ndings in children with croup and epiglottitis.

By the time many children with upper airway obstruction reach the PICU, a diagnosis has usually been 
made and the airway has been secured. Th ese children usually benefi t from positive pressure ventilation because 
of associated pulmonary disease. Patients with epiglottitis are usually intubated the shortest period (1 to 3 days). 
Th ose with viral croup and tracheitis may require 5 to 8 days of airway support. Bacterial infections require 
antibiotics directed against specifi c pathogens. Th e use of steroids for treatment of croup syndromes remains 
controversial. Once patients are extubated, racemic epinephrine is eff ective in reducing airway swelling that 
often accompanies the postextubation period.

In children with a peritonsillar or retropharyngeal abscess, surgical drainage of the abscess is required in 
addition to aggressive medical management with antibiotics. Some centers place an endotracheal tube prophy-
lactically to maintain the airway and prevent aspiration of infected contents.

In addition to oxygen and various medications used to reduce air edema (racemic epinephrine and ste-
roids), Heliox has been successfully used in pediatric patients. Heliox is administered as a 70% helium/30% 
oxygen mixture. Th e density of helium is less than that of nitrogen, so that at any given gas fl ow rate there is less 
turbulence. Th is improves gas exchange by lowering airway resistance and reducing the work of breathing.
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SMALL AIRWAYS AND PARENCHYMAL LUNG DISEASE

Pathophysiology
In this broad category of lung pathologies, the most common conditions are bronchiolitis, asthma, and pneu-
monia, each of which can produce signifi cant respiratory compromise (Table 24-5). Most infectious diseases of 
the airway are viral in nature, and most of the care required for these patients is supportive. When the clinician 
is able to diagnose a bacterial agent or a specifi c virus for which antiviral therapy is available (e.g., cytomegalo-
virus), specifi c therapy can be added to supportive measures.

Bronchiolitis is probably one of the more complicated acute pulmonary diseases encountered in the young 
child (see Chapter 9). Bronchiolitis is an acute infl ammation of the small airways that results in bronchoc-
onstriction via chemical mediators such as the leukotrienes (L4), increased mucous secretion, epithelial cell 
destruction, and edema of the airways. Bronchiolitis can produce small airway disease accompanied with severe 
wheezing similar to that in asthma. In addition, signifi cant parenchymal injury associated with the infection 
may exist; on chest radiography, this may be interpreted as pneumonia or atelectasis.

Differential Diagnosis
Bronchiolitis is predominantly a disease of infancy and is usually caused by viruses. Young infants are par-
ticularly susceptible because of small airway diameter, an unstable chest wall, the potential for fatigue of the 
respiratory muscles, and a very reactive pulmonary vascular bed. RSV, parainfl uenza, infl uenza, and adenovirus 
have been associated with this disease. RSV is probably the most common and usually produces epidemics of 

 TABLE 24-5

Types of Lower Airway Disease in Children
Infections

Bronchiolitis (RSV, parainfl uenza, infl uenza)
Pneumonia (viral or bacterial)

Allergic
Status asthmaticus

Foreign body
Usually food, but may be plastic toys

Vascular anomalies
Usually produce stridor, but may result in collapse of bronchus and produce atelectasis

Pulmonary edema
Cardiogenic pulmonary edema secondary to congestive heart failure in children with either congenital 
or acquired heart disease
Secondary to upper airway obstruction
Noncardiogenic pulmonary edema (ARDS)
After severe pulmonary injury or systemic illness
Neurogenic pulmonary edema following severe neurologic insult

Chronic disorders
Bronchopulmonary dysplasia
Cystic fi brosis

Aspiration
Swallowing disorders
Gastroesophageal refl ux
Esophageal abnormalities
Brainstem injury that results in poor cough and gag refl exes

ARDS, adult (or acute) respiratory distress syndrome; RSV, respiratory syncytial virus.
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severe bronchiolitis, typically in the winter months. Infants who are most at risk are those with underlying car-
diopulmonary diseases (e.g., congenital heart disease, bronchopulmonary dysplasia that is seen in graduates of 
neonatal intensive care units who have had severe lung disease) and immunocompromised children. Infants with 
bronchiolitis infrequently require hospitalization, and only a small percentage (3% to 7%) of those admitted to 
the hospital with bronchiolitis require intensive care.

Asthma is another severe form of reversible airway disease that may require admission to the PICU. Acute 
deterioration in asthmatic patients is often secondary to an allergen in the environment that produces a cascade 
of infl ammatory reactions resulting in increased mucus production, bronchiolar edema, and bronchoconstric-
tion (see Chapter 18). Th ese patients present with wheezing and dyspnea that are similar to the symptoms of 
bronchiolitis, but the patients are usually beyond infancy.

Other acute lung injuries that may necessitate care in the PICU are bacterial and other types of pneu-
monias; inhalation injuries (hydrocarbon, smoke); severe aspirations; and lung injuries following trauma. Th ese 
events can produce a very complex and severe infl ammatory response that results in a lung injury called the 
adult (or acute) respiratory distress syndrome (ARDS), which is the end product of a series of chemical reac-
tions that produce severe necrosis and both alveolar and interstitial disease. Although the mortality rate for 
pediatric patients with ARDS is improving, it remains quite high at 25% to 50%. Unlike the respiratory distress 
syndrome seen in neonates where hyaline membranes form as a result of an inability to manufacture surfac-
tant, hyaline membrane formation occurs despite adequate surfactant production in adult respiratory distress 
syndrome. Further details on the clinical and laboratory evaluation of patients with small airway disease can be 
found in Chapter 18.

Pediatric Intensive Care Unit Management
Supportive measures in children with small airway disease, such as bronchiolitis, include adequate hydration, 
oxygen therapy to maintain an arterial oxygen saturation of more than 90%, and bronchodilators to decrease 
airway resistance. Th e PaCO

2
 and pH must be monitored for evidence of impending respiratory failure. Patients 

who are retaining CO
2
 out of proportion to their ventilatory rate and eff ort may require endotracheal intubation 

(Table 24-6). Th e ventilatory requirements for these patients can be problematic because they may have both 
increased airways resistance secondary to severe small airway disease and decreased lung compliance secondary 
to alveolar disease. A slow rate and long expiratory time is the ventilatory strategy often used in these patients to 
facilitate lung emptying. If a degree of hypoxemia secondary to alveolar disease is noted, long inspiratory times 
are also implemented to recruit collapsed portions of the lung. Children often require sedation and possibly 
muscle relaxants in order to tolerate these ventilator settings.

Adjuncts to the previously described treatments include the use of aerosolized bronchodilators and the 
maintenance of fl uid and electrolyte balance. Albuterol, administered in both intermittent and continuous treat-
ment regimens, may provide some benefi t by decreasing small airway disease. Th e nutritional status of these 
children may also require careful attention. If infants do not tolerate enteral feeding, total parenteral nutrition 
is indicated.

 TABLE 24-6

Treatment of Respiratory Failure

Basic Interventions

• Oxygen by mask, tent, or nasal prongs: maintain oxygen saturation of �90%

• Hydration: if the patient is in respiratory distress, keep status of NPO

• Mechanical ventilation: indicated if the patient is apneic or has evidence of signifi cant respiratory 
distress or failure
PaCO

2
 �60–65 mm Hg

pH �7.25
PaO

2
 �60 mm Hg in an FIO

2
 �0.5

NPO, nothing by mouth. 
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Initial treatment of patients with status asthmaticus should include aggressive aerosolized bronchodila-
tor therapy with albuterol, usually continuous, and atrovent. Steroid therapy should be initiated early to either 
prevent or control the secondary infl ammatory phase. Other adjunct therapies to be considered include magne-
sium sulfate, terbutaline, aminophylline, and Heliox. Intubation should only be considered in asthmatic patients 
with either a depressed mental status or signifi cant progressive hypoxia. A careful search should be performed 
for causes of acute exacerbation in these patients (e.g., presence of intercurrent infections such as Mycoplasma 

pneumoniae). Because inspissated, tenacious mucus often contributes to the need for mechanical ventilation in 
asthmatic children, fi beroptic bronchoscopy may bring about dramatic improvement. Less invasively, DNAase 
may enhance the clearance of mucus.

Acute lung injury (ALI) and adult respiratory distress syndrome (ARDS) are the end result of an ag-
gressive infl ammatory process. Present scientifi c thinking suggests that the balance between proinfl ammatory 
mediators and anti-infl ammatory mediators is deranged. Th e infl ammation results in increased permeability 
of pulmonary capillaries and alveoli, a protein-rich pulmonary edema, surfactant depletion/inactivation, and 
ultimately (after 5 to 7 days) development of pulmonary fi brosis. Loss of pulmonary vasomotor tone occurs due 
to refractory hypoxemia resulting in mild pulmonary hypertension. ARDS is a heterogeneous process; that is, 
diff erent portions of the lung manifest varying degrees of disease.

Treatment of ARDS is primarily supportive with maintenance of adequate oxygenation, cardiac output, 
nutritional support, and prevention of secondary pneumonia, other infections, and ventilator-induced lung in-
jury. Th e initiating insult should be treated; for example, antibiotics for an infectious process. Ventilator-induced 
lung injury is prevented by lung protective strategies, which include the following:

• FiO
2
 less than 60% to avoid oxygen toxicity and use of high PEEP as required to improve oxygenation

• Maintain peak pressures of  less than 35 to 40 cm H
2
O or more to avoid barotrauma

• Target tidal volumes of 6 mL/kg to prevent volutrauma
• Allow for permissive hypoxia with saturations of 90% to 95% or PaO

2
 55 to 80 mm Hg, ensuring that 

end-organ oxygenation is maintained
• Allow for permissive hypercarbia maintaining a pH higher than 7.25

Th ese targets are often most easily accomplished by maintaining the patient on a pressure mode of ven-
tilation to prevent barotrauma. Th e generated tidal volumes should be closely monitored to ensure volumes of 
6 mL/kg. Nonconventional ventilation such as high-frequency ventilators have proven benefi cial particularly in 
pediatric patients. Other management strategies with some proven effi  cacy include prone positioning and ste-
roid use. Surfactant therapy and inhaled nitric oxide (NO) do not appear to have long-standing benefi ts. How-
ever, those patients who have a sustained response to NO may have better outcomes. Although extracorporeal 
membrane oxygenation (ECMO) has been used for rescue therapy in some patients with refractory disease, the 
outcomes are not encouraging.

Arterial and central venous catheters utilized for physiologic monitoring are often required. Th erapy for 
adult respiratory distress syndrome may also include the use of bronchoscopy to retrieve inspissated mucus and 
bronchoscopic washing to look for evidence of infection.

SHOCK

Pathophysiology
In children, cardiovascular compromise may have many causes (Table 24-7) that share the common denomina-
tor of supply, cardiac output, not meeting demand, oxygen, and substrate delivery to the tissues. Hypovolemia is 
probably the most common cause of shock in the pediatric age group. Th e next most common cause of shock is 
septic shock and, fi nally, cardiogenic shock.

Clinical signs and symptoms of shock vary depending on the degree of compensation. Compensated shock 
occurs when patients have been able to maintain adequate cardiac output through compensatory mechanisms 
that maintain the blood pressure within a normal range. Decompensated shock is said to occur when patients 
are hypotensive and acidotic. Hypotension is considered a late fi nding in pediatric patients and is often a sign 
of impending vascular collapse. If untreated, decompensated shock progresses to multisystem organ failure. 
Th erapy for shock is most eff ective when instituted in the early phases. Th e mortality rate in patients with shock 
increases as the patient progresses from compensated to decompensated shock to multisystem organ failure. 
 Irreversible shock results in cardiopulmonary failure progressing to subsequent cardiac arrest leading to death.
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Pediatric Intensive Care Unit Management
Th e keys to successful treatment of shock are rapid recognition, assessment for multiorgan involvement, 
and the institution of aggressive measures to avoid irreversible shock. Initial stabilization of any patient 
in shock involves assessing the ABCs: airway, breathing, and circulation. Vascular access must be obtained 
rapidly (Figures 24-3 and 24-4). Th is may involve an intraosseous catheter for initial fl uid administration 
(cautiously administered in patients with cardiogenic shock) until it is possible to insert a large-bore intra-
venous line. All patients should be placed on a cardiorespiratory monitor as well as a pulse oximeter, and 
oxygen should be administered. If patients do not respond to these initial measures, a fl uid bolus, vasoactive 
drugs, or both, should be administered. All of these eff orts are directed to support vital organ perfusion. 
Appropriate laboratory and diagnostic studies are conducted to determine the underlying cause, and spe-
cifi c therapy should be initiated as soon as an etiology is identifi ed. Initial laboratory studies often include 
a full chemistry panel, a complete blood cell count, coagulation studies, blood and urine culture, arterial 
blood gas, mixed venous saturation, if possible, and a lactate. Diagnostic studies should be tailored to the 
patient’s history and presentation; they may include chest X-ray,  echocardiogram, a full-trauma workup, or 

 TABLE 24-7

Common Causes of Shock in Children

Hypovolemic Shock

Vomiting

Diarrhea

Blood loss

Osmotic diuresis (e.g., diabetes)

Nephrotic states

Increased insensible loss (e.g., burns, heat stroke)

Distributive

Spinal cord injury

Anaphylaxis

Drug toxicity

Cardiogenic Shock

Congenital heart disease (especially left-sided obstructive lesions)

Cardiomyopathies

After open heart surgery with bypass

Myocardial ischemia

Sepsis

Barbiturate-induced coma

Mechanical ventilation eff ects on the myocardium

Tamponade

Trauma

Septic Shock

Sepsis (bacterial, viral, or fungal)
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other imaging studies as indicated. Along with treating the underlying etiology, other end-organ failures 
should also be adequately supported, that is, blood products for a patient in DIC or renal replacement 
therapy for patients with renal failure.

HYPOVOLEMIC SHOCK
Hypovolemic shock is the most common cause of shock in children. Loss of circulating blood volume is fol-
lowed by a series of cardiac and peripheral compensatory adjustments that attempt to restore blood pressure and 
perfusion to critical organs. Th e most common causes of hypovolemia in children are vomiting and diarrhea. 
Patients usually present with a history of fl uid loss (e.g., severe diarrhea). However, hypovolemic shock may also 
be a component of capillary leak as occurs with SIRS, and may be seen with severe trauma or overwhelming 
sepsis. Hypotension is a late fi nding in hypovolemic shock, as blood pressure can usually be maintained during 
rapid volume loss by an increase in systemic vascular resistance; however, this compensation is at the expense 
of normal cardiac output. It is not until an approximately 50% loss of circulatory volume that blood pressure 
decreases below acceptable standards.

Patients with compensated hypovolemic shock usually respond to a rapid bolus (20 mL/kg) of isotonic 
fl uids (normal saline or lactated Ringer solution). If a patient shows improvement, appropriate fl uid replace-
ment is warranted (see Chapter 4). On occasion, children may require signifi cant amounts of fl uid within the 
fi rst 4 hours of resuscitation (40 to 200 mL/kg have been reported) to restore vascular fi lling pressures and to 
maintain cardiac output.

If the fl uid losses surpass the compensatory ability of the body, decompensated shock occurs and children 
develop hypotension, tachycardia, and signs of organ hypoperfusion (decreased urine output, altered state of 
consciousness). Th is form of shock requires more aggressive support including the use of inotropic agents. Cen-
tral venous access is often established rapidly deliver fl uids, administer inotropes, and measure a CVP to assist 
in fl uid management.

Median
cubital vein

Cephalic vein

A

B

Dorsal
venous arch

Great
saphenous

vein

Basilic vein

FIGURE 24-3. Th e various sites commonly used for vascular access in the infant. (A) Veins of the upper extremity: the 
cephalic, basilic, and the median cubital veins. (B) Saphenous veins of the foot. (Continued)
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DISTRIBUTIVE SHOCK
Distributive shock results in inadequate tissue perfusion secondary to abnormalities in the distribution of blood 
fl ow to various organs. Distributive shock occurs following vasomotor paralysis, with increased venous capaci-
tance, and when physiologic shunts redistribute blood past capillary beds. Chemical mediators play an impor-
tant role in the pathogenesis of this complex phenomenon. Distributive forms of shock are seen in anaphylaxis 
and CNS (particularly spinal cord) injury. Th e alterations in hemodynamics in distributive shock are similarly 
complex. For example, life-threatening infections may be accompanied by depletion of intravascular volume 
secondary to a capillary leak phenomenon, combined with a marked decrease in cardiac contractility resulting 
from circulating toxins. Unlike other forms of decreased cardiac output where mixed venous oxygen saturation 
is decreased, in distributive shock, mixed venous oxygen saturation may actually increase, refl ecting the body’s 
inability to extract oxygen from the capillary bed.

Pediatric Pearl: The mixed venous oxygen saturation (MVO2) is generally a good index of 
the ratio of systemic oxygen supply and demand. However, in distributive shock, 
the mixed venous saturation may increase due to the decreased ability of the tissues to 
extract oxygen.
MVO2 normal value: 65% to 75%
MVO2 in cardiogenic shock: less than 65%
MVO2 in distributive (early septic) shock: greater than 75%
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FIGURE 24-3. (Continued)  (C and D) Femoral vein and its landmarks as well as the technique commonly used to 
insert a catheter. (E) Intraosseous catheter inserted in the tibia.
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Sternocleidomastoid muscle

External jugular vein
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External
jugular vein

30

30

Sternocleidomastoid muscle

Internal jugular vein

Internal
jugular vein

FIGURE 24-4. (A and B) Some sites used for central venous cannulation in the critically ill child. Th e veins of the neck 
include the internal jugular, subclavian, and external jugular.  (Continued)
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External
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30°

Subclavian vein

Clavicle

FIGURE 24-4. (Continued) (C and D) Techniques for the cannulation of some of these vessels.

Th e basic goals of treatment for distributive shock are the same as in the other forms of shock (i.e., to improve 
hemodynamics and avoid irreversible shock). Because patients may have both intravascular hypovolemia and altera-
tions in cardiac output, the clinician must focus on these alterations in developing a therapeutic plan. Hypovolemia 
secondary to capillary leak and the third spacing of fl uid requires volume replacement. Th e decrease in cardiac out-
put can be reversed with adrenergic inotropic agents such as dopamine, epinephrine, or dobutamine. However, as 
systemic vascular resistance is often very low in patients with distributive shock, an agent with greater �-adrenergic 
eff ects, such as norepinephrine, or pure �-adrenergic eff ects, such as phenylephrine, should be considered.

CARDIOGENIC SHOCK
Cardiogenic shock usually results from a disease process that decreases cardiac function (contractility), leading 
to poor cardiac output. Th e cause may be a dysrhythmia, a pericardial eff usion, a congenital heart defect, an acute 
infection that aff ects the myocardium (myocarditis), or one of the cardiomyopathies (see Chapter 13). Patients 
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who have undergone cardiac surgery using cardiopulmonary bypass may also develop transient cardiac dysfunc-
tion. Th is primary pump failure results in an inability to deliver oxygen and substrates to meet the metabolic 
demands of the body. Th ese patients have tachycardia, a metabolic acidosis, and cool extremities, as systemic 
vascular resistance is elevated. Th e mixed venous oxygen saturation obtained from a pulmonary artery catheter 
is usually below normal (less than 65%).

Th e treatment for cardiogenic shock is directed toward increasing cardiac contractility. Oxygen should be 
administered to correct systemic hypoxemia. Acidosis should be corrected, and although usually predominantly 
metabolic in nature, mechanical ventilation may be of help, particularly because it also reduces the oxygen de-
mands of breathing. Pharmacologic agents that increase cardiac contractility and reduce afterload are used to 
improve cardiac output (Table 24-8). Finally, temporary mechanical support of the circulation may be instituted. 
Venoarterial extracorporeal membrane oxygenation (ECMO) can be initiated on an urgent or emergent basis 
for patients experiencing acute cardiac collapse due to cardiac failure. A left ventricular assist device (LVAD), an 
external pump in which the infl ux is usually implanted in either the left atrium or left ventricle and in which the 
effl  ux is usually implanted in the aorta, can greatly augment cardiac output. Th e placement of this device is often 
anticipated and usually occurs in the controlled environment of an operating room. Patients requiring rapid 
support of their cardiac output are often initially placed onto ECMO as a “bridge” and then transitioned to an 
LVAD under more controlled conditions. Some LVAD devices are portable enough to allow easy ambulation. 
Th ese mechanical devices should only be used if there exists a reasonable chance for recovery (e.g., ECMO for 
“cardiac stun” after heart surgery) or as a bridge to transplantation (e.g., LVADs for dilated cardiomyopathy).

SEPTIC SHOCK
SIRS secondary to an infection causing hypotension refractory to fl uid resuscitation is defi ned as septic. Patients 
in early or “warm” shock have decreased systemic vascular resistance causing a distributive form. As the SIRS 
progresses, causing capillary leak, patients become hypovolemic. Eventually, the infl ammatory mediators depress 
myocardial function causing cardiogenic shock. Treatment of these patients involves early recognition, stabiliza-
tion of the ABCs, aggressive fl uid resuscitation with crystalloids, appropriate antimicrobial therapy, and initia-
tion of inotropic support as required. As with all other forms of shock, the end organs need to be adequately 
supported while the underlying infection and the secondary SIRS response run their course.

NEUROLOGIC INTENSIVE CARE
Examples of neurologic injury requiring intensive care include asphyxial injuries such as near-drowning or 
near-miss sudden infant death syndrome, CNS trauma, conditions resulting from status epilepticus, and 
coma after drug ingestions or from metabolic disorders Neurologic intensive care diff ers considerably from 
other forms of PICU management not only because failure may result in death, but also, survivors may persist 
in a vegetative coma state or have severe neurologic dysfunction due to either the primary etiologic event or a 
secondary brain injury.

Th e major focus of neurologic intensive care is to minimize the eff ects of the primary injury and to avoid 
secondary injury. In the initial assessment and management of children with a neurologic injury, the focus is on 
the ABCs of resuscitation (airway, breathing, circulation). After appropriate interventions have taken place to 
avoid hypoxemia and hypotension, a quick yet thorough neurologic examination is performed. For this purpose 
of rapid neurologic assessment, the Glasgow coma scale is a simple, reproducible tool that also has some prog-
nostic value. A score of less than 9 is suggestive of severe injury; these patients may require further imaging tests 
(CT or MRI), airway support and respiratory monitoring, and possibly ICP monitoring. Th e Glasgow coma 
scale can be used as a tool for repeated patient evaluations, both in the emergency room and in the PICU. Th e 
Glasgow coma scale is usually modifi ed when used to assess infants and toddlers. It is important to recognize 
that pharmacologic agents such as anticonvulsants, analgesics, or muscle relaxants used to facilitate intubation 
modify the neurologic assessment.

HEAD TRAUMA
Once patients have been stabilized and an initial neurologic assessment performed, further evaluation is made 
to determine whether a life-threatening situation requiring surgical intervention, such as an intracranial hem-
orrhage, exists. Th is evaluation is usually performed in collaboration with both a general surgeon and a neuro-
surgeon. Th e general surgeon is responsible for ensuring that intra-abdominal or intrathoracic lesions are not 
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 TABLE 24-8

Therapy for Shock

Volume Replacement

Crystalloids: Ringer lactate or normal saline

• Used to replace external fl uid losses (vomiting, diarrhea) or third spacing due to burns, injury, and sepsis

• 20–60 mL/kg may be required in the fi rst 1–2 hours

• Are relatively ineffi  cient volume expanders when compared with others with a higher oncotic pressure

• May move outside the vascular space within 30 minutes

Colloids: albumin 5%, fresh frozen plasma, blood, or limit dextrans

• 10–20 mL/kg

• Help to restore the vascular compartment faster, may provide for clotting factors and increased oxygen-
carrying capacity when blood is used

Inotropic and Afterload Reduction T herapy

• Oxygen, calcium, and correction of the acidosis

• Inotropic agents shift to a new position on the Frank-Starling curve

Drug Dose (μg/kg/min) Eff ects

Dopamine 2–5 Vasodilator, especially in splanchnic and renal vessels, pro-
motes diuresis

5–10 Increases inotropic state of heart; causes moderate tachycar-
dia and peripheral vasoconstriction

10–20 Produces both inotropic and chronotropic eff ects plus strong 
vasoconstriction

Dobutamine 1–10 Mostly inotropic activity; potent vasodilator

Epinephrine 0.05–0.2 Profound chronotropic and inotropic eff ects

�0.2 Vasoconstrictor

Norepinephrine 0.01–1.0 Potent vasoconstrictor with some inotropic eff ects

Phenylephrine 0.01–0.05 Potent vasocontrictor

Nitroprusside 0.05–4.0 Potent vasodilator used in hypertensive crises or as an after-
load reducer in cardiogenic shock

Milrinone 0.1–1.0 Positive inotrope especially in combination with a beta ago-
nist like dopamine, vasodilator

Nitroglycerin 0.05–4.0 Potent vasodilator; used in pulmonary hypertensive crises

PGE
1

0.05–0.1 Potent arterial dilator used in newborns to maintain patency 
of the ductus arteriosus in ductal-dependent cardiac defects; 
may be used as a pulmonary vasodilator

PGE1, prostaglandin E
1
.
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responsible for the patient’s altered mental condition. Th is evaluation is often aided by the use of head and body 
CT imaging. However, before patients are moved to the scanner, it is the pediatric intensivist’s responsibility 
to ensure that they are adequately oxygenated and ventilated as well as hemodynamically stable. While in the 
scanner, patients should be monitored to avoid the potential for secondary injury.

In children, most serious head injuries are nonpenetrating. Th ese result most often from falls, although 
“shaken baby syndrome,” a form of child abuse, can also produce signifi cant intracranial injury. Less than 25% of 
these traumatic injuries produce signifi cant intracranial hematomas that necessitate neurosurgical intervention. 
However, injuries may be so severe that small deep intracerebral hemorrhages occur secondary to the tearing of 
small blood vessels deep in the brain parenchyma. Rapid movement of the brain can also result in the shearing 
of axons, leading to diff use brain swelling. Th is injury is more common in children and may result in increased 
ICP and secondary brain injury.

INCREASED INTRACRANIAL PRESSURE
Depending on the cause of acute neurologic deterioration, diff erent approaches to PICU management may be 
indicated. If increased ICP is a potential problem, an ICP monitoring device should be placed by a neurosur-
geon. Children may be placed in a drug-induced coma to facilitate ventilatory management and to help reduce 
ICP. In this situation, continuous electroencephalogram (EEG) monitoring may be performed, allowing titra-
tion of medication to an electrical therapeutic end point.

Other specifi c neurologic management techniques to decrease ICP include hyperventilation (only in the 
acute period), fl uid restriction, raising the head of the bed, diuresis, osmotic agents, hypertonic saline, and ap-
propriate use of analgesics. Hyperventilation during acute episodes of increased ICP can be quite eff ective in 
quickly decreasing the cerebral blood fl ow and, in turn, the ICP. Th is strategy should only be used for short 
durations (e.g., several minutes), as prolonged hyperventilation increases the risk of cerebral ischemia.

Th e use of pharmacologic agents such as barbiturates, calcium channel blockers, and lidocaine to lower 
ICP are often necessary adjuncts to the care of these critically ill children. When using these agents, the clini-
cian must have a clear understanding of their signifi cant side eff ects, especially on the cardiovascular system. 
Although the results of various clinical and experimental studies do not demonstrate a clear neurologic benefi t 
from these agents, they do decrease ICP and are useful for that purpose.

Fluid management and diuretics are another important component in the treatment of increased ICP. 
Th e injured brain may develop a capillary leak syndrome due to local release of infl ammatory mediators and a 
propensity to retain fl uid, resulting in increased cerebral edema and signifi cant secondary injury. By decreasing 
total body water content and increasing serum osmolarity, a gradient is established between the intracellular 
compartment and the extracellular compartment that draws fl uid out of the cells, which thereby reduces the 
 potential for cerebral edema formation. Th us, patients should be fl uid restricted to 50% to 60% of maintenance if 
hemodynamically stable. Some patients may require inotropic support in order to maintain blood pressure in an 
appropriate range. Aggressive treatment for patients with increased ICP is continued until the pressure returns 
to the normal range for at least 24 hours. Th e clinician can then begin weaning the various treatments while 
monitoring the ICP closely. Th e ICP monitoring device is removed once the patient no longer requires it.

STATUS EPILEPTICUS
Status epilepticus (or just status) refers to the severest form of seizure activity lasting more than 30 minutes. 
Before a detailed workup, the intensivist must ensure that the ABCs of resuscitation are addressed. Children 
with severe status are at risk for losing patency of their airways and developing aspiration pneumonia or apnea. 
Other systemic complications of status epilepticus include blood pressure instability (early hypertension, late 
hypotension), hypoxia, hypercarbia, acidosis, hyperthermia, electrolyte abnormalities, and an increase in cerebral 
blood fl ow and cerebral oxygen consumption.

Once the emergency ABC assessments have been made, the intensivist then focuses on trying to stop the sei-
zure activity. Th is is most commonly accomplished with intravenous anticonvulsants such as diazepam or lorazepam. 
If the seizure continues, a longer acting anticonvulsant such as phenytoin or phenobarbital can be used. Phenytoin 
is very eff ective in controlling tonic–clonic seizures in children. However, it has a relatively low lipid solubility and 
therefore may take 10 to 30 minutes before an eff ect is seen. Fosphenytoin, which is less caustic to peripheral veins, 
should be administered when available. However, rapid administration of either can induce severe cardiac depres-
sion. Phenobarbital is the least lipid soluble of these agents and therefore has the slowest onset of action, although in 
status epilepticus its activity may be enhanced as a result of changes in blood pH and blood pressure.
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If the seizure activity persists despite the use of these agents, patients are admitted to the PICU and placed 
in a coma with pharmacologic agents. In this situation, the goal of therapy is to control the seizures and pre-
vent a secondary brain injury that can occur with a persistently elevated cerebral metabolic demand as in status 
epilepticus. Th e continuous infusion of pharmacologic agents used can be either pentobarb or Versed, although 
a “pentobarb coma,” is more commonly used. Should these agents fail, propofol or inhaled anesthetics can be 
considered. Th ese patients must be maintained on continuous EEG monitoring to ensure that all epileptiform 
discharge is being fully controlled. Th ese pharmacologic agents also have adverse eff ects on cardiovascular dy-
namics, and thus cardiac output needs to be monitored closely. Th erapy at this level usually requires the com-
bined expertise of a pediatric neurologist, an intensivist, and possibly a neurosurgeon. Th ese patients may require 
an ICP monitoring device if increased pressure is implicated in causing the seizures. Other agents that may be 
useful include intravenous lidocaine (1 to 2 mg/kg/h) or rectal paraldehyde (0.15 mL/kg of a 4% solution; how-
ever, paraldehyde is no longer available in the United States).
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PREOPERATIVE MANAGEMENT 
Th e principles of preoperative evaluation and management of children are similar to those of adults. Important 
diff erences are dictated by the age of the child, the condition prompting the operation, whether the operation is 
elective or emergent, and the presence of coexisting congenital anomalies or physiologic derangement.

ELECTIVE SURGERY
Th e most common elective surgical procedures in children are repair of inguinal hernia, orchiopexy, and myrin-
gotomy (placement of ear tubes) for chronic or recurrent otitis media. More than 70% of these procedures are 
currently performed on an outpatient basis. General anesthesia is used in all major and most minor procedures 
on children, unlike in adults. It is essential that preoperative evaluation focus on detecting conditions that in-
crease the risk of general anesthesia.

Clinical and Laboratory Evaluation
History

Th e clinician should obtain a complete history of previous problems with general anesthesia for both the patient 
and patient’s family members. Prematurity, especially with a history of apnea, presents a special concern because 
of the increased risk of postanesthetic apnea. Th e incidence of life-threatening apnea is greatest during the fi rst 
24 hours following general anesthesia, and mandates in-hospital respiratory monitoring for patients at high 
risk. Most authorities consider infants to be at high risk if they are (1) currently on home apnea monitors or 
(2) less than 52 to 60 weeks total conceptual age (gestational age at birth plus postnatal age). Recent or current 
upper respiratory infection also increases the risk of general anesthesia and should prompt delay of an elective 
procedure until the infection is clearly resolved.

Knowledge of a congenital cardiac defect is important for proper physiologic management as well as the 
opportunity to administer preoperative prophylactic antibiotics to prevent bacterial endocarditis. Obtaining a 
complete history of drug allergy or sensitivity is always extremely important. Specifi c inquiries of patients with 
myelodysplasia and congenital urinary tract malformation regarding sensitivity to latex is essential. Severe, po-
tentially fatal allergic reactions, or anaphylaxis, associated with latex are common in these patients.

Physical Examination

It is necessary to perform a careful, complete physical examination in an attempt to detect anomalies not yet 
clinically apparent that may compromise the performance of or recovery from the proposed operation. In addi-
tion to concentrating on the area of surgical interest, the physical examination should focus on cardiorespiratory 
function. In most cases, clinical evidence of upper respiratory tract infection (rhinorrhea, cough), particularly 
lower respiratory tract involvement (abnormal breath sounds, wheezing), should result in postponement of the 
procedure. Presence of a cardiac murmur discovered during a preoperative evaluation warrants a full cardiac 
evaluation (see Chapter 13). Prophylaxis against bacterial endocarditis (penicillin, ampicillin plus gentamicin) 
should be instituted based on the organisms likely to be encountered in the specifi c operative fi eld involved. 
In 2007, the American Heart Association revised the recommendations for antibiotic prohylaxis eliminating 
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the use for many previously recommended procedures (see Chapter 13). Prophylaxis is now recommended for 
 patients at highest risk for endocarditis (those with prosthetic valves or materials, previous infective endocardi-
tis, uncorrected congenital cardiac defects, or defects repaired with prosthetic material or residual defects).

Laboratory Evaluation

Th e need for routine laboratory studies is usually quite limited. In the past, most hospitals required every patient 
 entering the operating room to have a minimum of a complete blood count (CBC), urinalysis, and chest radiograph. 
A routine preoperative chest radiograph, in the absence of pulmonary or cardiac symptoms, is no longer  recommended 
because of the extremely low incidence of anomaly detection. Most centers no longer require mandatory laboratory 
examinations for elective operative procedures unless there is clinical suspicion of an abnormality. However, it is 
necessary to obtain a hematocrit if the patient appears anemic, and a type and cross-match if blood loss is possible. 
Preoperative autologous or directed blood donation may be appropriate if signifi cant blood loss is anticipated.

General Management
On the day of surgery, all centers require that patients refrain from ingesting solids or liquids for some time 
prior to the operation. Th is helps reduce acidity and volume of gastric contents in an eff ort to decrease the risk 
of aspiration during induction of anesthesia. In children, this time has been shortened to 6 to 8 hours for solids 
and 2 hours for clear liquids. If major gastrointestinal (GI) procedures are planned, most surgeons restrict oral 
intake for 8 to 12 hours prior to the operation. A bath with antibacterial soap the evening before the operation 
signifi cantly reduces bacterial colonization and the risk of infection. Hair removal is rarely necessary in children; 
if necessary, it should be performed with a hair clipper in the operating room.

EMERGENCY SURGERY
If the surgical condition is such that an elective operation is not possible, any physiologic derangement that 
increases the risk of general anesthesia or of the procedure itself should be corrected, provided that the proce-
dure is not unduly delayed. In patients requiring emergency surgery, attention must be directed at correcting 
hemodynamic, respiratory, GI, and metabolic derangements.

Hemodynamic Abnormalities
Hemodynamic abnormalities are usually the result of hypovolemia, primarily from loss of fl uid and occasionally 
from loss of blood. Correction of hypovolemia with isotonic fl uid or blood is critical to prevent cardiovascular 
collapse from the vasodilation that accompanies the administration of anesthesia. It is necessary to replace fl u-
ids, as in dehydration (see Chapter 4).

Respiratory Conditions
Newborns and young children are more dependent on diaphragmatic function for adequate ventilation than 
older children and adults. Support with supplemental oxygen may be warranted in patients with hemodynamic 
instability. Severe abdominal distention resulting from intestinal obstruction, ileus, or intraperitoneal fl uid may 
compromise respiratory status. Children may require intubation and assisted ventilation prior to surgery.

Pediatric Pearl: It is necessary to maintain a low threshold for assisted ventilation, particu-
larly in young infants.
Pe
lar

Gastrointestinal Dysfunction
GI dysfunction is nearly universal in seriously ill children regardless of whether the pathology is intra-abdom-
inal. It is necessary to institute nasogastric tube placement and suction early during resuscitation to reduce the 
risk of aspiration and respiratory embarrassment caused by intestinal distention. If the distention or condition is 
not severe enough to warrant a nasogastric tube, children should at least be given nothing by mouth if the need 
for urgent operation is a possibility.
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Metabolic Abnormalities
Metabolic abnormalities are primarily related to fl uid losses that result in hypokalemic alkalosis after repeated 
vomiting or metabolic acidosis secondary to hypovolemia. Fever can trigger seizure activity in young children 
and may rise precipitously with general anesthesia. It is necessary to attempt to control temperatures higher than 
38.5°C during the preparation for operation using either rectal acetaminophen or a tepid sponge bath. Other 
metabolic abnormalities may be due to associated medical conditions and may require substantial eff ort to cor-
rect without causing excessive delay of the operation.

POSTOPERATIVE MANAGEMENT: RESPONSES TO SURGERY

Stress Response
Th e considerations in managing children following an operation are similar to those in preoperative man-
agement with the caveat that they are superimposed on the background of a diff erent physiologic state (i.e., 
that of the stress response) (Figure 25-1). Th e concept of the stress response refers to the physiologic altera-
tions that follow signifi cant injury (accidental or operative) or severe infection. Studies over many decades have 
 documented the existence of the stress response in adults. Physiologic studies in newborns and young children 
have only recently confi rmed the occurrence of a similar response in young individuals, although it is clini-
cally apparent. Th e magnitude of this response is related to the magnitude of the injury and the severity of any 
 accompanying infection.

A constellation of events, including fever, pituitary and stress hormone elaboration, and increased acute 
phase protein synthesis, characterize the stress response (see Figure 25-1). Patients are “hyperdynamic” and cata-
bolic.  Increases in heart rate and blood pressure are due to an increased core temperature and elevated levels of 
catecholamines. Sodium conservation and water conservation are driving priorities that result in elevated levels of 
antidiuretic hormone, renin–angiotensin, and aldosterone. Increasing amounts of available fuel meet the increased 
metabolic demands, with elevation of corticosteroids and glucagon and decreased levels of and sensitivity to insulin.

Recognizing the stress response is important because the defi nition of “normal” parameters for heart rate, 
blood pressure, serum glucose, and urine volume must be interpreted based on the phase of the stress response. 
Modest elevations of blood pressure are likely due to a catecholamine surge–induced increase in peripheral vas-
cular resistance and should not be considered abnormal or a requirement for antihypertensive therapy. Similarly, 
serum glucose immediately after a major operation is commonly in the range of 250 to 300 mg/dL and falls 
naturally within 6 to 8 hours.
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FIGURE 25-1. Stress response. Overview of the neuroendocrine refl exes induced by shock and trauma. ECF,
extracellular fl uid. From Gann DS, Ameral JF: Th e pathophysiology of trauma and shock. In Th e Management of Trauma, 
4th ed. Philadelphia, WB Saunders, 1984, p 38.
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Hemodynamic Abnormalities
Hypovolemia, the most common hemodynamic abnormality in children following an operation, continues for 
some time following the procedure. Fluid loss, which occurs during surgery from exposure of the peritoneal or 
pleural surfaces, is usually of extracellular fl uid. Replacement with isotonic solutions is necessary. Urine volume, 
which is decreased as a result of elevated antidiuretic hormone, is no longer an adequate single monitor of in-
travascular volume status. It is necessary to monitor the heart rate, peripheral perfusion, acid–base status, serial 
hematocrit, and mental status all for proper volume assessment. Frequent physical examinations are crucial.

Pediatric Pearl: Hemodynamic parameters such as central venous pressure or pulmonary 
artery wedge pressure can supplement, but should never replace, a physical examination.
Pe
art

In the setting of severe sepsis or myocardial dysfunction, the use of inotropic drugs such as dopamine or 
dobutamine may improve hemodynamic performance. Clinicians should neither use these agents instead of or 
before adequate volume replacement nor should they use them solely to achieve a normal blood pressure. Ad-
equate tissue perfusion, not mean arterial blood pressure, is the major barometer of resuscitation.

Respiratory Response
In addition to any respiratory compromise imposed by the condition requiring operation, both general anes-
thesia and an abdominal or thoracic incision can further exacerbate respiratory dysfunction. General anesthesia 
produces respiratory ciliary paralysis lasting 24 hours or more. Th is ciliary dysfunction, combined with airway 
dehydration and decreased cough and respiratory excursion due to discomfort, impairs clearance of airway se-
cretions, leading to atelectasis and mucous plugging. Adequate analgesia, humidifi ed oxygen, respiratory eff ort, 
and mobilization minimize these problems. Prolonged eff ects of anesthesia, aspiration pneumonia, and hemo-
dynamic instability are the primary reasons for assisted ventilation in postoperative children.

In neonates, the primary indications for ventilatory support are (1) excessive abdominal wall tension result-
ing from closure of abdominal wall defects and (2) the risk of pulmonary hypertension associated with congeni-
tal diaphragmatic hernia. After a repair of abdominal wall defects, the decreased compliance resulting from the 
tight abdominal wall requires ventilatory pressures signifi cantly higher than would normally be necessary. As 
the abdominal wall gradually relaxes, the infl ation pressures can be returned to more standard levels to prevent 
hyperinfl ation or barotrauma.

Gastrointestinal Response
Paralytic ileus accompanies nearly every major operation in children. Th e duration of the ileus depends on the 
magnitude of intestinal dysfunction present preoperatively, the magnitude and type of operative procedure, and 
the presence of any intervening complications. Th e ileus characteristically resolves in the small bowel fi rst, then 
the stomach, and then the colon. Although a return of bowel sounds is an encouraging sign, the passage of fl atus 
and stool herald true resolution of the ileus.

Nasogastric decompression remains an important tool in postoperative management of children, especially 
young children who may swallow large amounts of air while crying or sucking on a thumb or pacifi er. Single-
lumen tubes off er the advantage of a large lumen, but can become obstructed by mucus or gastric mucosa when 
placed on continuous suction. For this reason, intermittent suction is preferred and patency can be maintained 
by frequent irrigation with a small volume of saline. Double-lumen or sump tubes are specifi cally designed for 
continuous suction, but the suction lumen size is limited because of the additional sump lumen, and they are 
particularly prone to obstruction. Any tube placed across the gastroesophageal junction increases the risk of 
gastroesophageal refl ux and aspiration. Th erefore, the tubes should remain in place only as long as necessary and 
should be kept maximally functional.

Metabolic or Nutritional Response
Th e postoperative neuroendocrine milieu produces predictable alterations in the metabolism of electrolytes and 
energy sources. Serum sodium falls as a result of increased antidiuretic hormone levels and sodium losses through 
the GI tract. Th is tendency is aggravated if excessive amounts of hypotonic fl uid are used for resuscitation or 
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maintenance fl uid. Serum glucose is predictably elevated immediately following an operation, but should fall 
within 6 to 8 hours. Normal amounts of glucose, 4 to 6 mg/kg/min, can be infused on return from the operating 
room in all but extreme cases. Insulin administration in nondiabetic children causes a precipitous fall in serum 
glucose and is dangerous in the immediate postoperative period.

Th e stress response is characterized by increased secretion of catabolic hormones. Presumably, this provides 
glucose and amino acids to the area of injury in adequate amounts. Th e body’s ability to induce positive nitrogen 
balance during the early recovery phase has commanded great attention. It is now well documented that adults 
and older children can be driven into positive nitrogen balance within 24 hours after surgery. What is not clear 
is whether this is desirable. Available studies in adults suggest that in previously well-nourished patients, the 
infectious complications of parenteral nutrition equal or outweigh any metabolic benefi ts. However, patients 
with signifi cant acute weight loss (20% to 25%) may benefi t from early nutrition. In previously well-nourished 
patients who are expected to ingest near-normal enteral calories by 7 days after the operation, the risks of 
 parenteral nutrition are probably not justifi ed.

COMMON PEDIATRIC SURGICAL CONDITIONS

ACUTE ABDOMINAL PAIN

Pathophysiology
Abdominal pain is classifi ed as visceral, somatic, or referred. Visceral pain fi bers are located in the muscular wall 
of the hollow viscera and in the capsule of solid organs. Th ey respond to changes in geometry, primarily stretch, 
and their threshold is lowered by infl ammation and ischemia. Visceral pain is transported via the autonomic 
nervous system and is perceived as dull, aching, or cramping. Because this pain is transmitted via bilateral fi bers 
of the sympathetic system, it is perceived in the midline. Th e location of the pain is related to the embryologic 
origin of the involved viscera. Structures of foregut origin produce epigastric pain, structures of midgut origin 
produce periumbilical pain, and structures of hindgut origin produce lower abdominal visceral pain.

Visceral pain from the hollow viscera is due to distention or disordered motility caused by intestinal 
obstruction, gastroenteritis, or ureteral or biliary calculi. Visceral capsules of the solid organs may be stretched 
by passive congestion or hemorrhage. Although visceral pain is usually the earliest sign of an intra-abdominal 
process, it is nonspecifi c and frequently associated with nonbilious refl ex vomiting.

Somatic pain is the type of pain that arises from the abdominal wall and parietal peritoneum. It is medi-
ated by the spinal nerves that innervate the abdominal wall and enter the spinal cord through the dorsal root 
ganglia. Somatic pain, which is stimulated by changes in pH or temperature that may accompany chemical or 
bacterial infl ammation, is sharp or pricking and generally constant. More localized than visceral pain, somatic 
pain is usually perceived in one of the four abdominal quadrants: right lower and upper and left lower and up-
per. To determine its cause, the clinician must be familiar with the organs located in each of the quadrants and 
their pathologic processes.

Referred pain is the term used when pain is perceived in an area of the body other than the site of its origin. 
It occurs because aff erent neurons arising from diff erent sites have shared central pathways. Irritation of the left 
hemidiaphragm (levels C3, C4, and C5) by blood from a ruptured spleen may be associated with pain in the left 
shoulder because of the somatic innervation of the shoulder by the same nerve roots. Knowledge of the patterns 
of referred pain can assist in diagnosis in cases with equivocal or confusing abdominal fi ndings.

In children, the most common cause of acute abdominal pain requiring surgical intervention is appendi-
citis (see Chapter 15). Obstruction of the appendiceal lumen by inspissated stool is the initial pathophysiologic 
event. Th is is associated with visceral pain perceived in the periumbilical region because of the midgut origin 
of the appendix. As the intraluminal pressure increases, the blood supply to the wall of the appendix is com-
promised, producing necrosis and eventual perforation. Infl ammation of the appendix progresses to involve the 
parietal peritoneum, which produces somatic pain in the right lower quadrant. Perforation with spillage of fecal 
material and bacteria results in generalized peritonitis with diff use abdominal pain and toxemia.

Clinical and Laboratory Evaluation (Figure 25-2)
History

Th e duration, location, and intensity of abdominal pain are essential features of the history. Colicky pain is 
usually due to hyperperistalsis (e.g., in intestinal obstruction or attempted passage of ureteral or biliary calculi). 
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Constant pain is usually visceral in origin. Location of the pain is helpful in narrowing the diagnostic possi-
bilities, particularly with somatic pain. If pain is localized to one quadrant of the abdomen, the organs in that 
quadrant and their disease processes determine the likely diagnosis. Vomiting preceding the pain, especially in 
association with diarrhea, favors gastroenteritis over appendicitis. Vomiting associated with early appendicitis is 
refl ex in nature and usually follows the onset of pain. Appendicitis proceeds to perforation within 72 hours of 
onset of symptoms; therefore, visceral pain lasting longer than 3 days is rarely due to appendicitis. Progression 
of the pain from a periumbilical to a right lower quadrant location is classic for appendicitis. It represents the 
progression from visceral to somatic pain, a progression highly suggestive of a surgical condition.

In evaluating children with abdominal pain, it is important to question patients or parents specifi cally 
about symptoms related to other abdominal organ systems (genitourinary, hepatobiliary, pancreatic). Flank pain, 
dysuria, urethral discharge, menstrual cycle, or menstrual abnormalities are important historical points.

Diarrhea may be a symptom of viral gastroenteritis; infl ammatory bowel disease; or, occasionally, ap-
pendicitis. In gastroenteritis or infectious enterocolitis, diarrhea is frequent, large in volume, and foul smelling. 
Children with appendicitis may have frequent, small-volume loose stools as a result of irritation of the sigmoid 
colon from the infl amed appendix.

Knowledge of preexisting conditions is also important because other nonsurgical conditions such as sickle 
cell disease and porphyria can cause abdominal pain. Nephrotic syndrome is associated with a signifi cant inci-
dence of abdominal pain from primary bacterial peritonitis requiring antibiotics, but not surgery.

Physical Examination

Inspection of the patient and the abdomen reveals important diagnostic clues. Appendicitis with local or gen-
eralized peritonitis causes the child to lie still, frequently with the thighs fl exed and the knees elevated. Move-
ment increases the pain because of the infl amed peritoneum and abdominal wall. Colicky pain associated with 
intestinal hyperperistalsis or ureteral or biliary obstruction causes the child to writhe in agony and frequently 
assume a knee–chest position in an attempt to minimize the discomfort. It is essential to interpret the results of 
auscultation, an important part of the abdominal examination, in light of the clinical context. Bowel sounds are 
categorized according to frequency and pitch. Hyperactive bowel sounds are related to hyperperistalsis as seen in 
gastroenteritis or the early stages of appendicitis. Hypoactive bowel sounds indicate decreased peristalsis, which 
is typical for paralytic ileus associated with sepsis or the peritonitis resulting from a perforated appendix.

Palpation is frequently the most important portion of the abdominal examination. Th e goal of palpation is 
to detect direct tenderness associated with infl ammation of the abdominal wall and peritoneum. It is important 

Abdominal pain

Surgical Nonsurgical

Diagnosis definite

History-physical examination

Diagnosis uncertain

CBC, UA, amylase

X-ray abdomen

Ultrasound, BE

Repeat examination

FIGURE 25-2. Flow diagram for diagnostic evaluation of 
children with acute abdominal pain. BE, barium enema; CBC, 
complete blood count; UA, urinalysis.
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to gain the child’s confi dence with a slow, cautious manner. Distracting the child with conversation while the 
examining hand gently palpates each quadrant is a useful strategy. Resistance of the abdominal wall muscles to 
palpation signifi es irritation of the parietal peritoneum from underlying infl ammation. Rebound tenderness 
refers to pain elicited by induced movement of the abdominal wall. Th e most sensitive method of detecting 
rebound tenderness is by gentle percussion in each quadrant.

Pediatric Pearl: The combination of direct and rebound tenderness is a powerful indica-
tion of an underlying infl ammatory process, usually one that requires surgical intervention.
Pe
tio

Rectal or pelvic examination is necessary to complete the physical evaluation of abdominal pain. Th e 
information gained by rectal examination includes the presence or absence of fecal impaction or constipation, 
rectal wall tenderness, and a palpable mass in the right perirectal fossa or adnexal regions. In sexually active girls, 
the pelvic examination is directed at detecting adnexal masses or evidence of sexually transmitted diseases that 
cause pelvic infl ammatory disease. Prepubertal girls may have an imperforate hymen, producing abdominal pain 
when the initial menses accumulates in the vaginal and endometrial canals. Th is condition manifests as a bulging 
hymen with blood behind it.

Laboratory Evaluation

Laboratory studies often are not helpful in establishing the diagnosis of appendicitis. However, they are impor-
tant in excluding other conditions that may mimic appendicitis or other acute surgical conditions. A CBC is 
routine. An elevated white blood cell (WBC) count with a left shift neither confi rms nor excludes appendicitis. 
In fact, appendicitis commonly occurs in the face of a normal WBC count. Anemia, especially microangiopathic 
anemia with thrombocytopenia, is highly suggestive of hemolytic-uremic syndrome, which may manifest as 
severe abdominal pain (see Chapter 20, Acute and Chronic Renal Failure). Similarly, sickle cell anemia is as-
sociated with abdominal pain resulting from visceral infarctions or abdominal pain crises. Th rombocytosis may 
be a sign of Henoch-Schönlein purpura (see Chapter 20).

Urinalysis is crucial if urinary symptoms are present or if the pain is lateral or fl ank in location. Appen-
dicitis may be associated with a mild pyuria or hematuria of 20 to 30 cells/high power fi eld but should not be 
associated with bacteriuria. Proteinuria and microscopic hematuria are found frequently in hemolytic-uremic 
syndrome and Henoch-Schönlein purpura. Serum amylase and liver function tests are appropriate in children 
with abdominal trauma or if the pain is epigastric or radiates to the back.

Radiography is not necessary if a diagnosis is secure on the basis of the history and clinical examination. If 
the diagnosis is in doubt, plain abdominal radiographs, ultrasound, computed tomography (CT), or, occasionally, 
a barium enema may be helpful. It is appropriate to evaluate supine and upright fi lms of the abdomen for severe 
constipation, fecalith, ileus or small bowel obstruction pattern, and pneumoperitoneum. Calcifi ed fecaliths are 
present in 20% of children with appendicitis. Pneumoperitoneum is rare. Ultrasound has been used to augment 
clinical examination with good reliability. However, because the results must be interpreted with clinical suspi-
cion, false-positive and false-negative rates are approximately 10%. Ultrasound is particularly helpful in girls in 
whom tubo ovarian anomalies may simulate appendicitis and in young children with perforated appendicitis. 
Rapid CT with “triple contrast” (enteral, intravenous, rectal) has accuracy rates equal to skilled ultrasonography 
and is used in many centers in preference to ultrasound. With the improvements in ultrasonography and CT, 
a barium enema is rarely needed in diagnosing appendicitis but is helpful, particularly in cases of infl ammatory 
bowel disease.

Pediatric Pearl: It is necessary to obtain plain radiographs of the chest if children have a 
history of cough or signifi cant upper respiratory infection. Right lower lobe pneumonia is a 
well-known cause of abdominal pain that is sometimes strikingly similar to appendicitis.

Pe
his
we

Differential Diagnosis
Th e diff erential diagnosis of acute abdominal pain includes a number of conditions (Table 25-1). It is critical 
to distinguish between conditions that require a surgical solution and those that resolve spontaneously or with 
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nonoperative measures. Most children with acute abdominal pain are ultimately labeled as suff ering from gas-
troenteritis or abdominal pain of unknown origin. Appendicitis is the most common surgical condition produc-
ing abdominal pain in children.

Occasionally, after the initial examination and laboratory and imaging studies, diagnosis of the abdominal 
pain is still uncertain (see Figure 25-2). In such cases, the most reliable method of excluding a surgical condition 
involves admission for intravenous hydration and serial examination by the same observers. Progression of pain, 
especially with the development of direct abdominal tenderness and muscular rigidity, is the most reliable indi-
cator of a process requiring operative treatment. Resolution of pain and resumption of oral intake while under 
observation are the most reliable signs that the child is not in need of surgery.

Management
Conditions that require operative therapy include appendicitis, Meckel diverticulitis, and torsion of the ovary 
or omentum. Removal of a nonperforated appendix may involve conventional laparotomy or laparoscopic tech-
niques. Perioperative antibiotics are usually warranted, although there is some controversy as to their necessity. 
Recovery from the associated ileus is usually prompt, and in most children, discharge follows 1 to 2 days after 
the operation. Perforated appendicitis is much more complicated, requiring 5 to 7 days of broad-spectrum anti-
biotics. A prolonged ileus requiring nasogastric suction and intravenous hydration may be necessary. Drains are 
used for well-formed abscesses and, in some centers, for all children with perforated appendicitis.

Meckel diverticulitis, which is clinically indistinguishable from appendicitis, requires resection of the in-
volved intestine followed by anastomosis. Again, nasogastric suction and intravenous hydration are necessary 
for 2 to 5 days along with antibiotics. Recovery from resection of an infarcted ovary or segment of omentum is 
similar to that seen after surgery for nonperforated appendicitis.

INTESTINAL OBSTRUCTION

Pathophysiology
Propulsion of food and liquids through the GI tract requires coordinated peristalsis and adequate lumen size. 
Disordered peristalsis and intrinsic or extrinsic narrowing of the lumen may produce similar symptoms, specifi -
cally vomiting, abdominal distention, pain, and absence of fl atus or stool. Disordered peristalsis, as in paralytic 
ileus or intestinal dysmotility, is considered a functional obstruction, whereas narrowing of the lumen from any 
cause is considered a mechanical obstruction. Intraluminal obstruction may result from abnormally thick meco-
nium in newborns, enteric contents in patients with cystic fi brosis, or a bezoar of organic or inorganic objects 
ingested by patients with severe neurologic abnormalities.

Intestinal obstruction is classifi ed as complete or incomplete; the distinction is based on a combination of 
clinical and radiographic criteria. Complete obstruction is evident by the lack of fl atus or stool and radiographic 
absence of intestinal gas beyond the point of obstruction. Incomplete obstruction is marked by continued 
passage of fl atus or stool and by radiographic evidence of gas beyond the obstruction. Intestinal obstruction 
is also classifi ed according to location (small bowel versus colonic) and etiology (i.e., adhesive, intussusceptive, 
malignant). Symptoms relate to the level of obstruction and its completeness. Patients with obstructions of the 

 TABLE 25-1

Most Frequent Causes of Abdominal Pain in Children by Age Group

Preschool School Age

Gastroenteritis Gastroenteritis

Appendicitis Appendicitis

Intussusception Ovarian cyst/torsion

Hemolytic-uremic syndrome Henoch-Schönlein purpura

Pneumonia Infl ammatory bowel disease
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stomach, duodenum, and upper jejunum present with vomiting early after the obstruction occurs with little, if 
any, abdominal distention. Patients with obstruction of the lower small bowel and colon present with delayed 
onset of vomiting and prominent distention.

Once established, intestinal obstruction results in pooling of secretions and fl uid in the intestinal lumen, 
intestinal wall, and peritoneal cavity. Fluid loss may be dramatic and consists of losses from the extracellular 
compartment. In many types of intestinal obstruction, especially if the obstruction is complete, vascular supply 
to the intestine is compromised. Initially this is due to venous congestion but can proceed to arterial insuf-
fi ciency with intestinal necrosis and perforation if not relieved within a few hours. In the absence of vascular 
compromise, an untreated intestinal obstruction produces progressive intestinal dilation and fl uid loss.

Clinical and Laboratory Evaluation
History

In evaluating children with possible intestinal obstruction, specifi c attention should be focused on the GI sys-
tem. Specifi c aspects of vomiting are important, including onset, frequency, and whether the vomitus is bilious 
or nonbilious. Obstruction of the stomach or duodenum proximal to the ampulla of Vater results in nonbilious 
vomiting, whereas all obstructions distal to the ampulla are accompanied by bile-stained emesis. Bile staining, 
which frequently signifi es a mechanical obstruction or severe paralytic ileus, is generally considered to suggest 
a surgical condition until proven otherwise. Pain from intestinal obstruction is crampy and midline as a result 
of the distention and increased peristalsis. Th e progression of pain in severity and frequency, especially if it is 
localized, is suggestive of intestinal ischemia.

A history of stooling pattern is helpful, particularly in newborns. Meconium is fi rst passed within 24 hours 
of birth in 95% of normal infants. Failure to pass meconium in the fi rst 24 hours is highly suggestive of an 
 obstruction, in particular, Hirschsprung disease.

Pediatric Pearl: Even after an intestinal obstruction becomes complete, stool and fl atus 
may continue to pass as a result of evacuation of the bowel distal to the obstruction. 
Therefore, the passage of stool or fl atus cannot be used to date the onset of obstruction or 
to exclude obstruction.

Pe
ma
Th

Fever is unusual in the absence of intestinal perforation and may suggest an alternate diagnosis such as 
gastroenteritis or urinary tract sepsis. Other non-GI symptoms can help identify the abdominal symptoms as 
secondary fi ndings resulting from a paralytic ileus. History of previous abdominal surgery is extremely impor-
tant. Th e illness that prompted the initial procedure may recur, or adhesions that form after the initial procedure 
can cause obstruction.

With possible obstruction in neonates, it is necessary to explore the maternal history for evidence of poly-
hydramnios (increased amniotic fl uid volume), which is associated with obstruction of the upper jejunum and 
proximal GI tract. A history of anomalies such as cystic fi brosis or Hirschsprung disease in siblings should alert 
the clinician to the possibility of these or associated conditions. A history of congenital heart disease, especially 
those with abnormal visceral–atrial situs, can be associated with malrotation.

Physical Examination

General inspection yields important information regarding hydration status and systemic toxicity. In newborns, 
evidence of genetic or developmental anomalies should be specifi cally sought. Infants with Down syndrome 
have an increased incidence of Hirschsprung disease and duodenal atresia, and those with other syndromes may 
also have an increased risk of GI anomalies.

Inspection of the abdomen should focus on the presence or absence of distention, visible discoloration, or 
evidence of previous operations. Abdominal distention in intestinal obstruction is due to multiple dilated loops 
of small bowel or colon and generally signifi es obstruction of the mid-small bowel or beyond. In small children 
in whom the abdominal wall is thin, erythema frequently heralds the presence of underlying peritoneal infl am-
mation; this condition is seen earliest in the midline and lateral to the rectus muscles where the abdominal wall 
is thinnest.

Auscultation of bowel sounds is an essential part of the examination. High-pitched sounds of increased 
frequency are the classic fi ndings of intestinal obstruction. Decreased frequency of bowel sounds or a silent 
abdomen is found in children with paralytic ileus or obstruction complicated by intestinal ischemia.
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Palpation of the abdomen should focus on the detection of abdominal wall tension or resistance, or the 
presence of palpable loops of bowel or abdominal masses. A sausage-shaped mass in the right upper quadrant or 
epigastrium may be palpable in early cases of intussusception before marked distention of the small bowel oc-
curs. In infants with suspected pyloric stenosis, careful palpation of the upper abdomen should reveal a palpable 
olive-sized mass in 80% of patients with this condition. Th e infant must be relaxed, which can be facilitated by 
a pacifi er and fl exing the thighs.

Pediatric Pearl: The technique of sham feeding is especially effective in allowing deep 
palpation. After placement of a nasogastric tube, the infant is allowed to take Pedialyte 
or glucose water from a bottle while an assistant aspirates the stomach with a syringe. 
This technique quiets the infant, relaxes the abdominal wall, and keeps the stomach from 
distending.

Pe
pa
or

Th e characteristic “olive” is transverse in orientation, mobile, 1 to 2 cm in length, and located in the epigas-
trium or right upper quadrant. If an “olive” is palpable, no further diagnostic studies are necessary.

Examination of the groin is essential; inguinal hernia is the single leading cause of intestinal obstruction in 
children. It is necessary to examine children for hernias from the side, with the testis grasped in the examiner’s 
dominant hand, unlike in adults. Th e fi ngers of the nondominant hand are used to palpate the spermatic cord at 
the level of the pubis. Th e presence of bowel or fl uid in the hernia sac produces a thickened spermatic cord. Th e 
distinction between fl uid and intestine is usually straightforward, but diffi  cult cases may be aided by transillumi-
nation of the scrotum or, in small infants, bimanual examination of the internal ring with a digit in the rectum.

Rectal examination itself may be diagnostic, as in the case of imperforate anus, where the absence of 
a communication or the presence of a dimple makes the diagnosis. Typical rectal examination fi ndings in 
Hirschsprung disease are absence of a rectal vault and a snug feel to the examining digit. Large pelvic masses 
may produce rectal obstruction and be easily palpated by rectal examination. Occasionally, the intussusceptum 
(invaginated bowel) of an intussusception is palpable as a rectal mass; these rarely prolapse through the anus.

Laboratory Evaluation

Laboratory studies in children with an intestinal obstruction should focus on detecting complications such as 
dehydration and sepsis. A CBC with a diff erential and platelet count is usually warranted to exclude complicat-
ing anemia or a left shift that raises the suspicion of intestinal ischemia or associated sepsis. A right shift pro-
ducing lymphocytosis may suggest severe gastroenteritis, simulating obstruction. Serum electrolytes and renal 
function are important in identifying electrolyte abnormalities, such as hypokalemic alkalosis, from recurrent 
vomiting. Azotemia and acidosis from intravascular volume depletion are common complications of intestinal 
obstruction.

Radiographic studies help identify the cause of obstruction. Workup should begin with plain radiographs 
of the abdomen obtained in two or three views. In addition to a supine fi lm, a fi lm in the upright or lateral de-
cubitus position is necessary to identify air-fl uid levels and to detect a small pneumoperitoneum from possible 
perforation. In newborns, a lateral view with the patient prone or held upside down may help demonstrate air in 
the rectum in cases of imperforate anus or suspected Hirschsprung disease.

In most instances, the diagnosis is not obvious from plain radiographs, and a contrast study, usually a 
contrast enema, is necessary. If meconium ileus or its postneonatal equivalent is suspected, the enema should 
be performed with a water-soluble contrast agent. Th e contrast material can break up the thickened enteric 
contents due to its hyperosmolarity, which causes movement of water into the intestinal lumen. In cases of 
gastric outlet or duodenal obstruction, injection of air through the nasogastric tube may be as helpful as injec-
tion of radiopaque contrast. Ultrasound has been very helpful in confi rming the diagnosis of pyloric stenosis in 
infants without palpable masses. More complex imaging studies are rarely, if ever, necessary in the evaluation of 
intestinal obstruction.

Differential Diagnosis
Th e diff erential diagnosis of intestinal obstruction in children is highly dependent on age and symptoms 
(Table 25-2). In newborns, the combination of history, physical examination, and plain radiographs of the 
chest and abdomen can make the diagnosis quite certain. A contrast enema is usually performed to confi rm 
the diagnosis or to exclude additional atresias or anomalies.
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 TABLE 25-2

Causes of Intestinal Obstruction in Children by Age Group

Newborn Infants Children

Inguinal hernia Inguinal hernia Inguinal hernia

Hirschsprung disease Intussusception Adhesions

Atresia Malrotation Meconium ileus equivalent

Malrotation Duplication Appendicitis

Meconium ileus Appendicitis

Imperforate anus Pyloric stenosis

Management
Diagnosis and treatment should proceed simultaneously. Systemic derangements of hydration, electrolytes, and 
sepsis are urgent priorities. Both nasogastric suction and intravenous resuscitation with an isotonic solution such 
as normal saline or lactated Ringer solution should begin promptly. Clinical evidence of dehydration and hypo-
volemia after evaluation of skin turgor, peripheral perfusion, mental status, and urine volume may warrant bolus 
infusions of 10 mL/kg. It is necessary to initiate broad-spectrum antibiotics because of the risk of translocation 
of bacteria and systemic sepsis, even in the absence of intestinal infarction.

Th e diagnosis and degree of obstruction determine the defi nitive therapy. Most obstructions from postop-
erative adhesions resolve with nasogastric suction, fl uid replacement, and nutritional therapy. Th is is especially 
true if the obstruction is incomplete and it is early in the postoperative period. Complete obstructions from 
postoperative adhesions usually require operative treatment.

Initial treatment of obstructions from incarcerated inguinal hernias involves manual reduction of the 
hernia in addition to general resuscitative measures. It is rare that incarcerated hernias are truly irreducible 
in children. After reduction of the hernia, monitoring infants for evidence of intestinal injury and continued 
obstruction is necessary. Hernia repair is appropriate when patients have stabilized and intestinal and scrotal 
injuries have resolved.

Pyloric stenosis is frequently associated with signifi cant hypokalemic alkalosis. Preoperative preparation 
should concentrate on adequate potassium replacement, which is determined by serum concentrations of potas-
sium and chloride. A low serum chloride level with an elevated bicarbonate level indicates persistent potassium 
depletion regardless of the serum potassium level. Division of the hypertrophied muscle (pyloromyotomy) is all 
that is required to relieve the obstruction; it produces excellent results. Entry into the lumen of the pylorus is 
infrequent but can be disastrous if not recognized and repaired at the time of surgery.

Th e usual treatment for imperforate anus and Hirschsprung disease is a temporary colostomy followed 
by defi nitive reconstruction at the age of 12 to 18 months. Intestinal atresias and malformations such as du-
plication require limited intestinal resection with primary anastomosis. Malrotation and adhesive obstructions 
require lysis of adhesive bands and resection only if segments are nonviable.

Meconium ileus is a special circumstance. If it is not complicated by intestinal ischemia and is recog-
nized on contrast enema, nonoperative relief with enemas of hyperosmolar contrast agents may be appropriate. 
 Refl uxing these agents into the dilated segment of intestine allows for the mixing of the agent with the abnor-
mally thick meconium; this can result in a change in the consistency of the meconium so that it can pass through 
the colon and resolve the obstruction. It is not unusual for repeat administrations of the agent to be necessary. 
If these attempts are unsuccessful, operative therapy should consist of attempts to milk the material into the 
colon by injecting Gastrografi n or N-acetylcysteine into the lumen. Resection is appropriate only if the bowel 
is nonviable. Because these patients (who most likely have cystic fi brosis) will have diffi  culty with absorption in 
the future, limited resection is necessary.

Pediatric Pearl: Meconium ileus in newborns is strongly suggestive of cystic fi brosis.Pe
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Meconium ileus equivalent is the term applied to the same type of obstruction occurring in older children 
with cystic fi brosis. It is very common in these patients. Relief usually involves nonoperative methods. However, 
other conditions that require operation (adhesions, intussusception) may also occur and warrant consideration 
in the diff erential diagnosis.

ABDOMINAL MASS

Pathophysiology
Most abdominal masses in children produce few, if any, symptoms other than the presence of the mass itself. 
Th e exceptions are unusually large tumors that produce respiratory compromise if they are located in the upper 
abdomen or produce rectal or bladder obstruction if they are located in the pelvis. Vascular tumors that trap 
platelets or produce congestive heart failure are usually confi ned to the liver. Some tumors may produce symp-
toms as a result of secretion of hormones: Neuroblastomas may produce vasoactive intestinal peptide, resulting 
in watery diarrhea; Wilms tumors may be associated with hypertension caused by renin production; and pheo-
chromocytomas cause episodic hypertension and diaphoresis as a result of catecholamine excess. Th e GI masses 
associated with pyloric stenosis, intussusception, or intestinal duplication are usually overshadowed by the GI 
obstructive symptoms (see Intestinal Obstruction).

Clinical and Laboratory Evaluation (Figure 25-3)
History

Maternal history and careful questioning regarding GI function are important in evaluating newborns with 
an abdominal mass. Polyhydramnios (increased amniotic fl uid volume) is often associated with high-level in-
testinal obstruction, and oligohydramnios (decreased amniotic fl uid volume) is associated with impaired renal 
function. In older children, abdominal pain and vomiting usually indicate that the mass is GI in origin, whereas 
hematuria obviously directs attention toward a renal lesion. A history of unusual eye movements (opsoclonus–
myoclonus) suggests the presence of a neuroblastoma.

Abdominal mass

CT, MRI

Solid Cystic

Abdominal x-ray

History-physical examination

Imperforate hymen

GI obstruction

Ultrasound

Renal scan GI contrast

GI contrast

Hepatobiliary scan

FIGURE 25-3. Flow diagram for the diagnostic evaluation of children with an 
abdominal mass. CT, computed tomography; GI, gastrointestinal; MRI, magnetic 
resonance imaging.
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Physical Examination

Location of the mass is the most important piece of information obtained from a careful abdominal and rec-
tal examination (Figure 25-4). Upper abdominal masses are related to the liver, spleen, adrenals, or kidneys. 
 Bilateral fl ank masses are almost always renal (e.g., those seen in polycystic disease). Midline lower abdominal 
masses are likely to be related to the bladder, vagina, ovaries, or retroperitoneum. In small children with palpable 
masses, transillumination may off er quick reassurance that the lesion is cystic.

General examination should specifi cally look for subcutaneous nodules, periorbital ecchymosis, 
 superfi cial hemangiomas, and jaundice. Pallor and weakness suggest systemic disease and tachypnea,  whereas 
rales and wheezing suggest congestive heart failure associated with a vascular malformation. Congenital 
aniridia, hemihypertrophy, and Beckwith-Wiedemann syndrome are associated with an increased incidence 
of Wilms tumor.

Laboratory Evaluation

A CBC may reveal evidence of marrow involvement with anemia or thrombocytopenia, leukemia with elevated 
WBC, or thrombocytosis in some solid tumors. Serum determinations of �-fetoprotein and �-human chorionic 
gonadotropin and of urine vanillylmandelic acid and homovanillic acid are warranted in children with solid 
tumors.

Plain radiographs of the abdomen may be helpful if calcifi cation suggestive of neuroblastoma or teratoma 
is identifi ed. A contrast study of the GI tract is indicated if evidence of an intestinal obstruction is apparent on 
plain fi lms. Ultrasonography to distinguish cystic from solid masses and to identify the likely organ of origin 
should be next. Further cross-sectional imaging such as CT or magnetic resonance imaging for evaluating solid 
tumors is generally necessary. In the case of solid renal masses, ultrasonographic evaluation of the inferior vena 
cava and right atrium to detect tumor thrombus prior to any attempts at resection is also warranted.

Differential Diagnosis
Th e diff erential diagnosis of an abdominal mass in children depends on age, the cystic or solid nature of 
the mass, and the presence of associated symptoms (Table 25-3). In newborns, most lesions are cystic, al-
though  neuroblastoma and teratoma occur with some frequency. In older children, most lesions are solid, with 
 neuroblastoma and Wilms tumor being the most common. It is necessary to refer children with solid tumors to a 
pediatric oncology center early in the evaluation to facilitate diagnostic studies and to ensure a  multidisciplinary 
approach to treatment.

4

1

3

2

FIGURE 25-4. Likely organ of origin of abdominal mass by location. 
1, liver, gallbladder, kidney,  adrenal; 2, spleen, stomach, kidney, adrenal; 
3,  pancreas, retroperitoneum, mesentery, bowel; 4, bladder, uterus, ovaries.
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Management
After careful diagnostic evaluation, patients with solid tumors need either a diagnostic biopsy or tumor resec-
tion. Th e method of confi rming the diagnosis and the decision whether to attempt resection depend on the 
type of tumor and the presence of distant or local spread. Th is decision is usually made in consultation with 
a pediatric oncologist, a pediatric surgeon, and a radiotherapist. Malignant tumors usually require additional 
chemotherapy or radiotherapy. If dissemination is widespread or if complete resection cannot be performed, 
chemotherapy may be warranted before resection is attempted.

Cystic lesions may require operative therapy, medical management, or observation. Adrenal hemorrhage is a 
neonatal condition that resolves spontaneously, although it must be distinguished from a cystic neuroblastoma by 
measuring urinary catecholamines. Serial ultrasound examinations are used to monitor its resolution. Ovarian cysts 
are common in newborns, resulting from stimulation from maternal hormones. Recent studies using prenatal ultra-
sonography have shown that many of these cysts resolve spontaneously, particularly if they are 3 cm or less in diameter. 
Ovarian cysts with torsion require operative therapy in an attempt to preserve the ovaries and the fallopian tube.

Obstructive uropathy requires further investigation, including voiding cystourography, renal nuclear scan, 
and possible cystoscopy. Chronic suppressive antibiotic therapy is used in children with severe vesicoureteral 
refl ux and partially obstructing uropathy.

Cysts of the mesentery, bowel wall, or extrahepatic biliary tree require excision with reconstruction. 
 Hydrometrocolpos, which presents in the neonatal period or at the onset of menses, warrants excision of the 
imperforate hymen or, in cases of distal vaginal atresia, vaginal reconstruction.
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 TABLE 25-3

Types of Abdominal Masses in Children

Cystic Solid

Hydronephrosis Neuroblastoma

Multicystic dysplastic kidney Wilms tumor

Adrenal hemorrhage Teratoma

Ovarian cyst Hepatoblastoma

Choledochal cyst Mesoblastic nephroma

Hydrometrocolpos Hemangioendothelioma

Mesenteric cyst Infantile polycystic kidneys

Intestinal duplication Rhabdomyosarcoma
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Pediatric Subspecialties

PEDIATRIC ORTHOPEDICS
James G. Gamble

Musculoskeletal conditions account for about 20% of a pediatric outpatient practice, and students will en-
counter patients with orthopedic diseases on the wards. Th ese musculoskeletal conditions cover a wide range 
of pathologic categories, and therapeutic interventions range from the surgical emergency of a septic hip to the 
simple assurance and observation necessary for the common complaint of intoeing gait. Th e purpose of this 
section is to review the musculoskeletal conditions most likely encountered during a pediatric rotation. Th ese 
conditions can be classifi ed into the following categories: congenital, developmental, infectious, traumatic, 
and physiological.

Congenital
One of the most commonly encountered congenital orthopedic conditions is talipes equinovarus, or clubfoot. 
Th is condition aff ects approximately 1 in 1,000 live births, being bilateral approximately half of the time. It is 
more common in males than in females. Th e deformity is obvious at birth as the foot is adducted, supinated, 
and in equinus. Many genetic syndromes have associated clubfeet, and these conditions must be ruled out in 
the neonate.

Clubfoot can be either supple or rigid. A supple, or positional, clubfoot is usually due to intrauterine pack-
ing or positioning, and can be corrected passively. Th e prognosis is excellent with simple stretching exercises 
performed by the parents or occasionally with one or two corrective casts.

Rigid clubfoot is not due to intrauterine packing and the exact etiology is obscure. Th e rigid, or true club-
foot cannot be corrected passively and requires early, aggressive treatment. Th e feet are supinated, inverted, and 
in equinus.

Th e Ponseti treatment of clubfoot involves a series of above knee casts that gradually correct the varus and 
rotation of the foot, followed by a tendo Achillis lengthening (TAL) to correct the equinus. Once the deformity 
has been corrected, usually after 2 to 3 months of casting and TAL, the infant must use a night splint until about 
3 years of age to prevent recurrence. Successful outcomes are high with the Ponseti treatment, but children with 
unilateral clubfoot will always have a foot length and calf girth about 10% smaller than the contralateral side. 

Developmental
Developmental conditions occur in previously normal infants and children. Th e most common developmental 
conditions include developmental dysplasia of the hip (DDH), Legg-Calve-Perthes disease, slipped capital 
femoral epiphysis (SCFE), and adolescent idiopathic scoliosis (AIS).

DDH is a spectrum of hip disease that includes acetabular dysplasia, hip subluxation, and complete dis-
location of the femoral head out of the acetabulum. Stability of the neonatal and infant hip comes from the 
thick capsular ligaments, and if these ligaments are lax or stressed and stretched due to breech position, the 
result can be DDH. Th e incidence of DDH is about 1.5 in 1,000 live births. Th e key to a successful outcome is 
early diagnosis and treatment. Th e gold standard for diagnosis within the fi rst 4 months of life is the Ortolani 
and Barlow tests.
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To perform the Ortolani test, the child must be supine and relaxed. Th e hips and knees are fl exed to 
90 degrees, and the hips are abducted with the thumb and forefi ngers while applying a gentle lift under the tro-
chanteric region. Th e test is positive if the examiner feels a clunk as the dislocated femoral head slides into the 
acetabulum. An easy way to remember the signifi cance of this test is that with the Ortolani the hip is Out.

Th e Barlow is a provocative test to detect a reduced but unstable hip. Again, the child is supine and 
relaxed, with the hips and knees fl exed to 90 degrees. With the examiner’s thumb on the inner thigh and the 
fi ngers along the lateral trochanteric region, the thigh is adducted with gentle downward pressure along the 
longitudinal axis of the thigh. Th e test is positive if the examiner feels the femoral head slip out of the acetab-
ulum, but the sensation is more like a sliding or a slosh than the Ortolani clunk. For both of these tests, the 
child must be relaxed. It is diffi  cult to get an accurate clinical assessment if the child is kicking and crying.

After the age of about 4 months, the most sensitive clinical test is limited abduction and the Allis or Galeazzi 
sign in which the knees appear uneven (Figure 26-1). Children should have at least 60 degrees of symmetrical ab-
duction in fl exion. Th e Trendelenburg sign, or dropped pelvis, is a late sign once the child has started to walk.

From 6 weeks of age until 4 to 6 months, the most valuable imaging study is the ultrasound. An ultrasound be-
fore the age of 6 weeks is not recommended as false positive rates are high, resulting in overdiagnosis. Radiographs 
are unreliable before the age of 4 to 6 months. Once the femoral head ossifi c nucleus appears around 6 months, the 
ultrasound becomes less reliable, and the most valuable imaging study is an AP radiograph of the pelvis.

Treatment of DDH diagnosed within the fi rst 6 to 8 months of life is with the use of a Pavlik harness. 
From 6 to 18 months, treatment is operative with a percutaneous adductor tenotomy, closed reduction, and 
spica cast application to maintain the reduction. From 18 months to around 2 1/2 years, the child needs an open 
reduction of the hip and spica cast application. Over the age of 2 1/2 years, a child needs an open reduction, 
femoral shortening, and pelvic osteotomy to achieve a successful outcome.

Legg-Calve-Perthes disease, or simply “Perthes disease,” is an avascular necrosis of the femoral head, fi rst 
described by Arthur Legg from Boston, Jacques Calve from France, and Georg Perthes from Germany. Th ey 
realized that this condition had a better prognosis than tuberculosis of the hip, which was prevalent at the begin-
ning of the 20th century. Th e cause of the avascular necrosis still remains a mystery.

Perthes disease is most common around the ages of 6 to 8 years. Th e child presents with a limp and often 
complains of knee pain. One of the classic pearls of pediatrics is that in a child with a limp and knee pain, think 
hip pathology. A radiograph is usually suffi  cient to diagnosis Perthes disease. Th e femoral head is fl attened, 
irregular, and sclerotic.

A magnetic resonance imaging (MRI) is helpful in staging the condition and determining treatment. Th e 
goal of treatment is to contain the soft, cartilaginous femoral head within the acetabulum until the blood supply 
returns, usually a 2- to 3-year process.

SCFE appears in the pre- to early adolescent period, usually around the ages of 9 to 13 years when children 
have a growth spurt. Like Perthes, the etiology of SCFE is a mystery, but many patients are obese and have 
sustained some type of trauma, either an acute episode or repetitive microtrauma. Th e patient presents with a 
limp and can complain of groin, hip, thigh, or knee pain. Examination discloses a shortened, externally rotated 
lower extremity with decreased internal rotation of the hip.

A radiograph can usually clinch the diagnosis. Th e hip has a “melted ice-cream cone” appearance, as though 
the femoral head has melted off  the femoral neck.

Treatment for SCFE is operative with percutaneous, in situ screw fi xation followed by 4 weeks of crutch-
assisted ambulation.

AIS is a curvature of the spine in the coronal plane, usually fi rst noticed in early adolescents. Roughly 80% 
of the patients are girls, and 80% of the curves have a convexity in the right thoracic area with a compensato-
ry left lumbar curve. Small curves under 20 degrees are common (1% to 3%); clinically signifi cant curves over 
30 degrees have a prevalence of about 1 to 3 in 1,000. Th e most sensitive clinical examination for AIS is the Adams 
forward bend test where the child bends at the waist as to touch the toes. Th e examiner looks down the back for rib 
asymmetry or uses a scoliometer (basically a fancy level) to measure the angle of trunk rotation. A careful neurologic 
examination is important to rule out conditions such as syringomyelia, neurofi bromatosis, or Friedreich ataxia.

Patients with clinically signifi cant rib or trunk asymmetry should have a standing radiograph of the spine. 
Th e Cobb angle, automatically calculated on most digital radiographic systems, is used to quantify the scoliosis. 
An MRI may be obtained in suspected cases of neurologic involvement or in unusual curves such as left thoracic 
scoliosis or long C-type curves.

In general, patients with AIS and a Cobb angle less than 20 degrees are treated with observation, and the 
risk of scoliosis progression after menarche is minimal. Patients with curves measuring from 20 to 40 degrees 
are treated with a brace. Th ose with a curve greater than 40 degrees usually require surgery.
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FIGURE 26-1. After about 4 months, the most sensitive test is limited hip abduction and uneven knees. Telescoping or 
pistoning of the thigh and Trendelenberg gait are late fi ndings after the child has started to walk. Modifi ed after illustra-
tions by Frank K. Netter, MD, from Hensinger RN: Ciba Clin Symp 31:1. 1979. Copyright 1979, CIBA Pharmaceutical 
Company, Division of CIBA-GEIGY Corporation.

Allis or Galeazzi sign:
knee lower on affected side

Bunching of soft tissues
over shortened thigh

Limited abduction

Telescoping or pistoning action of thigh
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Infectious
Th e majority of bone and joint infections result from hematogenous seeding of bacteria into the joint syn-
ovium or into the sluggish juxtaepiphyseal circulation of the bone. Septic arthritis most often occurs in children 
younger than 5 years of age and in boys twice as often as in girls. Septic arthritis of the hip requires obligatory 
operative drainage, whereas infection of the ankle, knee, shoulder, and elbow can, at times, be managed with 
arthrocentesis and intravenous antibiotics. In general, osteomyelitis requires surgical drainage.

Patients present with a fever, malaise, and limp if it involves the lower extremity. Th e examination discloses 
resistance to movement and pain on passive range of motion. Patients have an elevated sedimentation rate, 
elevated C-reactive protein, and an elevated white blood cell (WBC) count with a shift to the left. Radiographs 
may show only soft tissue swelling, and an MRI, while not particularly cost-eff ective, discloses an eff usion and 
periarticular edema, and in the case of osteomyelitis, intense bone marrow edema. It is important to obtain blood 
cultures and perform a joint aspiration before beginning intravenous antibiotic treatment.

Once all the cultures have been obtained, the patient may be started on intravenous antibiotics, usually 
a combination of drugs that includes coverage of Staphylococcus  aureus as this microorganism causes 70% of 
the cases, although the age of the patient is important. Th e most common isolates from newborn infants are 
S. aureus, group B streptococcus, and gram-negative bacteria. Older infants are prone to Hemophilus infl uenza  

infections, and those over 5 years of age are prone to S. aureus infections.
Septic arthritis of the hip may be secondary to osteomyelitis of the proximal femur because the metaphysis 

of the proximal femur is located within the hip capsule.

Traumatic
Th e most common traumatic conditions are sprains, strains, fractures, and overuse conditions. It is important to 
understand the diff erence between a strain and a sprain and to be familiar with the Salter classifi cation system 
for fractures involving the growth plate.

A strain is an injury to the muscle, the tendon, or its attachment to the bone. Th e most common strains 
involve the hamstrings, the hip adductors (groin), the Achilles tendon, and the rotator cuff  of the shoulder. Th e 
most common site of failure is at the junction where the myofi bers blend into the collagenous fi bers of the ten-
don (the muscle tendon junction). Th e history and physical examination are usually suffi  cient to make the diag-
nosis. Th e child with a strain has sudden onset of pain, usually associated with sports activity. Th e site of injury 
is swollen and may have ecchymoses. On palpation, the patient has tenderness over the muscle or tendon, and 
the patient may be reluctant to move the extremity or to bear weight. Radiographs, while usually negative, are 
valuable to rule out physeal fractures. An MRI shows increased T2-weighted signal at the injury site, although 
this is not a cost-eff ective way to make the diagnosis.

Treatment can be summarized by the acronym RICE and time: R stands for rest; I for ice; C for compres-
sion; and E for elevation. Time means time away from sports activities, usually for 4 to 6 weeks followed by an-
other 4 weeks of physical therapy rehabilitation before returning to sports. Ice is always preferable over heat. Ice 
compression packs applied to the injured area, 30 minutes on, 30 minutes off , decreases pain and swelling and 
speeds the healing process. (Frozen peas in a plastic bag make an excellent applicant.) Compression in the form 
of an elastic bandage speeds the removal of local hemorrhage and tissue edema, as does elevation. Nonsteroidal 
anti-infl ammatory drugs (NSAIDs) should not be started for 2 to 3 days as they can increase bleeding into the 
tissues of a fresh injury. Th e child should undergo rehabilitation before reentry into sports. Physical therapy can 
be started after 2 to 3 weeks when the acute pain and swelling has subsided.

A sprain is an injury to a ligament. Ligaments are the collagenous structures that hold bones together at 
joints. Sprains are classifi ed as follows: Grade I with tearing of a few fi bers, mild swelling, and focal tenderness; 
Grade II with tearing of many fi bers, considerable swelling, and pain, but mechanical stability; and Grade III 
with complete rupture and joint instability. Th e most common sprains in children involve the anterior talofi bular 
ligament at the ankle and the medial collateral (MCL) and anterior curiae ligaments (ACL) at the knee. Ankle 
and MCL sprains are treated with RICE, rehabilitation, and gradual return to sports activity. Unfortunately, 
there is an epidemic of pediatric ACL injuries, and they require reconstructive surgery and extensive rehabilita-
tion before a patient may return to sports.

Fractures in children are diff erent from those in adults for three important reasons: (1) children’s 
bones are less brittle and can fracture in a greenstick fashion; (2) children have great remodeling potential 
so fractures do not need to be perfectly aligned; and (3) damage to the growth plate (the physis) can result 
in later deformities.
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Th e Salter-Harris classifi cation scheme has withstood the test of time because it has prognostic value and 
implications for treatment. Type I fractures are nondisplaced separations through the physis. Th ey have the best 
prognosis and require simple immobilization for 3 to 4 weeks. Type II fractures are displaced through the physis 
and exit out the metaphysis. Type II fractures have a good prognosis and usually require manipulative reduction 
and immobilization for 4 to 8 weeks. Type III fractures go through the physis and exit into the joint, and Type 
IV fractures begin in the joint, go across the growth plate, and exit out the metaphysis. Types III and IV frac-
tures have a guarded prognosis and require accurate, operative reduction, and internal fi xation to prevent growth 
deformity. Type V fractures are crush injuries to the physis, and they have the worse prognosis because the crush 
or compression at the time of injury kills physeal cells. Th ere are no treatments that can regenerate these cells, 
and the inevitable deformities will need reconstructive treatment.

Th e most common fractures treated nonoperatively on an outpatient basis involve the clavicle, wrist, both bones 
of the forearm, tibia, and fi bula. Th e most common fractures treated operatively involve the elbow, femur, ankle, and 
hip. Pediatric hip fractures are surgical emergencies due to the risk of avascular necrosis of the femoral head.

More than 30 million children and adolescents participate in recreational sports, often involving multiple 
sports with either practice or competition every day. Th is level of sports participation has contributed to a tre-
mendous increase of overuse conditions. Th e most common overuse condition is Osgood-Schlatter disease, a 
failure in tension of the secondary ossifi cation center of the knee. Th e condition is most common during the 
adolescent growth spurt in athletically active teens.

Th e patient with Osgood-Schlatter has swelling and focal pain to palpation of the tubercle. Th e remainder 
of the examination is normal. Radiographs are minimally helpful because the normal tubercle can have con-
densations and apparent fragmentation. Th e key to diagnosis is the clinical fi nding of swelling and pain directly 
over the tubercle.

Treatment of Osgood-Schlatter disease is absolute rest: no running, jumping, hiking, biking, sports, physi-
cal education, or backyard pick up games for 4 to 6 weeks. Once the tubercle is nontender, the child needs 4 to 
6 weeks of physical therapy before reentry into sports to help prevent recurrence.

Physiologic
Rotation and angular conditions of the lower extremity are the most common musculoskeletal conditions stu-
dents will encounter in the pediatric outpatient clinic. Th ese include metatarsus adducts (MTA) of the feet, 
internal tibial torsion (ITT) of the legs, genu varum and valgum (bowed legs, knock knees) at the knee, medial 
femoral torsion (anteversion) at the hip, and the most common gait deviation, in-toeing. Most rotational and 
angular conditions, while of concern to anxious parents, fall within 2 standard deviations of normal and are 
considered physiologic variations. MTA appears from birth to 6 to 8 months, ITT and genu varum and valgum 
from 6 months to 3 years, and femoral anteversion and intoeing gait after 2 to 3 years. Th e best way to document 
and follow rotational and angular conditions is with the use of the torsional profi le.

Metatarsus adductus is extremely common. Th e feet are shaped like a kidney bean with a concave medial 
border and a convex lateral border. A deep crease traverses the center of the foot from medial to lateral. Th e 
condition is often confused with clubfoot, but in MTA, the foot is fl exible and the ankle motion is normal. An 
MTA is evaluated using the heel bisector method. Th ink of the infant’s heel as an oval with an imaginary line 
that bisects the heel and extends past the toes. Th e normal heel bisector passes between the second and third 
toes. Mild MTA has a heel bisector to the third toe. Moderate MTA has a bisector to the fourth toe, and severe 
MTA is to and past the fi fth toe. A fl atfoot, or valgus foot, has a heel bisector toward the great toe.

Flexible metatarsus adductus resolves spontaneously, but rigid MTA needs stretching and possibly cast 
treatment.

For most cases, both MTA and ITT result from intrauterine packing of the fetus. ITT and bowing of the 
knees usually become a parental concern when the child is cruising or beginning to walk.

ITT is evaluated using the thigh foot axis. Th e child is placed prone on the examination table, and using 
either goniometer or eyeball estimation, the angle formed by lines through the long axis of the thigh and the 
long axis of the foot is determined. With a little practice, the student can estimate this angle as internal/external 
to within 10 degrees.

Treatment of ITT, as well as metatarsus adductus, usually involves what is called “orthopedic psychotherapy” 
(OP), a technique of reassurance. OP involves fi ve easy-to-learn behavioral responses that are useful when deal-
ing with a variety of conditions that will auto-resolve but are worrisome to parents. (1) First, attentively listen 
to the parent’s concerns. Parents need to know that their doctor understands their concerns. (2) Next, verbally 
acknowledge their concern as in, “Yes, I see what you mean.” (3) Educate the parents about the natural history 
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of the condition. (4) Get the parents actively involved in some form of intervention such as stretching, massage, 
or in the case of older children, activities that favor posture education such as gymnastics, ballet, or ice-skating. 
(5) Finally, off er a follow-up evaluation in 6 to 8 months. Th is simple, but useful set of interactions can alleviate 
parental concern in a cost-eff ective manner without ordering unnecessary radiographs or other diagnostic tests.

Using the tibiofemoral angle as a quantitative tool, Salenius and Vankka documented the pediatric angular 
history of the knees. Due to fetal packing, most infants have apparent bowing at birth. By the age of 1.5 to 2 
years, the tibiofemoral angle is neutral. Around the age of 3 years, most children are in valgus, then gradually 
reduce the tibiofemoral angle to slight valgus by the early teens.

Abnormal knee varus or valgus, as in Blount disease or skeletal dysplasias, are rare compared to the frequency 
of physiologic variants. Many cases of “bowed knees” are actually ITT. Th e way to tell the diff erence is with the 
“cover-up” test. With the child supine and knees in extension, observe the apparent bowing at the knees. However, 
when the extremity is slightly internally rotated so the patella is in a neutral position and the examiner covers up the 
lower leg and foot, then the tibiofemoral angle at the knee is neutral and the bowing disappears. Th e child has ITT 
and not bowing of the knees. Th e cover-up test is a valuable way to demonstrate the true nature of the condition to 
the parents and easily leads into a discussion of the natural history of physiologic derotation with growth.

Femoral torsion is the relationship of the axis of the femoral neck to the transcondylar axis of the femur at 
the knee. Most adults have about 7 to 10 degrees of medial femoral torsion, but neonates have 30 to 40 degrees.

Increased medial femoral torsion (delayed physiologic derotation) is twice as common in girls as in boys. 
Children with increased medial femoral torsion prefer to sit in the “W” position and they walk with an in-
toeing gait. Femoral torsion is evaluated with the child prone, the hips in extension, and the knees in fl exion 
(Figure 26-2). Th e leg acts as an arm of a goniometer as the legs rotate outward (medial hip rotation) and 
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FIGURE 26-2. Evaluation of femoral torsion. 

770309_Ch_26.indd   672770309_Ch_26.indd   672 5/6/11   1:54:54 PM5/6/11   1:54:54 PM



CHAPTER 26 ■ PEDIATRIC SUBSPECIALTIES   673

rotate inward (lateral hip rotation). Th e normal values have a wide range, although most children who sit in 
the “W” position have medial rotation greater than 75 degrees.

Th ere is no scientifi c evidence that any form of treatment (shoes, orthotics, braces, or therapy) has any 
infl uence on the natural history that is a gradual resolution toward the adult levels during the preadolescent and 
adolescent growth spurts. Th e key to successful treatment, and the prevention of unnecessary shoes, braces, and 
radiographs, is successful communication in the form of OP, as mentioned previously. Consider telling parents 
to expect 1.5 to 2 degrees of correction per year, recommend activities such as ballet or gymnastics that involve 
gross motor skills, and off er annual follow-up to ensure gradual autocorrection.

Th e torsional profi le is a compilation of these evaluations in the form of a chart. Th is profi le can tell if a gait 
deviation is coming from the hips, knees, feet, or a combination thereof.

Children with musculoskeletal diseases represent a unique subgroup of patients with orthopedic concerns. 
It is important to understand the spectrum of orthopedic conditions and to appreciate the diff erence between 
normal variants and pathology as discussed in this section. Th e Suggested Readings at the end of this chapter 
are meant as a start to a better understanding.

OTORHINOLARYNGOLOGY
Gary Green and Alan G. Cheng

Pediatric otolaryngology is a diverse fi eld that entails caring for pediatric patients with problems in the ear, 
nose, throat, and the head regions. Th is surgical specialty has grown tremendously in recent years because of 
advances in the management of numerous areas such as airway reconstruction, endoscopic sinus and skull base 
surgery, and rehabilitation, including cochlear implantation for the hearing impaired. Th e material included in 
this chapter is an overview of several common otolaryngologic problems that might be encountered in either 
an outpatient clinic or an inpatient setting. Th ey are otitis media, obstructive sleep apnea, stridor, head and neck 
masses, hearing loss, and epistaxis. For those interested in a more in-depth discussion on any of these or other 
topics in otolaryngology, several excellent references are listed (see Suggested Readings).

OTITIS MEDIA
Otitis media is a major health problem in infants and children. It is one of the most common reasons for “sick 
visits” in pediatric offi  ces, with 50% to 90% of children experiencing at least one episode within the fi rst 2 years 
of life. One needs to be familiar with the various types of otitis media, their treatments, and possible complica-
tions: acute otitis media (AOM), recurrent otitis media, and otitis media with eff usion (OME).

Acute Otitis Media
AOM is characterized by the rapid onset of symptoms that may include otalgia, fever, or irritability. Th e most 
common causes are Streptococcus pneumoniae, Haemophilus infl uenzae, and Moraxella catarrhalis. History and 
pneumatic otoscopy are the key elements for diagnosing AOM. Bubbles, air-fl uid levels, and otorrhea are obvi-
ous signs. Other signs on otoscopy that consistently predict infection include red color, decreased mobility, and 
bulging tympanic membrane position.

Pediatric Pearl: The light refl ex is an inconsistent fi nding in AOM, and it should not be the 
sole basis for diagnosis.
Pe
so

Treatment of AOM includes antipyretics and analgesics as well as appropriate antibiotics such as amoxi-
cillin or trimethoprim–sulfamethoxazole. Cefaclor and amoxicillin–clavulanate are appropriate in those chil-
dren who fail to respond to initial therapy. A more in-depth approach to the topic of AOM can be found in 
Chapter 9.

Recurrent Otitis Media
Multiple bouts of AOM with resolution between episodes are called recurrent OM. Th e bacteriology of these 
infections is usually identical with that of AOM, although recurrence soon after a course of antibiotics may sig-
nify the presence of a resistant organism. Children who have frequent bouts of AOM in rapid succession should 
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be evaluated for underlying conditions that may predispose ones to ear infections (e.g., immunodefi ciency, atopy, 
nasal obstruction, cleft palate, and immotile cilia syndrome).

If there is no evidence of the aforementioned abnormalities, the physician must next decide how to treat 
the recurrent infections. Two common methods are (1) antibiotic prophylaxis and (2) myringotomy and tube 
placement with or without adenoidectomy.

Prophylaxis is a once-daily dose of antibiotics throughout the entire respiratory infection season (fre-
quently 3 months). Evaluation every 6 to 8 weeks for new-onset eff usion or “breakthrough” AOM is appropriate. 
If either condition occurs, one should consider myringotomy and tube placement.

Myringotomy and insertion of tubes is one of the most common surgical procedures performed on chil-
dren. Th is procedure eff ectively prevents the symptoms of AOM, although persistent otorrhea occurs in 5% to 
15% of patients, a complication that is treated with oral or topical antibiotics. Other rarer complications include 
persistent tympanic membrane perforation, atrophic tympanic membrane, granuloma formation, tympanoscle-
rosis, cholesteatoma, and ossicular disruption.

Adenoidectomy performed concurrently with myringotomy and tube placement remains controversial. 
Some studies appear to show that adenoidectomy decreases the frequency of OM. Moreover, the eff ect is inde-
pendent of adenoid size, which suggests that the location of the adenoid and its reservoir of pathogenic bacteria 
are as important to the pathogenesis of OM as is physical obstruction of the eustachian tubes. Th erefore, the 
decision for or against adenoidectomy should be individualized. Children with chronic upper airway obstruc-
tion or recurrent or chronic OME (see the following) after previous myringotomies with tube insertions may 
be good candidates for adenoidectomy.

Otitis Media with Effusion
Fifty percent of children with OME may be asymptomatic. Recent literature indicates that two-thirds of eff u-
sions contain bacteria, with one-half of these containing H. infl uenzae, S. pneumoniae, or M. catarrhalis. Physi-
cal examination may reveal a retracted or bulging tympanic membrane, which may be opacifi ed or translucent, 
and fl uid may be amber or bluish. Th ere should be no history of ear pain, fever, or other symptoms suggesting 
an AOM.

OME is usually associated with an upper respiratory infection and resolves without treatment. Observa-
tion alone is recommended because this condition is often self-resolving. OME can cause mild-to-moderate 
conductive hearing loss. Studies examining the eff ects of OME on communication development indicate 
that OME may be associated with learning disorders, attention and auditory processing defi cits, and defi cits 
of higher order auditory processing (i.e., signal detection in background noise). However, opponents of these 
studies believe that while early defi cits have been documented in some children, the long-term consequences 
are negligible.

Persistence of the eff usion for longer than 2 months, frequent recurrences (i.e., OME for 4 of 6 months), 
changes in the tympanic membrane, or concurrent sensorineural hearing loss and speech delay should be taken 
into account when making treatment decisions. Recent guidelines support close observation and monitoring 
if OME is not associated with these problems, although many physicians begin with a trial of antibiotics. 
Even with unilateral hearing loss, the recommendation is expectant observation. However, with an eff usion for 
3 months or more and evidence of bilateral hearing loss, intervention is recommended; the most supported 
procedures are myringotomy and placement of tympanostomy tubes. Decongestants, antihistamines, and topical 
nasal corticosteroids may occasionally be benefi cial.

Complications of Otitis Media
Th e complications of otitis media may be divided into two types: extracranial and intracranial (Table 26-1). 
Causes of complications are spread of infection beyond the air cells of the temporal bone or bony destruction. 
Factors that infl uence the spread of infection include the type and virulence of the infecting organism, antibiot-
ics, host response, anatomic barriers, and drainage.

Signs of complications range from headache, seizures, and spiking fevers to vertigo, sudden hearing loss, 
facial palsy, and subperiosteal abscess. A child who is suspected to have such complications needs immedi-
ate evaluation by an otolaryngologist. Complications related to AOM typically require drainage (incision and 
drainage and/or myringotomy tube placement), surgical debridement (mastoidectomy) if bony destruction is 
present, and high-dose intravenous antibiotics. Consultation with neurosurgic and infectious disease specialists 
is indicated if intracranial complications are present.
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ADENOTONSILLITIS AND OBSTRUCTIVE SLEEP APNEA
Th e palatine tonsils are paired structures located along the lateral wall of the oropharynx, whereas the adenoids 
(pharyngeal tonsils) are found on the posterior–superior wall of the nasopharynx, in close proximity to the eusta-
chian tubes and sinus ostia. Both are composed of lymphoid tissues that enlarge until puberty and then regress. 
Th eir immunologic function is complex; they appear to aff ect both local immunity (i.e., antibody production 
to specifi c bacteria) and systemic immune surveillance. However, there is no evidence that adenotonsillectomy 
adversely aff ects immune function.

Th e microbiology of the adenoids and tonsils is similar. Although group A �-hemolytic streptococcus is the or-
ganism most physicians associate with adenotonsillitis, S. pneumoniae, S. aureus, and H. infl uenzae as well as Epstein-
Barr virus, herpes simplex virus, and various anaerobes may also play important roles.

Th e tonsils are easily visualized in the oropharynx. To evaluate their inferior extension, the clinician should 
use a tongue depressor. Th e degree of tonsillar enlargement should be graded on the basis of obstruction of the 
airway: 1 � (less than 25%), 2 � (25% to 50%), 3 � (51% to 75%), and 4 � (more than 75%). Erythema, exu-
date, tonsilloliths, or other abnormalities may also be present.

It is often diffi  cult to visualize the adenoids without the use of special equipment (nasopharyngeal mirror 
or fi beroptic nasopharyngoscope). Th erefore, the best methods to diagnose adenoid hypertrophy are by clinical 
history (nasal obstruction, snoring, mouth breathing) and physical examination (hyponasal speech, adenoid fa-
cies, and mouth breathing). An X-ray of the lateral neck is also a useful adjunct.

Th e drug of choice for treating adenotonsillitis is penicillin (clindamycin or erythromycin for allergic children), 
although antibiotics eff ective against �-lactamase-producing organisms may be warranted in resistant cases.

Th e indications and contraindications for adenotonsillectomy have been well-documented (Table 26-2). 
One common indication is recurrent infection. In one study, researchers demonstrated that tonsillectomy is 
eff ective at preventing recurrent tonsillitis–pharyngitis; however, this particular study required that children 
had at least seven episodes in 1 year, fi ve episodes annually for 2 years, or three episodes annually for 3 years to 

 TABLE 26-1

Complications of Otitis Media

Aural

Hearing loss (conductive and sensorineural)

Otorrhea

Tympanosclerosis (scarring of the tympanic membrane)

Acute and chronic tympanic membrane perforation

Chronic otomastoiditis

Cholesteatoma

Acute mastoiditis with bony destruction

Ossicular erosion

Labyrinthine erosion/labyrinthitis

Facial nerve paralysis

Intracranial

Meningitis

Lateral sinus thrombosis

Extradural abscess

Subdural abscess

Brain abscess
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be in the study. One should not use these criteria dogmatically, but should consider surgical intervention when 
these infections have a signifi cant eff ect on the everyday functioning of the child (i.e., missing a signifi cant 
amount of school or work because of illness). Guidelines shared by the American Medical Association (AMA) 
and the American Academy of Pediatrics (AAP) recommend tonsillectomy for children with four or more 
documented episodes of pharyngitis annually.

Obstructive sleep apnea disturbs a patient’s rest and can present as loud snoring, periods of apnea, 
restlessness, enuresis, daytime fatigue, and diffi  culty with concentrating. It is another common indication for 
surgery.

Pediatric Pearl: Children with obstructive sleep apnea may initially present with complaints 
of daytime sleepiness, lack of energy, and poor school performance. Careful questioning 
uncovers a history of loud snoring and restless sleeping.

Pe
of
un

 TABLE 26-2

Indications and Contraindications for Tonsillectomy and Adenoidectomy

Absolute Indications for Tonsillectomy

Obstructive sleep apnea

Recurrent acute or chronic tonsillitis

Tonsillitis resulting in febrile convulsions

Peritonsillar abscess

Tonsillar hypertrophy obstructing respiration or deglutition

Biopsy for pathologic diagnosis (e.g., lymphoma post-transplant lymphoproliferative disorder)

Absolute Indications for Adenoidectomy

Recurrent middle ear disease secondary to eustachian tube obstruction

Adenoid hypertrophy obstructing respiration

Sinusitis or its complications secondary to adenoid obstruction of the posterior sinus ostia

Relative Indications for Tonsillectomy and Adenoidectomy

Recurrent sore throats

Recurrent or chronic rhinitis

Recurrent upper respiratory infections

Snoring or mouth breathing

Failure to thrive

Large tonsils or tonsillar debris

Cervical lymphadenopathy

Tuberculous adenitis

Systemic diseases secondary to streptococcal infections (e.g., rheumatic fever, rheumatic heart disease, nephritis)

Contraindications to Tonsillectomy and Adenoidectomy

Blood dyscrasias (e.g., leukemias, purpuras, aplastic anemias, hemophilia)

Uncontrolled systemic diseases (e.g., diabetes, heart disease, seizure disorders)
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Rare complications of untreated, severe sleep apnea include cor pulmonale and failure to thrive. Th e diag-
nosis may be made by recording the individual during sleep and listening for apneic episodes or, more accurately, 
by a sleep study that records the frequency of apneic and hypopneic episodes.

Th e most common complications of adenotonsillectomy are pain and bleeding. Postoperative bleeding 
may occur within the fi rst 24 hours or between the 5th and 10th postoperative day. Less common complications 
include hypernasal speech (encountered in children with undiagnosed submucous cleft palate or after laceration 
of the soft palate) and tongue or tooth trauma.

STRIDOR
Stridor, a harsh noise caused by turbulent fl ow of air through a partially obstructed airway, is one of many 
 physical signs diagnostic of airway compromise. It is a high-pitched sound that can be audible during the 
inspiratory phase, expiratory phase, or both (biphasic). Th e diff erential diagnosis of noisy breathing can be ex-
tensive (Table 26-3), but stridor is usually caused by narrowing at the level of the larynx or trachea. Classically, 
inspiratory stridor is caused by an obstruction above the level of the vocal cords, biphasic at or immediately 
below the level of the vocal cords (subglottis), and expiratory more distal along the tracheobronchial tree.

Pediatric Pearl: Epiglottitis is a medical emergency that requires prompt attention by a physi-
cian capable of securing the airway by either intubation or tracheotomy. If the diagnosis is 
suspected, direct visualization of the larynx is usually performed in the operating room.

Pe
cia
su

A detailed history and careful physical examination are more important in identifying the cause of stridor than ra-
diographic and laboratory tests. Attention should be paid to the timing of the stridor (see previous), position that worsens 

 TABLE 26-3

Differential Diagnosis of Airway Obstruction

Upper Airway

Choanal atresia

Pharyngeal mass

Large tonsils and adenoids

Macroglossia

Craniofacial anomalies

Larynx

Laryngomalacia

Vocal cord paralysis

Supraglottic/glottic masses/cyst (e.g., hemangioma, papilloma)

Subglottic stenosis

Infectious process (e.g., croup, epiglottitis)

Lower Airway

Tracheomalacia

Tracheal stenosis

Aspirated foreign body

Tracheoesophageal fi stula

External compression (e.g., vascular ring)
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the stridor (supine versus upright), and if there are associated feeding diffi  culties. It should be determined if a patient is 
acutely ill and in need of airway protection (e.g., epiglottitis, bronchial foreign body) or not. For the latter, a bedside fi -
beroptic scope examination by an otolaryngologist can yield useful information on the nasal, oral, and laryngeal anatomy 
and often etiology of the stridor. Th e following describes several commonly encountered causes of stridor.

Laryngomalacia is a narrowing of the soft tissue and cartilaginous structures above the vocal cords 
(arytenoids and epiglottis), leading to a dynamic collapse during inspiration. Th e typical presentation begins 
in 1- to 6-month-old children with inspiratory stridor that worsens in a supine position and during feeding. 
Diagnosis is by history and fi beroptic laryngoscopy. Because it is often associated with gastroesophageal refl ux, 
the fi rst-line treatment is antirefl ux medication. Surgical intervention is reserved for those who continue to have 
failure to thrive despite medical treatment.

Croup, also known as laryngotracheobronchitis, is often caused by the parainfl uenza virus. Th e swelling 
caused by this infection leads to narrowing of the larynx and trachea, and thus, the associated stridor (usually 
inspiratory). Th e onset of symptoms is often abrupt and the patient has a classic barking cough. History is of-
ten suffi  cient for making this diagnosis. Treatment with humidifi ed air and steroids is often eff ective; racemic 
epinephrine may be used in more severe cases.

Vocal cord paresis/paralysis involves weakness or paralysis of one or both vocal cords, causing the airway to 
narrow and leading to the production of stridor, typically biphasic. Since the vocal cords also function to protect 
one from aspirating liquid and food contents, an immobile vocal cord(s) can also lead to symptoms of aspira-
tion such as choking or recurrent pneumonia. While there are many causes of vocal cord paresis/paralysis, its 
diagnosis can be arrived by history; physical examination with special attention to the volume, quality, and range 
of the patient’s voice/cry; and fi beroptic laryngoscopy.

Subglottic stenosis is a narrowing of the trachea immediately below the vocal cords. Because this is the nar-
rowest portion of the airway in neonates and infants, additional narrowing leads not only to biphasic stridor, but 
also to symptomatic airway compromise. Known risk factors of subglottic stenosis include traumatic or prolonged 
intubation, Down syndrome, and Wegener granulomatosis. Although patient history, physical examination, and 
fi beroptic laryngoscopy are helpful especially with ruling out other causes of stridor, bronchoscopy under anes-
thesia is necessary for diagnosis and determining the degree of stenosis. Several factors including the severity of 
stenosis dictate treatment, which ranges from observation to laryngotracheal reconstruction and tracheostomy.

PEDIATRIC HEAD AND NECK MASSES
Head and neck masses are frequent and can be divided into three main categories: congenital, infectious, and 
neoplastic. Among congenital masses, common diagnoses include branchial cleft cysts, lymphatic malformations, 
teratomas/dermoid cysts, and thyroglossal duct cysts. Infectious masses may be caused by bacterial or viral lymph-
adenitis, systemic bacterial or viral infections such as cat scratch disease and mononucleosis, and mycobacterial 
collections involving Mycobacterium tuberculosis and atypical Mycobacteria. Although less common, the concern 
for a neoplastic process often prompts evaluation. Possible neoplastic diagnoses include lymphoma, thyroid cancer, 
rhabdomyosarcoma, hemangioma, and less commonly, tumors of the salivary glands and metastatic cancer.

When evaluating a child with a head and neck mass, one needs to pay attention to the history: the age of 
onset, duration, change over time, and whether the mass is painful and associated with systemic signs (e.g., fever, 
weight loss, night sweats). Recent illnesses or life events can sometimes provide important clues: upper respira-
tory infection (lymphadenitis), exposure to animals (cat scratch disease), trauma (hematoma), and recent travel 
(tuberculosis). History of immunodefi ciency and personal/family history of malignancy are also crucial to elicit.

A physical exam of the mass should reveal the location, size, and quality (soft/fi rm/hard, mobile/non-
mobile, tender/nontender, fl uctuant/nonfl uctuant, solitary/multiple). When lymphadenopathy (generally bigger 
than 1 cm) is present, the extent should be determined (single, regional, systemic, unilateral/bilateral) by pal-
pating cervical, auricular, clavicular, axillary, and inguinal regions. Th e surrounding skin should be evaluated for 
erythema, blanching, discharge, communication, induration, and necrosis. In general, lymph nodes that are fi rm 
or fi xed; larger than 1 cm; and persist for more than 2 weeks, especially supraclavicular nodes, are concerning for 
malignancy. When such information is nonconclusive, imaging studies such as ultrasound, computed tomogra-
phy (CT) scan, or MRI can often be complementary.

Described as follows are characteristics of two commonly seen congenital head and neck masses: branchial 
cleft cysts and thyroglossal duct cysts. Additional etiologies are included in Table 26-4.

Branchial cleft abnormalities range between cysts, sinuses, and fi stulas. Th ey are congenital, but may not be 
noted until later in life or after an antecedent upper respiratory infection when they become infected. On physi-
cal exam, they are typically located in the lateral neck, anterior to the sternocleidomastoid muscle. Th e diagnosis 
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is often supported by an ultrasound or CT scan with contrast. Although this anomaly most often originates 
from the second branchial arch, those associated with the fi rst, third, or fourth branchial arches also exist. Surgi-
cal excision of branchial cleft abnormalities is the treatment of choice because of the high risk of infection.

Unlike branchial cleft anomalies, thyroglossal duct cysts are midline masses. Th ey develop from incom-
plete involution of the thyroglossal duct and may therefore be located anywhere from the foramen cecum at the 
base of the tongue down to the lower midline neck. Because of their connection to the tongue and the hyoid 
bone, these masses elevate with tongue protrusion and swallowing. Like branchial cleft anomalies, these may 
be secondarily infected, but have the additional, though rare, potential for malignant transformation. Diagnosis 
is primarily based on physical examination and imaging studies such as ultrasound and CT scan. Treatment is 
surgical excision of both the cyst and its associated tract in the hyoid bone.

HEARING LOSS
Congenital hearing loss aff ects 1 to 2 per 1,000 children. Universal newborn screening for hearing loss has re-
sulted in considerably earlier diagnosis and intervention. Current recommendations are for universal screening 

 TABLE 26-4

Common Etiologies of Pediatrics Head and Neck Masses

Congenital

Branchial cleft cyst

Th yroglossal duct cyst

Th ymic cyst

Lymphatic/venous malformations

Teratoma/dermoid cyst

Infectious

Reactive/viral lymphadenitis

Bacterial lymphadenitis

Mycobacterial lymphadenitis

Neoplastic

Lymphoma

Vascular tumor

Neurogenic tumor

Soft tissue tumor (lipoma)

Th yroid gland tumor

Salivary gland tumor

Metastatic disease

Other

Hematoma

Th yroid hyperplasia

Parathyroid hyperplasia

Granulomatous disease

Kawasaki disease
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before 1 month of age (usually before leaving the hospital after birth) (Figure 26-3). Suggested initial testing 
includes either auditory brainstem responses or otoacoustic emissions, which are relatively inexpensive, simple, 
and validated techniques. Abnormal tests are followed up by further audiologic evaluation by 3 months of age. 
Periodic hearing screening should be done for children aged 4 to 11 months with a follow-up formal audiology 
if necessary.

Hearing loss is categorized as conductive (defects in the transmission of sound from outer or middle ear 
to the inner ear), sensorineural (defects in the cochlea and inner ear, auditory nerves, or central processing), or 
mixed. Th e vast majority of congenital hearing loss is sensorineural. A careful history should screen for known 
risk factors including low birth weight (under 1,500 g), Apgar scores of less than 4 at 1 minute or less than 6 at 
5 minutes, neonatal intensive care unit admission, severe hyperbilirubinemia, infection, use of ototoxic medica-
tions, and family history of hearing loss. A physical exam should focus on the face (e.g., craniofacial deformities, 
malformations, presence of albinism, or forelocks) and ear (e.g., pinna deformities, pits), otoscopy for the exter-
nal canal and tympanic membrane, musculoskeletal examination (e.g., deformities, strength), and skin (e.g., café 
au lait spots, neurofi bromas, depigmentation). Concordant workup for underlying cause, guided by history and 
exam, may include assays for TORCH antibody (toxoplasma; other infections: VDRL/FTA-ABS [Venereal 
Disease Research Laboratory/fl uorescence treponemal antibody absorption] for syphilis, rubella; cytomegalo-
virus [CMV]; herpes simplex virus), electrocardiogram (ECG) for syndromes accompanied by cardiovascular 
dysfunction, CT scan for aplasia of inner ear, and an ophthalmologic evaluation for possible concurrent visual 
impairment.

Th e most common cause of prenatal hearing loss is maternal-fetal transmission of intrauterine infection 
(TORCH complex). In fact, CMV is the leading infectious cause of congenial sensorineural hearing loss. Other 
perinatal causes include hypoxic ischemic encephalopathy, hyperbilirubinemia, infection, and ototoxic medica-
tions. When these risk factors are absent, genetic causes are likely and are divided in nonsyndromic and syn-
dromic groups. Nonsyndromic causes are the most common, with mutation at the connexin 26 (a gap junction 
protein) loci being the leading cause. Inheritance is autosomal recessive and genetic testing for this gene is often 
recommended. Th e next most common genetic mutation is that of pendrin, which can occur as a syndromic or 
nonsyndromic form. Since its mutation is linked to problems with tyrosine iodination, it can lead to goiters and 
hypothyroidism. Hearing loss in association with prolongation of the QT interval on ECG ( Jervell and Lange-
Nielsen syndrome) is due to a mutation in either the KCNE1 or KCNQ1 potassium channel gene. Other less 
common causes of inherited, syndromic hearing loss have been described and are listed in Table 26-5.

Physiologic Hearing
Screening Before

1 Month

Audiologic and
Medical Evaluation
Before 3 Months

Assess Risk Factors

Intervention Before
6 Months

Audiologic Evaluation
every 6 months until

3 years old

Rescreen between
7-24 months if
concerns exist

Yes

No

Present ?Yes

No

Abnormal ?

Yes NoAbnormal ?

FIGURE 26-3. Screening and diagnosis of pediatric hearing loss. 
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 TABLE 26-5

Hearing Loss Syndromes

Usher Syndrome

Inheritance: Autosomal recessive

Associations: Sensorineural hearing loss, vestibular dysfunction, retinitis pigmentosum, cataracts, mental 
retardation

Diagnosis: History and physical, electroretinography, hearing testing, genetic testing

Pendred Syndrome

Inheritance: Autosomal recessive

Associations: Sensorineural hearing loss, multinodular goiter

Diagnosis: History and physical, thyroid panel, perchlorate testing, genetic testing

Waardenberg Syndrome

Inheritance: Autosomal dominant

Associations: Sensorineural hearing loss, vestibular problems, craniofacial defects, abnormal pigmenta-
tion (skin depigmentation, white forelock, dystopia canthorum)

Diagnosis: History and physical and genetic testing

Treacher Collins Syndrome

Inheritance: Autosomal dominant

Associations: Conductive hearing loss (auricular deformation, atretic/stenosed external acoustic canal, 
ossicular anomalies, ossifi cation of the tympanic membrane), sensorineural hearing loss, or mixed, man-
dibulofacial deformities 

Diagnosis: History and physical, genetic testing

Apert Syndrome

Inheritance: Autosomal dominant

Associations: Conductive hearing loss (stapes fi xation), craniofacial deformities, syndactyly 

Diagnosis: History and physical

Neurofi bromatosis

Inheritance: Autosomal dominant

Associations: Conductive hearing loss, vestibular dysfunction, and facial paralysis due to acoustic neuro-
mas, optic gliomas, iris hamartomas, peripheral neurofi bromas, café au lait spots

Diagnosis: History and physical, CT of temporal bones

Alport Syndrome

Inheritance: X-linked

Associations: Sensorineural hearing loss, glomerulonephritis (hematuria, proteinuria, uremia), cataracts

Diagnosis: History and physical, urinalysis, serum BUN and Cr

CT, computed tomorgraphy; BUN, blood urea nitrogen; Cr, creatinine.
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Pediatric Pearl: Hearing loss predisposes one to speech and language delay. Early diagnosis and 
intervention with hearing aids and/or cochlear implantation are therefore critical.
Pe
int

For hearing loss presenting later in life, history should focus on comorbid disease (neurologic, cardio-
vascular, renal, hematologic), predisposing infections (recurrent AOM, otitis externa, meningitis), previ-
ous surgery, head and neck trauma (tympanic membrane [TM] perforation, barotrauma, volume trauma), 
ototoxic medications (aminoglycosides, loop diuretics, chemotherapeutics), and developmental milestones 
(motor, social, and linguistic), as well as associated symptoms such as dizziness, vertigo, gait abnormalities, 
visual changes, and seizures. Physical examination should concentrate on hearing testing (Weber and Rinne 
tests) and otoscopy (AOM, otitis externa, immobility/hypermobility of TM). Th ere are numerous causes of 
temporary, acquired hearing loss in children (cerumen, AOM, otitis externa). One should remember that 
causes of congenital hearing loss may also be applicable here because the signs and symptoms of hearing loss 
may not become apparent until later in life. For children over 3 years of age, conventional hearing testing 
may be applied.

Treatment should aim to restore optimal hearing as early as possible to preserve and promote speech 
and language function. Earlier intervention has been proven to improve language development. Current 
recommendations suggest that all infants with demonstrated hearing loss on follow-up assessment by 
3 months should have personalized intervention started by 6 months of age. Certain conductive hearing 
defi cits may be amenable to surgery (recurrent otitis media treated with tympanostomy tubes, stapes fi xa-
tion for otosclerosis, removal of cholesteatoma, and so on). Hearing loss due to infection should be treated 
with antibiotics or antivirals aimed at the causative agent, with possible steroid use (dexamethasone) to 
reduce infl ammation around the vestibulocochlear nerve. For most other conditions, treatment relies on 
early use of hearing amplifi cation (hearing aids, assistive listening devices), ideally by 6 months, combined 
with speech and language counseling. Bilateral, severe or profound sensorineural hearing loss refractory to 
hearing aids for 6 months may be treated with cochlear implants. As in all cases, this should be done in 
discussion with family preference, with the knowledge that cochlear implantation before the age of 4 years 
signifi cantly augments speech and language development. Incorporating school and education agencies 
into a multidisciplinary team with audiologists, otorhinolaryngologists, and speech pathologists provides 
comprehensive treatment.

EPISTAXIS
Epistaxis is a common complaint in the pediatric population. Th is condition, which is typically a self-limited 
process caused by a mild mucosal abrasion, may be the fi rst sign of a more serious underlying disease.

Th e nasal cavity receives blood from the internal and external carotid artery systems. Th e most common 
(90%) bleeding site, called the Kiesselbach plexus or Little’s area, is located along the anterior septum and cor-
responds to the convergence and anastomosis of arteries from both systems. However, bleeding sites may be 
located in any part of the nasal cavity.

Th e initial intervention for epistaxis should consist of digital pressure applied to the nares for 10 minutes. 
In the majority of cases, this maneuver is suffi  cient. Bleeding that cannot be controlled with pressure may require 
the application of topical vasoconstrictors (Neo-Synephrine 0.25%), evacuation of clot from the nasal cavity, 
cautery (silver nitrate), or packing with a self-expanding nasal tampon. An experienced physician may choose to 
place a vaseline nasal pack or pack the nasopharynx for improved hemostasis.

After the bleeding has been controlled, the physician should obtain a careful history, keeping in mind 
the diff erential diagnosis of epistaxis (Table 26-6). Th e duration of the epistaxis, previous episodes, and their 
frequency of occurrence as well as easy bruisability, any history of nasal trauma (including picking), nasal drug 
abuse, or recent upper respiratory infections are all pertinent, as is a family history of bleeding disorders.

Prior to discharge, the clinician must address the underlying cause of the epistaxis. Humidifi cation of the 
home environment is important. Normal saline sprays and Vaseline ointment help prevent crusting and moisten 
the mucosa. It is crucial to advise patients against nose picking.

Severe bleeding may rarely require surgical ligation of the internal maxillary, anterior ethmoid, or posterior 
ethmoid artery, or embolization via selective artery catheterization. Children with severe epistaxis require hos-
pitalization for observation. Th ose with severe or recurrent epistaxis require a more thorough medical workup to 
ensure that epistaxis is not a sign of an underlying illness.
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UROLOGY
Lane S. Palmer and Lisa Menasse-Palmer

TESTICULAR TORSION
Testicular torsion is the most common cause of acute scrotal pain and swelling in children and aff ects 1 in 
4,000 males. When promptly diagnosed, the best chance of testicular salvage occurs within 8 hours of the event. 
Torsion may occur prenatally and manifest itself as a nontender scrotal mass at birth or may present anytime 
through puberty as a surgical emergency.

Pathophysiology
Torsion of the testes may occur above the investment of the tunica vaginalis that surrounds the testicle 
(extravaginal torsion); this is commonly seen in the perinatal period (Figure 26-4A). Intravaginal testicular 
torsion is more common in older children and adolescents and occurs when the testicle twists within the 
tunica vaginalis. Th e predisposing anatomic abnormality in this variant is the “bell-clapper deformity,” where 
the tunica vaginalis has a high insertion onto the spermatic cord (see Figure 26-4B). In either type, twisting 
initially impedes venous return, resulting in venous thrombosis; subsequently, arterial blood fl ow is compro-
mised, leading to ischemic necrosis. Unless spontaneous correction or surgical reduction occurs, infarction 
will lead to testicular atrophy.

Th e immediate inciting event leading to testicular torsion is poorly understood. Some factors that have 
been proposed include cremaster muscle hyperactivity, scrotal trauma, changes accompanying puberty including 
hormonal (rising testosterone) or anatomic (increased testicular volume) maturations, and vigorous exercise.

Clinical and Laboratory Evaluation
Testicular torsion typically presents as acute onset of pain that may gradually increase in intensity. Th e pain is 
usually localized to the aff ected testes and scrotum, but may be referred to the inguinal region or lower  abdomen. 

 TABLE 26-6

Etiology of Epistaxis in Children

Common Causes

Infl ammation
 Upper respiratory tract infections
 Autoimmune disease (e.g., Wegener granulomatosis)
 Rheumatic fever

Trauma
 Dry air
 Injury, external, with or without fracture
 Patient induced (nose picking)
 Foreign body

Allergic rhinitis with or without accompanying infl ammation

Uncommon Causes

Alterations of intravascular factors of hemostasis

Platelet abnormalities (e.g., idiopathic thrombocytopenic purpura)
 Coagulation defects (e.g., hemophilia)

Hypertension

Neoplasms
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Previous episodes of transient pain with or without swelling of this type may suggest intermittent testicular  torsion. 
Nausea, vomiting, and anorexia often occur. Fever is a very uncommon sign and, if present, is usually low grade.

Physical examination reveals an exquisitely tender testicle. Th e testicle may ride high or lie transversely in 
the scrotum and the cremasteric refl ex is reliably absent. Prehn sign, relief of pain by elevation of the testicle, 
is not dependable. Scrotal erythema and edema as well as a reactive hydrocele may be found as the ischemic 
process proceeds. “Knots” in the spermatic cord may be palpable above the testicle.

Laboratory data demonstrate a normal or only modestly elevated WBC count. Urinalysis is usually normal, 
although the presence of WBCs does not exclude the diagnosis of testicular torsion. If the clinical diagnosis 
remains in doubt, a technetium-99m pertechnetate scan to evaluate testicular blood fl ow can assist in making 
a diagnosis. Decreased blood fl ow to the testicle results in an area of decreased radioactive activity or a “cold 
spot” on the scan. A long-standing torsion or missed torsion manifests as a hyperemic rim surrounding the cold 
spot. Scrotal ultrasonography with duplex Doppler will also display absent fl ow to the twisted testicle, is often 
easier to obtain, but is more operator dependent than a radionuclide study. If the diagnosis of testicular torsion 
is clinically in question, radiologic studies should be initiated only if they would not delay surgical intervention 
more than 6 hours after the onset of symptoms.

Differential Diagnosis
Th e acute pain and swelling found in testicular torsion can be attributed to several conditions, including tes-
ticular torsion, acute epididymitis or orchitis, incarcerated hernia, torsion of a testicular appendage, and acute 
hydrocele (Table 26-7). Briefl y, an infectious process of the testicle or epididymis may be associated with dysu-
ria, urinary frequency and urgency, urethral discharge, pyuria and bacteria on urinalysis, and increased fl ow on 
nuclear scan and Doppler ultrasound. Hernias are palpable, and incarceration may be associated with bilious 
vomiting and abdominal pain. Th e appendix testes and appendix epididymis, Müllerian and Wolffi  an duct rem-
nants, respectively, may twist and are palpable as focally tender areas at the upper pole of the testes or head of the 
epididymis. An ischemic appendix testes may appear as a “blue dot” visible through the scrotal skin; radionuclide 
scans and ultrasounds are normal or demonstrate increased fl ow.

A B

II

FIGURE 26-4. Anatomic relationship between the testis and tunica vaginalis in 
extravaginal (A) and intravaginal (B) torsion. From Gosalbez R Jr, Woodward JR: 
 Testicular torsion calls for urgent intervention. Contemp Urol 4(8):76–84, 1992. 
 Copyright Medical Economics Publishing.
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Management
Testicular torsion is a surgical emergency. Prompt, accurate diagnosis is imperative for surgical salvage of the 
testicle. Th e best testes survival is obtained when orchidopexy is performed within 8 hours of the onset of 
symptoms; only about 10% of twisted testicles are spared orchiectomy if surgery is performed after 24 hours. 
Irrespective of the fate of the twisted testicle, orchidopexy is performed on the contralateral testes to prevent its 
torsion. Manual detorsion with sedation as an emergent temporizing measure may be attempted; however, if it 
is successful, elective bilateral orchidopexy is indicated as acute retorsion may occur.

PHIMOSIS
Problems related to the foreskin (prepuce) occur commonly in ambulatory pediatric settings. At birth, the 
prepuce normally obscures the glans and meatus (physiologic phimosis) and can be retracted in 4% of boys. By 
6 months of age, 20% of boys have a fully retractable foreskin; the number increases to 50% by 1 year of age and 
to 90% by 3 years of age.

Pathophysiology
Phimosis is defi ned as nonretractability of a previously retractable foreskin. Smegma and skin oil production 
allow for the natural separation of the prepuce from the glans. Injury from forcible retraction of the prepuce and 
local infection from poor hygiene are the most common causes of true phimosis. Th ese processes lead to scarring 
of the preputial ring and eventual fi brosis. Th e trapped penis implies the retraction of the glans and the closure 
of the circumcised skin over the glans.

Clinical and Laboratory Evaluation
In some boys with phimosis, urine will distend the prepuce causing a “ballooning” during voiding. Th e presence of 
linear scars can be seen if there has been traumatic retraction of the prepuce. Areas with entrapped smegma can 
often be seen under the surface of the skin and be confused for cysts. Similarly, the extrusion of smegma from under 
the prepuce is often seen with any degree of preputial retraction; this white-yellow material is often confused for an 
infectious discharge. Smegma is a cheesy, solid material and not liquid, as seen with infection. In contrast, infection 
associated with phimosis (posthitis) often presents as preputial edema, erythema, and tenderness.

Management
Physiologic phimosis should be treated expectantly. A foreskin that has never been retracted and is not infl amed, 
infected, or scarred requires no treatment. Although some physicians believe that forcible retraction of the 
foreskin is important for satisfactory hygiene, this often causes signifi cant pain, fright, skin cracking, bleeding, 
and ultimately, scarring. When there is an indication for treatment of phimosis, the options include a course 
of topical steroids and manual retraction, which is eff ective in over 80% of patients when properly performed. 
Circumcision after the newborn period is a surgical procedure performed under general anesthesia. Th e prepuce 
is removed and sutures are used to reapproximate the skin. Th e most common complications of circumcision 
include bleeding and resulting skin abnormalities (excess, asymmetry).

PARAPHIMOSIS

Pathophysiology
Paraphimosis is the inability to place the foreskin in its natural position following retraction. A preputial ring 
can act as a tourniquet, resulting in venous congestion and edema of the glans and foreskin. Enlargement of the 
glans worsens the paraphimosis and may progress to arterial occlusion. Necrosis and gangrene may develop if 
the process continues.

Clinical and Laboratory Evaluation
Paraphimosis appears as a grossly edematous prepuce located proximal to the glans. A tight ring of skin is no-
ticeable at the base of the edematous prepuce and glans. Impingement on the urethra may interfere with the 
urinary stream or cause urinary retention in the extreme case.
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Management
Treatment of paraphimosis involves fi rmly grasping the glans to reduce the edema followed by manual replace-
ment of the prepuce over the glans. If this fails, an incision of the constricting preputial ring is essential, if 
necessary, with a dorsal slit. After reduction, application of ice and the administration of oral antibiotics may 
help. A secondary circumcision can be performed after the infl ammation abates.

POSTHITIS/BALANITIS

Pathophysiology
Posthitis and balanitis refer to infl ammation of the prepuce and glans; accompanying cellulitis may or may not 
be present. In uncircumcised boys, they may occur secondary to phimosis or may result in phimosis following 
the infl ammatory process. In circumcised boys, contact dermatitis from urine or soap may induce balanitis.

Clinical and Laboratory Evaluation
Th e penis appears erythematous, swollen, warm, and tender at the glans (balanitis) or prepuce (posthitis). If the 
infection aff ects the urethral meatus, a secondary meatitis may result. Children may complain of dysuria and 
voluntarily refrain from voiding because the urine makes contact with the infl amed area. A purulent discharge 
may exude from under the prepuce. Fever is uncommon.

Management
Medical management is appropriate. In the majority of cases, warm sitz baths and topical antibiotics are satisfac-
tory. Management should include oral antibiotics to treat a cellulitis. A dorsal slit (incision of the dorsal aspect 
of the prepuce) can assist with drainage of the purulent material. Circumcision can be performed electively after 
the infl ammation has subsided.

HYPOSPADIAS
Hypospadias is the congenital displacement of the urethral meatus ventrally on the penis. Th e incidence of this 
common anomaly is 1 in 300 boys and is often associated with chordee (fi brous tissue that creates an abnormal 
ventral penile curvature). Th e urethral meatus may be located anywhere from the distal glans to the penoscrotal 
junction and perineum. Fifty percent to 70% of hypospadias are located anteriorly on the glans, corona, or distal 
penile shaft (Figure 26-5). Th e etiology of hypospadias is unknown, but may be multifactorial; there is a familial 
risk of 8% to 14% if fathers or brothers are aff ected.

Pathophysiology
A working knowledge of urethral embryology is essential for understanding the development of hypospadias. 
Th e male urethra forms between 8 and 15 weeks of gestation. Th e urethral folds, which line the two edges of 
the urethral plate, fuse in the midline and become tubular in a proximal to distal direction. Th e terminal urethra 
forms from an ectodermal plug that channels its way from the distal glans and meets the endodermally derived 
urethra at the subcoronal position. Anomalous fusion of the urethral folds or abnormal formation of the ecto-
dermal plug results in hypospadias.

Clinical and Laboratory Evaluation
A thorough inspection of the external genitalia is warranted. Th e prepuce is generally defi cient ventrally and 
may be redundant dorsally (dorsal hood). Th e shaft skin proximal to the meatus is usually thin. Th e location 
of the meatus may be anywhere—just below a dimple at the very distal glans or hidden between the halves 
of a bifi d scrotum or in the perineum. Chordee may be present on inspection or may be elicited only by an 
“artifi cial erection” (intraoperative injection of saline into the corpora cavernosum); it may be mild or almost 
90 degrees in ventral defl ection. Th e urinary stream is generally unaff ected, but may be defl ected downward 
by the location of the meatus. It is necessary to palpate the scrotum for the presence of both testes and any 
associated inguinal hernias.
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Middle (30%)

Posterior (20%)

Anterior (50%)

Perineal

Scrotal

Penoscrotal

Proximal shaft

Midshaft

Subcoronal

Distal shaft

Glanular

FIGURE 26-5. Classifi cation of hypospadias. From Duckett JW Jr: Successful hypos-
padias repair. Contemp Urol 4(4):42–55, 1992. Copyright Medical Economics Publishing.

Differential Diagnosis
Hypospadias may be an isolated condition or associated with other anomalies including cryptorchidism and 
inguinal hernia. It may represent a form of intersex, particularly when located proximally or associated with 
unilateral or bilateral cryptorchidism. It is important to remember that when hypospadias is related to a possible 
intersex state, sex assignment should be delayed and may not correspond to the child’s karyotype.

An impalpable testes may refl ect a chromosomal abnormality (mixed gonadal dysgenesis), androgen in-
sensitivity, or true hermaphroditism. If neither gonad is palpable, the pediatrician should consider a defect in 
steroidogenesis (congenital adrenal hyperplasia).

Management
Treatment involves surgical reconstruction, usually performed at 6 to 18 months of age. Th e surgical goal is to pro-
vide the child with a normal-appearing and functioning penis. Th e fi rst portion of the surgery involves correction 
of the chordee, sometimes simply by releasing the skin or by placating the corpora or placing a graft. Second is the 
urethral reconstruction so that the meatus is at the tip of the glans. Th e foreskin is frequently used in the repair; 
thus, circumcision should not be performed pending consultation with a pediatric urologist. Repair of distal hypos-
padias is generally an ambulatory procedure, whereas more proximal repairs may require brief hospitalization.

CRYPTORCHIDISM
Undescended testes, or cryptorchidism, is the most common urogenital congenital anomaly. It has an incidence 
of 3.4% at birth, which decreases to 0.8% by 1 year of age.
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Pediatric Pearl: Low birth weight and prematurity are associated with higher rates of 
cryptorchidism.
Pe
cry

Histologic changes in the cryptorchid testes are found by the second year of life and pose a risk for malig-
nancy and infertility. Th us, undescended testes require treatment before a child’s second birthday.

Pathophysiology
Although the mechanism of testicular descent is not well understood, postulated theories include traction on the 
gubernaculum, diff erential growth of the body wall, increased intra-abdominal pressure, and hormonal factors. 
Embryologically, testicular descent begins during the eighth week of gestation with attachment of the gubernacu-
lum. Th e transabdominal phase of testicular descent from the abdomen to the internal inguinal ring is fi nished by 
week 12. A dormant period exists until week 28, after which the transinguinal phase begins leading the testes from 
the internal inguinal ring into the scrotum. Testicular descent may become arrested at any point in development.

Biopsy of cryptorchid testes, particularly intra-abdominal testes, demonstrates histologic abnormali-
ties. Th ese include a decreased number of germ cells, greater number of hormonally dormant Sertoli cells, 
increased collagen deposition, and fi brosis around the seminiferous tubules. Th e contralateral testes, even if 
normally descended, may also demonstrate abnormal histology. Fertility is generally reduced, and 20% of men 
may remain infertile despite surgical correction in childhood.

Testicular neoplasm is 20 to 45 times greater in undescended testes, with an overall incidence of 4% to 
11%. Seminoma is the most common malignancy. Although correction (hormonal or surgical) does not reduce 
malignant potential, it does allow for self-examination and earlier tumor detection.

Clinical and Laboratory Evaluation
Undescended testes may be classifi ed according to location: truly cryptorchid (arrested in the normal path of 
descent), ectopic (arrested in an abnormal position), or retractile (able to be brought into the scrotum followed 
by retraction) (Figure 26-6). Th e truly cryptorchid testes may be located anywhere along the normal pathway of 
descent, including the abdomen. Ectopic testes are found outside of the normal pathway. Testes that are found 
high in the scrotum that can be brought to the normal position, albeit temporarily, are retractile and are not at 
an increased risk of infertility or malignancy. Physical examination should also focus on the size and shape of 

Perineal

Femoral

Transverse

Suprapubic

Superficial
inguinal

Intra-abdominal

FIGURE 26-6. Location of undescended testes. From Freedman AL, Raijfer J: Cryptorchism: 
Reliable surgery amid uncertainties. Contemp Urol 4(1):59-70, 1992. Copyright Medical 
 Economics Publishing.
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the penis because cryptorchidism in the presence of an abnormal phallus may refl ect a hormonal aberration or 
an intersex condition.

In the case of bilateral impalpable cryptorchidism, it may be helpful to evaluate serum hormone levels. Low 
testosterone and high gonadotropin levels suggest primary testicular failure or absent testes. If normal or low 
levels of gonadotropins and testosterone are present, a stimulation test with human chorionic gonadotropin can 
be performed to assess the presence of functioning testicular tissue. An increase in serum testosterone implies 
functioning testicular tissue; it is necessary to determine the location.

Differential Diagnosis
Th e truly cryptorchid testes may be an isolated feature or associated with intersex (refer to Hypospadias, Diff erential 
Diagnosis). Retractile and ectopic testes are generally isolated fi ndings unrelated to an intersex condition.

Management
Th e following general principles apply to the management of undescended testes (Figure 26-7):

• Surgical correction (orchidopexy) is the primary treatment modality in the United States, whereas hor-
monal stimulation is more common in Europe.

Orchidopexy

Laparoscopic
confirmation

Observation

Bilateral testicular prosthesis
and hormonal replacement

Anorchia

Unilateral
crytorchidism

or ectopia

Is one testis palpable?End

Yes

Yes

Yes

No

No

No

Both testes palpable in scrotum? 

hCG stimulation test

Retractile
testis

Orchiectomy
+ prosthesis

Orchidopexy

Surgical
correction

Laparoscopic
localization

Abdominal
exploration

NegativePositive

Bilateral cryptorchidism

–

FIGURE 26-7. Algorithm for the evaluation and management of undescended testes. hcG, human chorionic gonadotropin.
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• Treatment should be instituted before 1 year of age.
• Radiographic studies are of limited value in searching for or confi rming undescended testes.
• Laparoscopy is the most accurate modality to identify intra-abdominal testes.

VESICOURETERAL REFLUX
Th e retrograde passage of urine from the bladder to the ureter, vesicoureteral refl ux (VUR), is commonly found 
during the evaluation of urinary tract infections (UTI) and prenatal hydronephrosis. Although the exact inci-
dence is not known, a familial tendency is reported with approximately 30% of siblings having VUR. Th e impor-
tance of detecting VUR lies in the prevention of infection and subsequent impairment of renal function. VUR 
may be minimal or may grossly deform the renal collecting system and ureter. Th e international classifi cation 
system of VUR is depicted in Figure 26-8.

Pathophysiology
VUR can be divided into primary (abnormal mechanics at the vesicoureteral junction unrelated to obstruc-
tion or abnormal voiding) and secondary (related to obstruction or abnormal voiding). Th e ureter passes 
through the bladder at an oblique angle such that the roof of this tunnel compresses the ureter as the bladder 
fi lls with urine. Th e ratio of the tunnel length to ureteral diameter is purportedly important in maintain-
ing competence of this mechanism (minimal ratio of 3:1). Any aberrancy in this valvular mechanism can 
lead to VUR. Similarly, any distortion of the ureteral orifi ce or displacement from its normal position can 
result in VUR. Th ese abnormalities include ureteral duplication, ectopic ureteral location, and ureterocele 
(cystic dilatation at the ureteral orifi ce). Furthermore, high bladder pressures or obstruction to the fl ow of 
urine (posterior urethral valves, tumors, urethral strictures) may lead to disruption of the normal valvular 
mechanism.

VUR in the presence of infected urine poses a signifi cant threat to renal function. Bacteria gain entry 
to the renal medulla through abnormal papilla, stimulating an immune response. Superoxide, released to kill 
the bacteria, damages the tubular cell wall and produces a renal scar. Scarring leads to contraction of the renal 
parenchyma overlying the aff ected papilla and loss of function (refl ux nephropathy). At its worst, end-stage renal 
disease ensues with subsequent need for dialysis or renal transplantation.

Clinical and Laboratory Evaluation
Th e fi rst febrile UTI or a history of VUR in a sibling or parent should prompt a search for VUR.  Symptoms 
may refl ect either the UTI (fever, vomiting, failure to thrive, dehydration, lethargy) or VUR (mild fl ank 
pain, hypertension). Accurate documentation of infected urine obtained from urethral  catheterization, 

I II III IV V

Grade of reflux

FIGURE 26-8. International classifi cation of vesicouretal refl ex. From Freedman AL, Rajfer J: Cryptorchism: Reliable 
surgery amid uncertainties. Contemp Urol 4(1):59–70, 1992. Copyright Medical Economics Publishing.
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 suprapubic aspiration, or a “clean-catch” in older children is acceptable; urine cultures from bagged 
 specimens are  valuable only if negative prior to administration of antibiotics and this practice should be 
avoided.

After documentation of a UTI, the radiographic evaluation begins with a sonogram of the bladder 
and kidneys. Th e presence of hydronephrosis or dilated ureters raises the possibility of VUR, although 
low-grade VUR is not excluded by a normal sonogram. Voiding cystourethrography (VCUG) is then per-
formed by placing a urethral catheter and fi lling the bladder with iodinated contrast. Fluoroscopic or static 
images of the  urinary tract looking for the presence of contrast in the ureter or renal collecting system 
confi rm the diagnosis. Th e grading of refl ux is based on the VCUG results. Th e presence of renal scarring 
and  assessment of renal function can best be made by dimercaptosuccinic acid (DMSA) nuclear scan. 
 Cystoscopy is reserved for those children who require surgical correction or who have a suspected bladder 
or urethral anomaly.

Differential Diagnosis
VUR is one cause of hydronephrosis or hydroureter. Other conditions are possible (Table 26-8).

Management
Th e goals of managing VUR is to prevent recurrent UTIs and pyelonephritis and, in so doing, avert the develop-
ment of cortical scarring with loss of function and hypertension. Th e lower the grade, the higher is the chance 
of spontaneous resolution (90% for grade 1 vs. 40% to 50% for grade 5). While awaiting spontaneous resolution 
or deciding on surgical management, chemoprophylaxis is instituted; amoxicillin is used in the fi rst 2 months 
of life and then often changed to either trimethoprim-sulfamethoxazole (risk of kernicterus or megaloblastic 
anemia) or nitrofurantoin (risk of pulmonary fi brosis).

Surgical indications include breakthrough UTIs, new renal scarring, noncompliance with prophylaxis, 
persistent high-grade refl ux, and parental choice. Surgery for high grades of VUR involves the reimplantation 
of the ureter with a longer submucosal tunnel, allowing greater compression of the ureter by the bladder muscle. 
For the lower grades of refl ux, this surgery is also applicable to lower grades of refl ux (success rates greater than 
98%) or the endoscopic injection of a bulking agent submucosally under the aff ected ureter (success rates about 
70% to 80%).

 TABLE 26-8

Differential Diagnosis of Hydronephrosis and Hydroureter
VUR

Ureteropelvic junction obstruction

Megaureter

Prune belly syndrome

Posterior urethral valves

Neurogenic bladder

Diabetes insipidus

UTI

Prior ureteral or renal pelvic surgery

Urethral stricture

Ureterocele

UTI, urinary tract infection; VUR, vesicoureteral refl ux. 
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PEDIATRIC OPHTHALMOLOGY
Debbie Alcorn

EYE ANATOMY
Th e upper and lower eyelids each contain a fi brous plate called the tarsus. Th is gives the eyelids their strength 
and stability. Th e upper tarsal plate is larger than the lower tarsal plate. Th e lashes emerge from the edge of the 
eyelid, called the eyelid margin. Th e medial canthus is the junction of the eyelids medially, whereas the junction 
of the eyelids temporally is the lateral canthus (Figure 26-9). Th e opening between the upper and lower lid is 
the palpebral fi ssure.

Th e outer part of the eye is the sclera. It is generally white and opaque, extending posteriorly and cir-
cumferentially to form the structural wall of the eyeball. Th e visible sclera is covered anteriorly by a translucent 
vascular membrane, the conjunctiva. Th e conjunctiva stretches over the sclera of the eyeball and folds around in 
the upper and lower fornices to cover the inner side of the eyelids (here called the palpebral conjunctiva).

Th e cornea is the transparent optically clear dome overlying the colored part of the eye (iris). It is the main 
refractive surface of the eye. Th e junction between the cornea and the sclera is the limbus. Just posterior to the 
pupil is the lens of the eye, which focuses light onto the retina. Th e space between the iris and cornea is the an-
terior chamber. It contains fl uid, the aqueous humor, which drains out of the eye through the anterior chamber 
angle—the junction of the cornea and iris. It is obscured by the edge of the cornea/scleral junction (the limbus), 
so specialized mirror lenses are used to view angle structures. Fluid drainage through the angle structures is 
important to keep the intraocular pressure at a normal level (relevant in glaucoma).

All of these structures compose the anterior segment of the eye. All structures behind these are 
referred to as the posterior segment. Th e clear gelatinous material comprising the inside of the eyeball is called 
the vitreous body. Lining the inner wall of the back of the eye is a thin and clear membranous structure called 
the retina. It receives and processes visual input to be conducted to the brain along axons that travel in the optic 
nerve. Th e retina contains blood vessels, and derives its blood supply from these as well as from a vascular layer 
between it and the sclera (called the choroid/choriocapillaris). Th e central retina, responsible for sharp central 
vision, is called the macula. Th e central, most specialized, part of the macula is the fovea.

Th e eyes are encased by four bony walls forming the orbit. Th e medial wall separates the orbit from the 
ethmoid sinuses and is the thinnest (paper-thin) orbital wall (the lamina papyracea). Th e inferior wall is second 
to the medial wall in thinness. It separates the orbit from the maxillary sinus. Th e lateral wall is the thickest. Th e 
superior orbital wall/orbital roof separates the orbit from the anterior cranial fossa.

Blood vessels and nerves, including the optic nerve, exit the orbit posteriorly through foramina at the 
orbital apex. Th e two optic nerves partially decussate at the optic chiasm, with 54% of fi bers (those from the 
nasal retina/temporal visual fi eld) crossing at the chiasm. Visual input from the left-sided visual fi eld is therefore 
passed to the right cerebral hemisphere, and vice versa. Axons carrying visual input then are carried through the 
brain, with processing occurring at multiple locations including the primary visual cortex in the occipital lobe.

FIGURE 26-9. Anatomy of the eye.
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Th e optic nerve (CN II) carries visual information as well as the aff erent fi bers for pupil function. Th e ef-
ferent fi bers for pupil constriction (parasympathetics) travel in CN III. Visual acuity develops such that children 
should start to fi xate and follow objects by about 8 to 12 weeks of age.

Pediatric Pearl: The presence of an afferent pupillary defect implies disease of the optic 
nerve (or retinal disease severe enough to affect the majority of the input to the optic nerve).
Pe
ne

Th ere are seven extraocular muscles: the four rectus muscles (medial, lateral, superior, and inferior), 
two oblique muscles (superior and inferior), and the levator palpebrae superioris muscle. Th e four rectus 
muscles originate near the orbital apex and insert on the sclera approximately 6 mm posterior to the limbus. 
Th e lateral rectus muscle (innervated by CN VI) performs abduction of the globe, and the medial rectus 
(innervated by CN III) performs adduction. Th e primary function of superior rectus muscle (innervated by 
CN III) is elevation, but it also performs intorsion (rotation of the eye nasally) and adduction. Similarly, the 
inferior rectus is innervated by CN III and primarily performs depression but also extorsion and adduction. 
In addition to the four rectus muscles, there are two oblique muscles. Th e superior oblique muscle (inner-
vated by CN IV) travels along the medial orbital wall from the orbital apex to the anterior orbit just below 
the medial brow. Th ere, it curves around the trochlea and inserts on the top of the eyeball, just underneath 
the superior rectus muscle. Th e superior oblique is primarily involved in extorsion, secondarily with depres-
sion and abduction. Finally, the inferior oblique muscle courses from the anteromedial orbital wall to insert 
on the posterior aspect of the eye, near the macula. Th is muscle performs extortion as well as elevation and 
abduction.

PEDIATRIC OPHTHALMOLOGY BASICS

Trauma

Pediatric Pearl: Eye conditions warranting emergent ophthalmology evaluation include 
ruptured globes, orbital fractures with suspected entrapment, retrobulbar hemorrhage with 
proptosis, orbital cellulitis, retinal detachment (RD), and alkali burns.

Pe
ru
pr

Orbit

Orbital Fracture. Th e bony walls of the orbit, especially the inferior and medial walls, are vulnerable to frac-
ture from blunt injury to the orbit. Th is is typically a blow-out type injury from the acute increase in intraorbital 
pressure from direct impact. In many cases, this is not a severe injury and requires no specifi c treatment. Most 
patients will heal and never need surgical repair. Th e orbital fl oor can be fractured in conjunction with more 
extensive fractures of the midface, involving the orbital rim and/or the zygomatic complex. However, pediatric 
patients in particular are susceptible to entrapment of the extraocular muscles within the bony fracture. Th is is 
more likely with small fractures, and can occur via a trapdoor eff ect. Signs of muscle entrapment include pain 
with attempted eye movement (especially opposite from the fracture site), diplopia, nausea, and bradycardia. 
Entrapment is frequently an indication for urgent surgical repair. Repairs may also be done (less urgently) for 
very large fractures causing enophthalmos from protrusion of orbital contents through the fracture. An orbital 
CT scan should be obtained when an orbital fracture is suspected in a trauma setting. Th e eye itself must be 
carefully examined to rule out any associated intraocular damage.

Retrobulbar Hemorrhage. As the name denotes, this is bleeding behind the eye and can be very concern-
ing. If enough blood accumulates in this enclosed space, the eye is pushed forward (becoming proptotic) and 
may raise the intraocular eye pressure to high levels as well as causing pressure on the optic nerve. It should 
be treated urgently with a lateral canthotomy and cantholysis (cutting both the tissue just beyond the lateral 
canthus and the underlying tendon). Signs of retrobulbar hemorrhage include proptosis, eye pain, elevated in-
traocular pressure, and decreased vision. An orbital CT scan should be obtained when it is suspected, but if there 
is a high index of clinical suspicion for a retrobulbar hemorrhage, the lateral canthotomy/cantholysis should be 
performed fi rst.
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Traumatic Optic Neuropathy. Th e optic nerve can be damaged by orbital trauma both via direct and in-
direct mechanisms. As the name suggests, direct traumatic optic neuropathy results from direct compression/
impingement of the optic nerve, usually by bony fragments or an orbital foreign body (such as a bullet). Indi-
rect traumatic optic neuropathy is caused by compression of the optic nerve without direct impingement (e.g., 
compression by soft tissue swelling). Signs of traumatic optic neuropathy are decreased vision with an aff erent 
pupillary defect (the aff ected pupil appears to paradoxically dilate when a light is swung from the normal eye to 
the abnormal eye, and similarly, the normal pupil constricts when the light is swung from the abnormal eye to 
the normal eye). A CT scan should be obtained to determine direct versus indirect etiology.

Eyelids

Laceration. Eyelid lacerations can be very disfi guring as well as aff ecting the lacrimal system. Th ey require 
specialized repair in the following settings: full-thickness, eyelid margin involvement, and/or canaliculus (tear 
duct) involvement at the medial canthus. Often in pediatric cases of children sustaining dog bites, the injury is 
medially and one must be highly suspicious for a laceration involving the lacrimal system.

Globe

Ruptured Globe. Any blunt or penetrating injury may result in a full-thickness injury to the eyeball, poten-
tially with expulsion of intraocular contents. Warning signs for a ruptured globe include decreased vision, peaked 
or irregular pupil, protrusion of pigmented material through a wound, deformed globe, and/or 360 degrees 
of elevated (chemotic) subconjunctival hemorrhage. Whenever a ruptured globe is suspected, a CT of the orbits 
should be performed to look for an intraocular foreign body or evidence of other injury. A protective shield 
should be placed over the eye, and any manipulation should be minimized until urgent surgical repair can be 
performed.

Cornea/Conjunctiva

Corneal Abrasion. An abrasion of the surface epithelium of the cornea can result from any mechanical 
trauma. Symptoms include eye pain (the most prominent symptom), decreased vision, redness, tearing, and 
foreign body sensation. Th e epithelial defect can be seen easily by staining the ocular surface with fl uorescein 
dye. Th e area of absent epithelium will absorb the dye and fl uoresce under a blue light. Th e abrasion  usually 
heals within days (depending on size). Injuries from organic material are at higher risk of infection and should 
consequently be followed more closely. Treatment is with topical ophthalmic antibiotic ointment or oph-
thalmic solution (drops). Topical anesthetic can be administered to aid in examination, but should never be 
given for the patient’s personal use, as it inhibits epithelial healing and can cause severe corneal damage with 
prolonged use.

Foreign Body. Small fragments of metal, wood, or other material can sometimes become embedded in the cor-
nea or conjunctiva. Symptoms include foreign body sensation, tearing, and eye pain. It is important to verify that 
the foreign body has not caused a full-thickness penetrating injury. If the globe appears grossly formed without 
obvious injury, this can be done by a Seidel test (applying concentrated fl uorescein from a strip to the foreign 
body site, shining a blue light on the eye, and watching for a focal area of yellow fl uorescence from leakage of 
fl uid). Th e presence of leakage is a positive indication and means the injury is likely full-thickness.

Foreign bodies can often be removed with copious irrigation, and this is the preferred method, especially in 
children. In a cooperative older child or teenager, these may be removed with a 25G needle. However, consulta-
tion with an ophthalmologist may be helpful for diffi  cult or fi rmly embedded foreign bodies and particularly for 
those directly over the visual axis.

Chemical Injury. Chemical burns can be very damaging to the eyes and cause severe problems both acutely 
and in the future. (Long-term problems include scarring of the cornea, eyelids, and/or conjunctiva). Children 
are especially vulnerable to this type of injury from accidental exposure to household chemicals. In the case of a 
chemical burn, fi rst and foremost the eye should be copiously irrigated. Th is is ideally done with saline, but it is 
far more important to irrigate quickly. Irrigation should be performed with the best liquid at hand—even soda 
is better than most household chemicals. If possible, the type of chemical should be determined, and the ocular 
pH checked. Basic chemicals are actually more damaging than acids as they cause saponifi cation and breakdown 
of the corneal tissue. Th e eye should be copiously irrigated with several liters of saline, and irrigation should not 
be stopped until the pH reaches 7.0. An ophthalmologist should be consulted to evaluate the eye for severity of 
damage. Severe burns can lead to permanent lid scarring and secondary ocular surface disease.
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Pediatric Pearl: Chemical injury to the eyes should always be treated with immediate and 
copious irrigation. Alkaline injuries are more damaging than acidic burns.
Pe
co

Subconjunctival Hemorrhage. Subconjuctival hemorrhage is usually the result of direct trauma or a sudden 
increase in intrathoracic pressure (i.e., Valsalva) or hypertension or coagulopathy. Th e vessels of the conjunctiva 
are very fragile and can easily burst with minimal manipulation (rubbing). A subconjunctival hemorrhage appears 
as a focal patch or confl uent redness between the conjunctiva and sclera. It is seldom painful, but occasionally 
there is some slight discomfort. Subconjunctival hemorrhages are generally benign and, like a bruise elsewhere on 
the body, will spontaneously resolve within a week or two. Th ey can also be associated with blood dyscrasias.

Anterior Chamber

Traumatic Iritis. Trauma to the eye can cause infl ammation of the iris, with release of pigmented iris cells 
and infl ammatory WBCs into the anterior chamber. Th e most prominent symptom is photophobia; patients can 
also experience eye pain and blurred vision. Treatment of iritis typically consists of topical steroid eyedrops to fa-
cilitate resolution of the infl ammation. An ophthalmologist should be consulted for evaluation and treatment.

One must always be aware of the potential complications of the use of topical ophthalmic steroids; includ-
ing cataracts, glaucoma, and/or infections. Topical steroids albeit very helpful in the proper setting, must be used 
judiciously and followed appropriately.

Hyphema. Hyphema is blood in the anterior chamber. Th is appears as a red layering of blood inferiorly, between 
the cornea and the iris. Symptoms are blurred vision, photophobia, and sometimes eye pain. In some cases the 
blood is nonlayering, as in instances when the patient has been lying down, or if the amount of blood is insuffi  -
cient or too diff use to settle (called a microhyphema). Trauma is often the precipitating cause, but other systemic 
etiologies in infants and children must be considered, such as retinoblastoma, juvenile xanthogranuloma of the 
iris, or bleeding diatheses (from a blood dyscrasia and/or leukemia). If the hyphema precludes a view of the 
 fundus, an ultrasound or CT scan is indicated to rule out an intraocular tumor in suspected cases.

Medical management of hyphemas remains controversial. Most agree that hyphema patients should rest 
(historically, strict bedrest) and wear a shield to protect the eye. Some use topical steroid eyedrops to aid in the 
resolution of the blood/infl ammation. Some use cycloplegic agents to keep the pupil dilated, to facilitate fun-
dus viewing, as well as to diminish movement of the iris vessels. Some advocate the use of oral antifi brinolytic 
agents (i.e., aminocaproic acid or tranexamic acid) as they have been shown to reduce the incidence of rebleed-
ing in these patients, although they can be associated with signifi cant, potentially worrisome side eff ects (e.g., 
hypotension, GI upset). Hyphemas may rebleed in 30% of cases. Th ese patients need to be followed closely by an 
ophthalmologist to monitor intraocular pressure and possible rebleed (highest risk during the fi rst 5 days after 
injury) and to evaluate for later sequelae such as glaucoma.

Iris

Traumatic Mydriasis. When the pupil on the side of injury appears to be dilated or irregular without an af-
ferent pupillary defect, this may be due to damage (think of it as shock) to the iris muscle. It often resolves with 
time. Traumatic mydriasis is frequently seen in concert with traumatic iritis. An irregular or peaked iris may 
indicate a ruptured globe.

Vitreous/Retina

Vitreous Hemorrhage. Severe trauma can also result in bleeding in the posterior segment, thus fi lling the 
vitreous cavity. Th e primary symptom is blurred vision, sometimes preceded by fl oaters (black spots perceived by 
the patient). Th e retina may not be clearly visualized on direct ophthalmoscopy. Traumatic vitreous hemorrhage 
most frequently results from tearing of a retinal blood vessel. Suspicion should be very high for a retinal tear 
because the retina may be torn simultaneously, and urgent evaluation by an ophthalmologist is warranted. Th e 
patient may require evaluation with an ocular ultrasound.

Retinal Detachment. Classic symptoms of a retinal detachment (RD) are fl oaters and fl ashes of light, with 
progressive spread of a patch of blurred vision from the peripheral visual fi eld toward central vision. RDs are 
uncommon in children except in the setting of trauma or preexisting conditions (i.e., retinopathy of prematurity 
[ROP], high myopia, Stickler syndrome). Evaluation by an ophthalmologist should be done quickly, as early 
surgical repair may provide the best chance of preserving vision.
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Amblyopia
Amblyopia is a unilateral or, less frequently, a bilateral reduction in vision. Amblyopia may be caused by visual 
deprivation (i.e., congenital cataract, ptosis/droopy eyelid, RD), strabismus, or anisometropia (inequality of re-
fraction between the two eyes). Th e prevalence of amblyopia in the North American population is 2% to 4%. 
Most amblyogenic visual loss is preventable if detected early and appropriately treatmented. Th us, children must 
be identifi ed at an early age when treatment is most successful.

Th e goal in any amblyopia treatment is to maximize the vision. Treatment is individualized to the etiology 
and the patient. Treatment may involve (1) eliminating the visual obstruction (i.e., removal of the congenital 
cataract or repair of the RD, or eyelid surgery to correct the ptosis), or (2) forcing the use of the poorer seeing 
eye (i.e., with patching of the good eye or optical penalization, or blurring of the good eye), and (3) correction 
of any signifi cant refractive error.

Pediatric Pearl: Amblyopia can result from any cause of visual deprivation (including stra-
bismus, cataract, and/or ptosis) and may lead to permanent visual compromise. It should be 
managed aggressively with patching (or an equivalent treatment) and treatment of the un-
derlying cause. Children must be evaluated at an early age to prevent permanent visual loss.
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Strabismus
Strabismus is ocular misalignment, whether horizontal, vertical, or torsional. Th e prefi x denotes the type of de-
viation: “eso” is inward deviation of the eyes; “exo” is outward deviation of the eyes; “hyper” or “hypo” denotes a 
vertical deviation. Th e most common type of strabismus in children is esotropia, accounting for more than 50% 
of ocular deviations in the pediatric population.

Pseudoesotropia is the false appearance of esotropia when the eyes are actually well aligned. Th e “apparent” 
esotropia is caused by a broad fl at nasal bridge, prominent epicanthal folds, or a narrow interpupillary distance. 
Th e parent or physician may notice more “white” (sclera) showing on one side versus the other. But on objective 
testing, there is no movement on cover/uncover testing, and the corneal light refl exes are centered. No treatment 
or intervention is required unless true strabismus develops.

Th e most frequent form of strabismus is infantile (classic “congenital”) esotropia. Th is is by defi nition 
present before 6 months of age, though typically not truly present at birth. It is typically large-angle and quite 
marked. Infants with infantile esotropia generally require eye muscle surgery to straighten the eyes, but should 
continue to be followed by an ophthalmologist as other eye alignment problems often occur months to several 
years later (inferior oblique overations and dissociated vertical deviation).

Some children have an accommodative type of esotropia in which the inward deviation is associated with 
accommodation and thus require glasses in a hyperopic (farsighted) prescription to help align their eyes. Th ese 
children typically present between 6 months and 6 years of age. Initially, it is only an intermittent deviation, but 
then may become constant if not treated. Th is is why it is most important that all children undergo a cycloplegic 
refraction (to check if they need a prescription for glasses) and assess their full refraction.

Exotropia is an outward deviation of the eyes. Approximately 70% of babies will have a transient exotropia 
at birth, which usually resolves by 2 months of age. Most young children with pathologic exotropia will have an 
intermittent form that manifests when they are tired, sick, and/or daydreaming.

Retinopathy of Prematurity
ROP is a devastating disease that occurs in premature and low-birth-weight infants. It is a proliferative (neovascular) 
retinopathy that can lead to tractional RD and permanent blindness in advanced forms. If an infant is born prematurely, 
the retinal vascular growth may be interrupted. Th ere may be vasoconstriction of the as yet incompletely vascularized 
retina, and subsequently, the ischemic retina releases vasculogenic mediators. Th ese mediators may cause harmful retinal 
neovascularization. In many cases, the disease will spontaneously regress, but the damage is severe when it does not.

Screening is indicated for infants with a birth weight less than 1,500 g (or 1,500 to 2,000 g with concern by 
the pediatrician), or a gestational age less than 30 weeks. Th e fi rst retinal exam should take place at 4 to 6 weeks 
postnatal age or at 31 to 33 weeks (whichever is later). Th e frequency of the exams depends on the severity of 
disease identifi ed. Treatments include laser therapy to the avascular retina in cases of progressive disease. Severe 
cases may warrant vitreoretinal surgery.
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Cataract
A cataract is a cloudiness or opacifi cation of the lens, most often seen in older patients; it is a normal process that 
happens with age (rates do diff er in people; can occur earlier in patients with diabetes, a history of eye trauma, or 
infl ammatory eye conditions). Th ere is a subset of cataracts, however, seen in children. Most pediatric cataracts 
are congenital, but they can also be caused by trauma (unilateral cataracts with appropriate history) or infection. 
Cataracts, which appear suffi  cient in size (generally bigger than 3 mm) or opacity to aff ect a child’s vision, war-
rant surgery.  Th e lenticular opacity may be detected by a decreased red refl ex or a white refl ex (leukocoria), signs 
of amblyopia, or preference for the other eye. A cataract present at birth and causing visual deprivation should 
be operated on within 2 months (or whenever the baby is cleared for general anesthesia and stable). Placement 
of intraocular lenses (a standard practice for adult patients) is controversial in children. No good accommodative 
intraocular lenses (providing both good distance and near vision) are currently available at this time.

If the lenticular opacity is not visually signifi cant, surgery is deferred. Th e child must be monitored closely 
for vision, alignment, and ocular preference. Amblyopia treatment may be indicated.

Nystagmus
Nystagmus is a repetitive rhythmic movement of the eyes, a few beats of which are normal in many people in a 
far eccentric gaze (i.e., looking far off  to the sides). Th ere are two phases: the slow drift away, followed by a fast 
jerk (saccade) back to fi xation. Th e most common type of nystagmus in childhood is sensory deprivation nystag-
mus, secondary to poor vision and lack of suffi  cient visual stimuli to develop a normal fi xation refl ex. Searching/
wandering nystagmus is classically correlated with visual acuity worse than 20/200, pendular nystagmus (equal 
fast and slow phases) with vision better than 20/200 in at least one eye, and jerk nystagmus (unequal slow and 
fast phases) with vision in the range of 20/60 to 20/100.

Other common forms of nystagmus seen in children include congenital nystagmus and manifest latent nystag-
mus. Congenital nystagmus is usually horizontal, conjugate, and directed in the direction of gaze. It disappears with 
sleep and is worse with distance gaze and fi xation. Manifest latent nystagmus occurs in patients with strabismus who 
are amblyopic or suppressing one eye (functionally monocular). Th e fast phase occurs in the direction of gaze. A rare 
unilateral form of nystagmus (monocular nystagmus of childhood, the Heimann-Bielschowsky phenomenon) with 
small amplitude vertical movements, is concerning and warrants an MRI scan to rule out optic nerve/chiasm glioma.

Glaucoma
Glaucoma is a retinal and optic nerve damage usually from relative increased intraocular pressure, which occurs 
rarely in children. But when it does, it can result in signifi cant visual loss, eye pain, and eye deformity. Signs of 
congenital glaucoma include eye pain, tearing, blepharospasm, and photophobia (and may manifest as crying and 
irritability in light). Th ere is often corneal edema (hazy appearance, sometimes even bluish hue, to the cornea). 
Th ere may be breaks in the posterior aspect of the cornea, which may be horizontally oriented (called Haab striae). 
Th e cornea itself is often enlarged, and positioned more vertically than horizontally. When long-standing, the high 
eye pressures of glaucoma result in pathologic enlargement of the eye (buphthalmos). Th e classic hallmark of glau-
comatous optic nerve damage is the presence of “cupping,” an enlargement of the optic cup relative to the entire 
optic disc. Particularly sensitive for this is asymmetry between the cup-to-disc ratios in each of the patient’s eyes.

When glaucoma is suspected, the child should be promptly referred to a pediatric ophthalmologist, as 
surgery is usually indicated and earlier treatment will improve prognosis. Management is chronic and frequently 
frustrating. It should be noted that while most classic childhood glaucoma is congenital, it can also result from 
other causes, such as chronic eye infl ammation and trauma. Congenital glaucoma, unlike adult forms, generally 
requires surgical intervention, as topical and/or systemic medications do not suffi  ce. Congenital glaucoma needs 
to be eff ectively controlled prior to 1 year of age to have the best chance of a positive outcome.

INFECTIONS

Conjunctivitis
Neonatal Conjunctivitis

Toxic chemical. Prophylaxis of neonatal conjunctivitis is mandatory in all states, but sometimes results in 
toxic conjunctivitis, particularly from silver nitrate solution. It is seen acutely in the fi rst 24 hours and resolves 
spontaneously over several days.
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Gonococcal. Th is usually develops on postnatal days 2 to 5 but may be delayed for a few weeks, resulting 
from exposure during birth. It is characterized by hyperacute, highly purulent discharge, marked lid swelling, 
and corneal involvement. Chemosis can be marked and/or hemorrhagic. Th e keratitis may be so severe as to 
cause a corneal ulcer or corneal perforation. Treatment is with systemic ceftriaxone, as well as topical antibiotics 
and frequent and copious irrigation.

Bacterial conjunctivitis demonstrates mucopurulent discharge and develops over days 5 to 10. It is treated 
with topical antibiotics.

Herpes simplex can cause conjunctivitis, beginning anywhere from day 5 to 30. Discharge is clear/serous, 
and there can be a keratitis with dendritic fl uorescein staining. It is usually unilateral. Antivirals should be used 
to prevent systemic spread and later complications.

Chlamydia. Th is usually presents at days 5 to 10 and is notable for a follicular reaction on the palpebral 
conjunctiva. Th ey may manifest variable eyelid swelling and a serous discharge. Infants should be treated with 
topical therapy as well as systemic erythromycin to prevent chlamydia pneumonitis and later rhinitis or otitis 
(Table 26-9). Infants and parents/caregivers must be tested.

Conjunctivitis in Older Children

See Table 26.9

Preseptal and Orbital (Postseptal) Cellulitis
Infections of the tissues around the eye can arise from external trauma, an extension of sinusitis, and/or eyelid 
glandular dysfunction. Preseptal/periorbital cellulitis and orbital cellulitis are anatomically divided by the fi brous 
orbital septum that stretches from the globes to the orbital rim and serves as a barrier to penetration of the orbit. 
Orbital cellulitis is a severe condition that can potentially be life- or vision-threatening. It requires hospitaliza-
tion, careful monitoring, and treatment with IV antibiotics. Whenever suspected, an orbital CT scan should be 
obtained to look for a focal abscess. Signs and symptoms of orbital cellulitis include proptosis, limitation/pain 
with eye movement, and/or chemosis. If one of the following four is present, the patient clinically demonstrates 
orbital cellulitis ( versus  preseptal): decreased visual acuity, an aff erent pupillary defect, decreased extraocular 
motility, and/or optic disc edema.

Dacryocystitis and Nasolacrimal Duct Obstruction
Dacryocystitis is an infection of the lacrimal sac (part of the tear drainage system from the puncta to the 
nasolacrimal duct and nose) that frequently occurs in the setting of a dacryocystocele and nasolacrimal duct 
obstruction. It presents as an elevated, red, tender mound just below the medial canthus, along the side of the 
nose. Firm pressure on the mound (Crigler massage) results in expression of purulent material from the puncta. 
Th is should be treated with antibiotics, aggressive massage, and management of underlying nasolacrimal duct 
obstruction. Otolaryngology consultation should also be obtained to look for nasal cysts, as these are present in 
approximately 20% of patients and can lead to diffi  culty breathing, with hypoxia during feeding.

 TABLE 26-9

Distinguishing Features of Conjunctivitis

Condition Features

Viral conjunctivitis Red eye(s) with clear/serosanguinous discharge and follicular reaction on 
palpebral conjunctiva. May have corneal fi ndings (small subepithelial infi l-
trates). Often associated with viral URI.

Bacterial conjunctivitis Red eye with mucopurulent discharge and papillary reaction on palpebral 
conjunctiva.

Allergic conjunctivitis Red eye with chemosis, prominent itching, papillary reaction on palpebral 
conjunctiva, and possibly some eyelid swelling.

URI, upper respiratory infection.
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Approximately 2% to 4% of normal neonates will have nasolacrimal duct obstruction, which presents as 
increased tearing. Most resolve spontaneously by 6 weeks and 90% resolve by 6 months. If the duct obstruction 
does not resolve spontaneously, surgical probing should be undertaken.

OTHER CONDITIONS

Ptosis
Congenital ptosis can be unilateral or bilateral and is characterized by a drooping upper eyelid (with limited lid 
excursion). Aff ected children may lack an upper eyelid crease and often assume a chin-up position to be able to see 
and fuse. Th ey should be allowed this altered head position. Cases range in severity. Severe ptosis is worrisome be-
cause it can result in visual deprivation amblyopia from occlusion of the visual axis. Th ese children may require early 
surgery to correct the ptosis. Milder cases may be monitored visually and the amblyopia appropriately treated.

Chalazion/Hordeolum
A hordeolum is the acute form and a chalazion is the chronic form of a focal swelling of the eyelid near the lid 
margin (commonly called a stye). A hordeolum is red, tender, and infl amed, whereas a chalazion is nontender 
and uninfl amed. Th ey result from obstruction of a meibomian or zeis gland orifi ce (glands that line the eyelid 
margin and secrete the oily part of the tear fi lm). Treatment is with frequent hot compresses and eyelid scrubs. 
Children can also be treated with oral antibiotics (i.e., erythromycin) for infl amed lesions. Th ese may wax and 
wane, be very chronic, and become very large. Th ey may require surgical excision.

Retinoblastoma
Retinoblastoma is a tumor of the retina, the most common malignant ocular tumor of childhood. Presenting 
signs and symptoms include leukocoria (a white pupil/“white” red refl ex), loss of vision, amblyopia, and/or 
secondary strabismus. Most bilateral and familial cases are diagnosed in the fi rst year of life, whereas sporadic 
unilateral cases are diagnosed between 1 and 3 years of life.

Retinoblastoma can be inherited or, more frequently, are sporadic. Sporadic cases may be due to new 
germline mutations or isolated mutations within the retina. Germline mutations involve the loss of a tumor 
suppressor gene on chromosome 13, present in all cells of the body. Th ese patients generally develop bilateral 
retinal tumors, as well as nonocular malignancies, by the age of 12 months. Treatment and prognosis depend 
on the stage of the tumor, and therapies include chemotherapy, laser, cryotherapy (freezing), radiation, and 
enucleation (surgical removal of the eye). Prognosis/survival rates can be quite good when detected early. 
 Patients with retinoblastoma require careful lifelong follow-up. Family members should also be examined. 
Patients with germline mutations are at risk for nonocular tumors, estimated to occur with an incidence of 
1% per year of life. Th ese secondary tumors are osteogenic sarcomas of the long bones and skull, brain tumors, 
soft tissue sarcomas, melanomas, lung cancer, breast cancer, and Hodgkin lymphoma. Th ose patients who 
received external beam radiation before 1 year of age have a higher incidence for additional malignancies.

Th ere is a long diff erential for leukocoria, including cataracts; RD; ROP; persistent fetal vasculature/ 
persistent hyperplasia of the primary vitreous (PHPV); Coats disease; coloboma of the optic disc or choroid, 
vitreous hemorrhage; Norrie disease; and toxocariasis. An abnormal red refl ex always warrants prompt referral 
to a pediatric ophthalmologist.

Pediatric Pearl: Any child with an abnormal/white red refl ex should be seen urgently by 
an ophthalmologist to evaluate for retinoblastoma, cataract, or other vision-threatening 
conditions.
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 A 

 ABCs, 613 t , 625, 627 

 Abdomen, examination in newborn, 10–11, 33 

 Abdominal mass 

 surgical condition, 664–665, 664–665 f  

 types, 666 t  

 Abdominal pain 

 acute, causes, 376 t  

 chronic or recurrent, causes, 377 t  

 evaluation of, 374–378 

 as a surgical condition, 657–658, 660 t  

 ABO compatibility, 14–15 

 Absence seizures, 522 

 Absolute shunt, 479 

 Achondroplasia, 253, 263 

 Acid-base balance 

 arterial blood gas measurement, 481 t  

 dehydration, 104 

 Acidosis, 366 

 Acid-peptic disease, 388–389 

 Acne vulgaris, 600–602 

 basic treatment guidelines, 601 

 Acrocyanosis, 296 

 Acute lymphoblastic leukemia (ALL), 440–441 

 clinical and laboratory features, 439 t  

 Acute myeloid leukemia (AML), 424, 437, 442–443 

 Acute renal failure, 571–575 

 Acute respiratory compensation, 481 t  

 Adaptive immunity, 461 

 Adenoidectomy, 674 

 indications and contraindications, 676 t  

 Adenotonsillitis, 675–677 

 Adolescent idiopathic scoliosis (AIS), 667–669 

 Adolescent(s) 

 causes of morbidity, 66–76 

 ethical issues, 135–136 

 mortality in, 64–66 

 obesity in, 71–72 

 physical growth and development, 60–62, 63 f  

 pregnancy in, 71 

 psychosocial and cognitive development, 62–64 

 sports injuries and treatment, 76–80 

 Adrenal enzymes, syndromes of defi ciency, 346 t  

 Adrenal insuffi  ciency, 348–350, 348 t , 350 t  

 Adrenocorticotropic hormone (ACTH), 333 

 unresponsiveness, 349 

 Adult (acute) respiratory distress syndrome, 642 

 Aff ordable Health Care for America Act, 148–149, 148 t  

 Airborne transmission of infection, 170 

 Airway.  see also  Lower airway, Upper airway 

 diff erential diagnosis, 677 t  

 obstruction, 638–640, 639 t  

 small, 641–643 

 Alagille syndrome, 407 

 Albuminuria, 541–542 

 Allergen immunotherapy, 452–453 

 Allergic contact dermatitis, 602 

 Allergic disorders, 449–457 

 foods, 455–457 

 Allergic rhinitis, 449–453 

 diff erential diagnosis, 451 t  

 Alopecia areata, 604–605, 604 f  

 Alpert syndrome, 681 t  

 Alport syndrome, 548 

 Alveolar-arterial oxygen gradient, 482 

 Amblyopia, 697 

 Anal fi ssures, 397 

 Anaphylaxis, 455, 457–459 

 causes, 458 t  

 Anatomic-mucociliary defense, in infections, 460, 460 t  

 Anemia, 239–240, 412–422 

 alternative classifi cations, 416 f  

 of chronic disease, 413, 417 

 classifi cation, 415–416 t  

 diff erential diagnosis, 241 t  

 iron defi ciency, 413–414, 417 t  

 vitamin B 
12

  or folate defi ciency, 416 

 Angular conditions, 671 

 Anion gap acidosis, 624 t  

 Aniridia, in newborn, 9 

 Anisocoria, in newborn, 9 

 Anorectal anomalies, 393 

 Anorexia, 399 

 Anorexia nervosa, 74–76, 75 t  

 Antepartum testing, 223, 224 t  

 Antibiotics.  see   specifi c conditions  

 Antidiuretic hormone (ADH), 354–355, 355 f , 355 t  

 syndrome of inappropriate secretion, 188, 276, 357–359 

 Antidotes, 626 

 Antigenic drift, 176 

 Antimicrobial treatment, pneumonia, 182 t  

�  
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 -Antitrypsin defi ciency, 409 

 Antiviral agents, infl uenza, 177 

 Anus, imperforate, 11 

 Anxiety 

 developmental perspective, 114 t  

 somatic symptoms, 118 t  

 Anxiety disorder, 117–119 
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 Aorta, coarctation, 10, 296, 305 

 Aortic hypoplasia, 10 

 Aortic stenosis, 296, 297 f , 299 t  

 Apgar score, 3, 4 t , 224, 276 t  

 Aplastic anemia, 425, 429 

 acquired, 413 

 Apnea, 233–234, 507–511 

 causes, 234 f  

 mixed, 234 

 obstructive sleep, 234, 675–677 

 postanesthetic, 653 

 Apparent life-threatening events (ALTE), 508–511 

 diff erential diagnosis, 510 t  

 lab evaluation, 511 t  

 management options, 616 t  

 other tests in evaluation, 512 t  

 Appendicitis, 375, 658, 660 

  Arcanobacterium hemolyticum,  169 

 Arrhythmia, 614 

 Arrhythmogenic syncope, 331 

 Arterial blood gas measurement, 633 

 Arterial ischemic stroke, 519 

 Arthralgias, 400 

 Arthritis.  see also   specifi c type  

 infectious, 191–194, 670 

 Aseptic meningitis, infectious and noninfectious 

causes, 189 t  

 Asperger syndrome, 290 

 Assisted ventilation, 633–638 

 Asthma, 492–499, 642 

 chest radiograph, 488 f  

 classifi cation of subtypes, 495 t  

 clinical appearance, 496 t  

 eff ective treatment, 152–153 t  

 infl ammatory cascade, 494 f  

 medications, 497–498 t  

 Asthma Action Plan, 495 

 Asymmetrical crying facies syndrome, 8–9 

 Atonic seizures, 522 

 Atopic dermatitis, 453–455, 602 

 diff erential diagnosis, 454 t  

 topical steroids, 45 t  

 Atrial dysrhythmias, 314–316 

 Atrial ectopic tachycardia, 310 

 Atrial fi brillation, 316 

 Atrial fl utter, 316 

 Atrial septal defect, 296, 297 f , 299 t , 302 t , 304 f  

 Atrioventricular block, 318 

 Atrioventricular septal defect, 299 t  

 Attention-defi cit hyperactivity disorder (ADHD), 116–117 

 Autistic spectrum disorders (ASD), 287–290, 288 f , 528–531 

 diagnostic criteria, 289 t  

 Autoimmune hepatitis, 409 

 Autoimmune myasthenia gravis, 515 

 Auto safety, counseling guidelines, 45–59 t  

 Autosomal dominant inheritance, 262–263, 262 t , 263 f  

 Autosomal recessive disorders, 265–266, 265 t  

 B 

 Baby-proofi ng, 21 

 Bacterial conjunctivitis, 699, 699 t  

 Bacterial exanthems, 203–207 

 Bacterial infections 

 neonatal, 236–237 

 skin, 606 

 Bacterial meningitis, 184–190 

 empirical antibiotic therapy, 190 t  

 infectious causes, 187 t  

 Bacterial pneumonia, 179–180, 181 t  

 Bacterial tracheitis, 640 

 Bacterial vaginosis, in adolescents, 69–70 t  

 Balanitis, 687 

 Barlow maneuver, 33, 33 f  

  Bartonella henselae,  182 

 Bayley Scales of Infant Development, 279 

 B cells 

 in adaptive immunity, 461 

 defects, 465–468, 466–467 t  

 Becker muscular dystrophy, 517–518 

 Bed-wetting, 22 

 Behavior, 113–119 

 common conditions, 115–117 

 environment and, 113–114 

 history, 115 

 neurologic and environmental mediators, 114 t  

 temperament and, 114 

 Benign rolandic epilepsy, 523 

 Bicycle safety, counseling guidelines, 45–59 t  

 Biliary atresia, 406 

 Birth history, review with parents, 14 

 Birthmarks, 599 

 Bleeding,   excessive during surgery, 431 

 Blood cell disorders, 411–425 

 Blood gas analysis, 479–480 

 Blood pressure, levels, 558–563 t  

 Blood urea nitrogen, GFR and, 535 

 Bone and joint infections, 191–196 

 Bone marrow failure, 425 

 Bone tumors, 446–447 

  Borrelia burgdorferi,  216 

 Botulinum neurotoxin A, for cerebral palsy, 286 

 Boys 

 adolescent growth and development, 61–62 

 head circumference, 30 f  

 hypogonadism, 339 t  

 length-for-age percentiles, 28 f  

 stature-for-age percentiles, 29 f  

 weight-for-age percentiles, 28 f , 29 f  

 Brachial plexus palsy, 12 

 Brain tumors, 444, 531–533 

 Branchial cleft abnormalities, 678–679 

 Branch pulmonary stenosis, 302 t  

 Breast-feeding, 87–91, 90–91 f  

 composition of breast milk, 93 t  

 contraindications, 88 

 maternal drug eff ects, 89 t  

 Breast milk jaundice, 15 

 Breathing control, apnea and, 507–512, 508 t  

 Bronchiolitis, 172–174, 641 

 Bronchopulmonary dysplasia (BPD or CLD), 232–233, 233 f , 

506–507 

 Bronchoscopy, 490, 640 

 indications for, 491 t  

 Brudzinski sign, 186 

 Bulimia nervosa, 74–76, 75 t  
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 Bullous impetigo, 205 

 Buphthalmos, 8 

 Burns 

 counseling guidelines, 45–59 t  

 estimation of extent, 628 t  

 hospitalization, 629 t  

 offi  ce or ER care, 626–629 

 C 

  Campylobacter jejuni,  379 

 Cancer, 433–447 

 children 1–15 years of age, 436 t  

 inherited syndromes with, 437 t  

  Candida albicans,  600 

 Capnography, 633 

 Carbon dioxide imbalance, 478 

 Cardiac dysrhythmias, 309–318, 311 f , 312–314 f  

 Cardiogenic shock, 614, 648–649 

 Cardiology, 294–332 

 Cardiomyopathies, 319–322 

 Cardioversion, 316 

 Cataract, 698 

 Catscratch disease, 182 

 Cat’s cry syndrome.  see  Deletion 5P syndrome 

 Cavernous hemangiomas, 7 

 Cellulitis, 203, 205 

 Central nervous system (CNS) 

 infections, 184–191 

 newborn, 13 

 Central venous pressure, 633 

 Cephalohematomas, 7–8 

 Cerebral contusion, 617 

 Cerebral edema, in diabetic ketoacidosis, 368 

 Cerebral palsy, 279–287, 280 f  

 associated disorders, 284 t  

 classifi cation, 281 t  

 dyskinetic, 283 

 medical conditions associated with, 282 t  

 risk factors, 281 t  

 treatment, 285 t  

 Cerebrospinal fl uid, normal indices, 188 t  

 Cerebrovascular accident, 519–520 

 Cervicitis, 69–70 t  

 Chalazion, 700 

 Chancroid, in adolescents, 69–70 t  

 Chédiak-Higashi disease, 425 

 Chemicals 

 in genetic disorders, 271 

 injury to the eye, 695 

 Chemotherapy, 441, 442 

 Chest, examination in newborn, 10 

 Chest pain, 327–329 

 non-chest wall causes, 328 t  

 thoracic causes, 327 t  

 Chickenpox (varicella), 202–203, 608 

 Child abuse, 118–119 

 Childhood disintegrative disorder, 290 

 Children’s Oncology Group, 440–441 

 Chlamydia, conjunctivitis and, 699 

  Chlamydia trachomatis,  9, 69–70 t , 551 

  Chlamydophila pneumoniae,  178 

 Choanal atresia, in newborn, 9 

 Chordee, penis of newborn, 11 

 Christmas disease, 430 

 Chromosomal disorders, 257–262 

 Chronic cough, clues to diagnosis, 483 t  

 Chronic diseases 

 hepatitis, 407–410 

 lung, 249 

 sports participation and, 84 

 Chronic illness, poverty and, 125 

 Chronic lung disease (CLD) BPD and, 506–507 

 Chronic myelocytic leukemia (CML), 437 

 Chronic renal failure, 571–575 

 causes, 575 t  

 Clavicle, fracture in newborn, 12 

 Clinodactyly, fi nger of newborn, 12 

 Clonic seizures, 522 

  Clostridium diffi  cile,  380 

 Clubbing, stages, 503 t  

 Clubfoot (talipes equinovarus), 12, 667 

 Coagulation cascade, 427 f  

 Coagulation disorders, 268, 430 

 Coagulopathy 

 DIC, 430 

 laboratory abnormalities, 428 t  

 Coarctation of the aorta, 10, 296, 299 t , 305 

 Cochlear implants, 682 

 Cognitive development, surveillance of, 24–25 

 Colorectal cancer, 400 

 Commotio cordis, 614 

 Communication, children from diverse backgrounds, 

127–128, 128 t  

 Communicative development, surveillance of, 22 

 Compensated shock, 612 

 Complement defects, 470–476, 476 t  

 Computed tomography, pulmonary abnormalities, 489 f , 489 t  

 Concussion, 617 

 severity and activity guidelines, 83 t  

 Conduction, cardiac, 309 f  

 disorders, 317–318 

 Congenital adrenal hyperplasia, 254, 344, 346 t  

 medical management, 347 t  

 Congenital benign neutropenia, 424 

 Congenital cardiac defect, surgery and, 653 

 Congenital gastrointestinal anomalies, 389–394 

 Congenital heart disease, 294–309 

 acyanotic lesions, 299 t , 303, 304 f , 305 f  

 cyanotic lesions, 300 t , 304 f , 305–307 

 Congenital infections, 235–236 

 Congenital malformations, characteristics, 255 

 Congenital megakaryocytic hypoplasia, 428–429 

 Congenital myasthenia gravis syndrome, 515 

 Congenital nevus, 605, 605 f  

 Congenital rubella syndrome, 199 

 Congestive heart failure, 307–308 

 management, 308 t  

 Conjunctivitis, 698–700, 699 t  

 newborn eyes, 9 

 Constipation, 386–388 

 diff erential diagnosis, 387 t  

 Consumption coagulopathy (DIC), 430 

 Contraception 

 adolescents, 72 t  

 hormonal, 73 t  
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 Coombs test, 4 

 Cornea, in newborn, 9 

 Corneal abrasion, 695 

 Cornelia de Lange syndrome, 10 

 Cor pulmonale, in cystic fi brosis, 506 

 Cortical collecting tubule, 569 f  

 Corynebacterium diphtheriae, 169 

 Counseling guidelines 

 fi rst year of life, 45–48 t  

 1 to 4 years, 48–54 t  

 5 to 9 years, 54–58 t  

 10 to 12 years, 58–59 t  

 Craniopharyngioma, 533 

 Creatinine 

 clearance, 535–536 

 GFR and, 535 

 Cri-du-chat.  see  Deletion 5P syndrome 

 Crohn disease, 398 

 diff erentiation by imaging, 402 t  

 surgery, 404 

 Croup, 174–176 

 Cryptorchidism, 688–691, 689–690 f  

 Cultural issues, 120–130 

 prenatal interview, 2–3 

 Cushing syndrome, 353–354 

 Cyanosis, 296, 309 

 Cyclic neutropenia, 424 

 Cystic fi brosis, 11, 499–506 

 clinical manifestations and treatment, 502–503 t  

 complications, 505–506 

 gastrointestinal problems in, 505 

 pathogenesis of lung disease in, 501 f  

 Cytomegalovirus, pediatric HIV and, 208 

 D 

 Dacryocystitis, 699 

 Decompensated shock, 611 

 Dehydration, 99–112 

 acid-base considerations, 104 

 causes of, 100 t  

 determining the extent, 101 

 evidence on physical examination, 101 t  

 hypernatremic, 110 

 hyponatremic, 109 

 isonatremic, 108 

 osmolar disturbance and, 103 t  

 parenteral therapy in, 107 

 potassium considerations, 104–105 

 renal function considerations, 105 

 Delayed growth, 399 

 Deletion 5P syndrome, 260 

 Delivery record, 3 

 Denver II developmental screening test, 23–24 f  

 Depression, 117–119 

 Dermatology, 596–610.  see also  Skin;  specifi c dermatologic 

disorder  

 Dermatopharmacology, 596–597 

 Dermis, 596 

 Developmental disabilities, 274–292 

 presentation, 274–278 

 risk factors, 276 t  

 role of pediatrician, 292 

 surveillance and screening, 274–278, 275 f , 275 t , 277 t  

 Developmental dysplasia of the hip (DDH), 667–669, 669 f  

 Diabetes insipidus, 354–357 

 diff erential diagnosis, 357 t  

 Diabetes mellitus, 359–368, 361 f  

 classifi cation, 360 t  

 diagnostic criteria, 360 t  

 type 1, 360 

 type 2, 364 

 Diabetic ketoacidosis, 365–368, 365 f  

 Dialysis, 575 t  

 Diamond-Blackfan anemia, 413, 417 

 Diaper dermatitis, 600, 600 f  

 Diaphragmatic hernia, 391 

 Diarrhea, 378 

 acute, 378–379 

 chronic, malabsorption and, 380–383, 382 t  

 Diff using capacity, 486 

 Diff usion of gases, 477 

 Diff usion of oxygen, 477 

 Dilated cardiomyopathy, 296, 323 

 Diphtheria immunization, 35, 36 t , 37 f , 38 f  

 Disorders of sexual development, 352 t  

 Distal urinary acidifi cation, 567 

 Distributive shock, 646–649 

 Double-volume exchange transfusion, 238 

 Down syndrome, 8, 254, 258, 258 f , 514 

 abdomen and, 11 

 AML and, 443 

 external characteristics, 258 t  

 internal malformations, 259 t  

 Droplet transmission of infection, 170 

 Drug allergy, surgery and, 653 

 Drug eruptions, 609 

 Drugs 

 in genetic disorders, 271 

 maternal exposure, 247–248 

 Duchenne muscular dystrophy, 268, 517–518 

 Duodenal anomalies, 392 

 Durable medical equipment, for cerebral palsy, 285 

 Dyskeratosis hemoglobinuria, 425 

 Dyskinetic cerebral palsy, 283 

 Dystrophic myopathies, 517–518 

 E 

 Ear 

 examination in newborn, 9, 32 

 pain, diff erential diagnosis, 164, 165 t  

 Early adolescence, 62 

  see also  Adolescent(s) 

 Eating disorders, in adolescents, 74–76 

 Ebstein anomaly, 300 t , 304 f , 331 

 Ecthyma, 606 

 Edwards syndrome.  see  Trisomy 18 

 Electrolytes.  see also  Fluid management 

 disturbance, 366 

 losses, gastrointestinal, 100 t  

 renal handling of, 538 

 therapy, 96–112 

 Elliptocytosis, hereditary, 421 

 Ellis-van Creveld syndrome, 266, 266 f  

 Emergency surgery, 654–655 

 Emollients/moisturizers, 598 t  

 Encephalitis, 190–191 
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 Encopresis, 386–388 

 Endemic goiter, 372 

 Endocarditis, infective, 318–319, 320 f  

 Endocrinology, 333–372, 333 f  

 End-of-life care, ethics of, 136–138 

 Enteric duplications, 393 

  Enterococcus  species, 160, 552 

 Environment 

 behavior and, 113–114 

 birth defects and, 272 

 control of allergies, 452 t  

 genetics and, 251 

 toxic agent exposure, 124 

 Eosinophilic esophagitis, 456 

 Ependymomas, 533 

 Epidermis, 596 

 Epididymitis, in adolescents, 69–70 t  

 Epidural hematoma, 617 

 Epiglottitis, 640 

 Epilepsy, 521–526 

 childhood, 523 t  

 nonepileptic paroxysmal events, 526 t  

 syndromes, 522–523 

 Epispadias, penis of newborn, 11 

 Epistaxis, 682, 683 t  

 Erb palsy, 12 

 Erysipelas, 203 

 Erythema infection.  see  Parvovirus B19 

 Erythrocytes.  see  Red blood cells 

 Erythroderma, 205 

 Erythropoietin, 538 

  Escherichia coli,  160, 236, 379, 551 

 Esophageal atresia, 391 

 Esophageal varices, 397 

 Ethical issues, 131–138 

 adolescents, 135–136 

 end-of-life care, 136–138 

 newborns, 132–133 

 young children, 134–135 

 Ewing sarcomas, 446–447 

 Extracellular fl uid, 225–226 f  

 Extramedullary hematopoiesis, 418 

 Extra-uterine growth restriction (EUGR), 249 

 Extremities, examination in newborn, 12–13 

 Eyelid laceration, 695 

 Eyes 

 anatomy, 693–694 

 examination in newborn, 9, 32 

 sports-related injuries, 84 

 F 

 Face 

 examination in newborn, 8–9 

 genetic disorders, 253–254, 253 f  

 Familial vasopressin-sensitive diabetes insipidus, 356 

 Family adjustment, in health supervision visit, 39 

 Fanconi anemia, 425 

 Fascioscapulohumeral (FSH) muscular dystrophy, 518 

 Fatty liver disease, 408 

 Febrile seizures, 520–521 

 Feeding routines, in health supervision visit, 41 

 Fee-for-service plan, 147 t  

 Female athletic triad, 76 

 Fetal alcohol spectrum disorder (FASD), 247 

 Fetal alcohol syndrome 

 eyes, 8 

 philtrum, 9 

 Fetal circulation, 294, 295 f  

 Fetal conditions, in high-risk pregnancy, 223 

 Fetal hydantoin syndrome, 272 

 Fever, approach to evaluation, 160–163 

 Fever of unknown origin (FUO) ,  217–218 

 infectious and noninfectious causes, 218 t  

 Fifth disease.  see  Parvovirus B19 

 Firearm hazards, counseling guidelines, 45–59 t  

 Flail chest, 614 

 Floppy infant, 513–515 

 Fluid management.  see also  Electrolytes 

 components, 97 t  

 conditions altering, 97 t  

 decision tree in dehydrated infants, 112 f  

 dehydration, 99–100 

 diabetic ketoacidosis, 366–367 

 gastrointestinal losses, 100 t  

 hypernatremic dehydration, 110 

 hyponatremic dehydration, 109 

 isonatremic dehydration, 108 

 neonatal period, 225–227 

 parenteral therapy, 96–112 

 Fluoride supplementation, 94 t  

 Follicle-stimulating hormone (FSH), 333 

 Food allergy, 455–457 

 development of adverse reactions, 456 t  

 Forefoot adduction, 12 

 Foreign bodies, 620–626 

 corneal, 695 

 Formula-feeding, 91–94 

 Fraction of inspired oxygen, blood oxygen content 

and, 482 t  

 Fractures, 670 

 sports-related, 81 t  

  Francisella tularensis,  182 

 Functional abdominal pain, 375 

 Functional residual capacity (FRC), 486 

 Fungal infections, skin, 606 

 G 

 Gastric varices, 397 

 Gastritis/stress lesions, 397 

 Gastroenterology, 374–410 

 Gastroesophageal refl ux (GERD), 383–395 

 complications, 384 t  

 Gastrointestinal bleeding, 394–398 

 diff erential diagnosis, 396 t  

 Gastrointestinal response, after surgery, 656 

 Gastroschisis, 390 

 Genes, environment and, 113–114 

 Genetic disorders 

 characteristics, 255, 257 

 classifi cation of malformations, 257 t  

 web sites, 256–257 t  

 Genetics, 251–272 

 Genitalia 

 ambiguous, 350–353, 350 f , 351 f  

 examination in newborn, 11–12 

 Genitourinary system, examination in newborn, 33 
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 Genu valgum, 671 

 Genu varum, 671 

 German measles, 199–200, 608.  see also  Rubella 

 Germ cell tumors, 447 

  Giardia lamblia,  383 

 Girls 

 adolescent growth and development, 60 

 head circumference, 31 f  

 hypogonadism, 340 t  

 length-for-age percentiles, 26 f  

 stature-for-age percentiles, 27 f  

 weight-for-age percentiles, 26 f , 27 f  

 Glasgow Coma Scale, 615 t , 651 

 Glaucoma, 698 

 Globe rupture, 695 

 Glomerular fi ltration rate (GFR), 535 

 Glomerulonephritis 

 hematuria and, 544–548, 547 f  

 poststreptococcal, 547 

 Glucose-6-phosphate dehydrogenase (G6PD) defi ciency, 

412, 421 

 Goiter, endemic, 373 

 Gonococcal conjunctivitis, 699 

 Gonorrhea, in adolescents, 69–70 t  

 Graduate medical education, 143–144 

 Graves disease, 370 

 Gross Motor Function Classifi cation System (GMFCS), 282 t  

 Growth disorders, 333–372 

 Growth hormone, 333 

 reasons for abandoning testing, 338 t  

 tests for defi ciency, 337 t  

 Growth restriction, 253 

 H 

  Haemophilus infl uenzae,  35, 36 t , 37 f , 38 f , 160, 165, 169, 500, 

640, 670 

  Haemophilus parainfl uenzae,  169 

 Hashimoto thyroiditis, 370 

 Head, examination in newborn, 7–8 

 Headache, 526–528 

 Head and neck masses, 678–679, 679 t  

 Head circumference, 25 

 Head circumference percentiles-for age 

 boys, 30 f  

 girls, 31 f  

 Head lice, 608 

 Head trauma, 82 t , 616–618, 649–651 

 Health assessment.  see also  Physical examination 

 normal newborn 

 Health beliefs, race and ethnicity, 129 

 Health care, 139–159 

 Health care economics, 139–159 

 atypical market, 139–140, 140 t  

 causes of infl ation, 145 t  

 cost changes, 140–142 

 national health expenditures, 141 f  

 personal health expenditures, 142 f  

 selected terms in, 155–158 t  

 sources of payment, 142–143, 143 f  

 Health care industry 

 eff orts to change the system, 145–148 

 future of, 149 

 government eff orts to change, 148–149, 148 t  

 Performance Expectations of a High-Quality System, 150 t  

 types of organizations, 147 t  

 Health disparities, 122–125 

 access to care, 126–127 

 poor and nonpoor children, 123 t  

 socioeconomic, 122 

 Health maintenance organization, 147 t  

 Health maintenance visit.  see  Health supervision visit 

 Health supervision visit, 18–59 

 anticipatory guidance, 35–36 

 concluding the visit, 42 

 exams in future visits, 34 

 general aspects, 17 

 immunization, 35 

 interview ( see  Interview) 

 newborn 

 screening, 34 

 surveillance of development, 22–25 

 2- to 4 weeks, 18–22 

 physical exams in, 25 

 practice-based interventions, 35 

 Healthy Steps for Young Children, 35 

 Hearing loss 

 congenital, 679–682 

 screening and diagnosis, 680 f  

 sensorineural, 250 

 syndromes, 681 t  

 Heart and lungs, examination in newborn, 32–33 

 Heart block, 310 

 Heart murmur, 298–302, 301 f , 302 t  

 surgery and, 653 

 HEEADSSS, psychosocial history of adolescents, 64 

  Helicobacter pylori,  388–389 

 Hemangioma, 599, 599 f , 640 

 Hematemesis, 394 

 Hematologic disorders, 239–244.  see also   specifi c disorder  

 Hematology, 411–432 

 Hematopoietic malignancies, 437–443.  see also   specifi c type  

 Hematopoietic stem cells, 411 

 Hematuria, 535 

 causes, 548 t  

 familial benign, 549 

 glomerulonephritis and, 544–548 

 laboratory testing, 546 t  

 microscopic, 547 

 personal and family history, 545 t  

 Hemihypertrophy, Wilms tumor and, 12 

 Hemodynamic abnormalities, after surgery, 656 

 Hemoglobin, fetal, 239–240, 240 f  

 Hemoglobin Bart hydrops fetalis syndrome, 418 

 Hemoglobinuria, paroxysmal nocturnal, 425 

 Hemolytic-uremic syndrome, 659 

 Hemophilias.  see  Coagulation disorders 

 Hemoptysis, in cystic fi brosis, 505 

 Hemorrhagic disease of the newborn, 430 

 Hemostasis, 426–433 

 Hemothorax, 614 

 Henoch-Schönlein purpura, 548–551, 604, 659 

 Hepatitis A, 407 

 Hepatitis B, 4, 35, 36 t , 37 f , 407–408 

 Hepatitis C, 408 

 Hepatobiliary scintigraphy, 406 
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 Hepatobiliary ultrasonography, 406 

 Hepatosplenomegaly, 296 

 Herpes simplex, 202–203, 608 

 in adolescents, 71 t  

 conjunctivitis, 699 

 Herpes zoster (shingles), 202 

 Heterochromia iridis, 9 

 Hip dysplasia, developmental, 12 

 Hirschsprung disease, 11, 386, 661 

 History.  see  Medical history 

 HIV, status of mother, 4–5 

 HMO Act, 148–149, 148 t  

 Hodgkin disease, 443 

 Homicide, mortality in adolescents, 64–66 

 Hordeolum, 700 

 Hospitalization 

 burns, 629 t  

 discharge examination, 14–15 

 management of newborn, 13–16 

 Host defense, mechanisms in, 459 t  

 Household hazards, counseling guidelines, 45–59 t  

 Human immunodefi ciency virus (HIV), 207–211 

 adolescents and adults, 208 t  

 clinical and immunologic categories, 210 t  

 perinatal, abnormalities, 209 t  

 Human papilloma virus (HPV), 609, 609 f  

 Hyaline membrane syndrome, 227 

 Hydronephrosis, 692 t  

 Hydroureter, 692 t  

 Hyperbilirubinemia, 237–238 

 unconjugated, 239 t  

 Hypercapnia, causes, 480 t  

 Hyperchloremia, 227 

 Hypercoagulability, 431 

 Hyperkalemia, 227 

 Hyperlipidemia, 366 

 Hypernatremia, 103–104 

 causes, 103 t  

 Hyperosmolality, 366 

 Hypersplenism, 424 

 Hypertelorism, 254 

 Hypertension, 556–567 

 classifi cation in children and adolescents, 564 t  

 diff erential diagnosis, 566–567 t  

 headaches and, 528 

 oral antihypertensive agents, 568 t  

 Hyperthyroidism, 370, 372 

 Hypertrichosis, 605, 605 f  

 Hypertrophic cardiomyopathy, 322 t  

 Hypertrophic pyloric stenosis, 269–270, 392 

 Hyphema, 696 

 Hypoalbuminemia, 400 

 Hypochloremia, 227 

 Hypogonadism 

 boys, 339 t  

 girls, 340 t  

 Hyponatremia, 102 f , 227 

 hypotonic, 359 t  

 Hypopituitarism, 339 

 Hypoplastic left heart syndrome, 300 t , 304 f , 305, 307 

 Hypospadias, 687–688, 688 f  

 penis of newborn, 11 

 Hypotelorism, 254 

 Hypothalamus, 333 

 Hypothyroidism, 370, 372 

 Hypotonia, 14 

 Hypotonic hyponatremia, 359 t  

 Hypoventilation, 479 

 Hypovolemia, after surgery, 656 

 Hypovolemic shock, 613–614, 645 

 dehydration and, 107 

 Hypoxemia, 478, 479 t  

 causes, 479 t  

 Hypoxia, types, 478 t  

 Hypoxic-ischemic encephalopathy (HIE), 245–246, 514 

 causes, 246 t  

 Hypoxic-ischemic injury, 245–246 

 I 

 IgA nephropathy, 548 

 Immune thrombocytopenia purpura, 427 

 Immunization 

 health supervision visits and, 35, 36 t , 37 f , 38 f  

 diphtheria, tetanus, pertusis, 37 f  

  Haemophilus infl uenza , 37 f  

 hepatitis A, 37 f , 38 f  

 hepatitis B, 37 f , 38 f  

 human papillomavirus, 38 f  

 inactivated poliovirus, 37 f , 38 f  

 infl uenza, 37 f , 38 f  

 measles, 35, 36 t , 37 f , 38 f  

 meningococcal, 37 f , 38 f  

 mumps, 35, 36 t , 37 f , 38 f  

 pertussis (whooping cough), 35, 36 t , 37 f , 38 f  

 pneumococcal, 37 f , 38 f  

 polio, 35, 36 t , 37 f , 38 f  

 reportable events after, 39 t  

 rotavirus, 35, 36 t , 37 f , 38 f  

 rubella, 35, 36 t , 37 f , 38 f  

 tetanus, 35, 36 t , 37 f , 38 f  

 varicella, 37 f , 38 f  

 Immunodefi ciency 

 general management, 465 t  

 secondary, 461–462, 463 t  

 Immunoglobulins, 462–464, 462 f  

 Immunologic disorders 

 immune defi ciency diseases, 465–476 

 infection, 459–465 

 mechanisms in host defense, 459 t  

 Imperforate anus, 393 

 Impetigo, 203, 606 

 Indemnity plan, 147 t  

 Infant.  see also  Newborn 

 adjustment, in health supervision visit, 41 

 average quantity of feeding, 94 t  

 breastfeeding, 87–91 

 caloric requirements based on body weight, 99 t  

 feeding after fi rst year, 95 

 review of chart, 3–4 

 solid food, 94–95 

 temperament, discussion with parents, 16 

 Infant colic, 115, 116 t  

 Infant formula, 91–94.  see also  Formula feeding 

 composition, 93 t  

 facts, 92 

 homemade, 94 
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 Infantile myoclonic spasms, 523 

 Infantile progressive muscular atrophy (SMA), 514 

 Infection.  see also  Bacterial infection,  and specifi c infection  

 anatomic-mucociliary defects, 460 t  

 congenital, 235–236 

 wounds at high risk, 620 t  

 Infectious arthritis, 191–194 

 synovial fl uid WBC counts with, 193 t  

 Infectious diseases, 160–222.  see also   specifi c infection  

 immunologic disorders in, 449–467, 465 t  

 insect vectors, 219 t  

 pet exposure and, 220 t  

 Infective endocarditis, 318–319, 320 f  

 Infl ammatory bowel disease, 398–404, 658 

 diff erentiation by imaging, 402 t  

 endoscopic/histologic features, 401 t  

 extraintestinal manifestations, 400 t  

 Infl ammatory muscle disorders, 518–519 

 Infl uenza, 176–178 

 vaccination, 177 

 Inguinal hernia, 393 

 surgery for, 653 

 Inhalation injury, signs, 628 t  

 Inhalers, for asthma, 499 

 Inherited syndromes associated with cancer, 437 t  

 Injury, mortality in adolescents, 64–66 

 Innate immunity, 460 

 Innocent pulmonary murmur, 302 t  

 Insects, infectious diseases, 219 t  

 Insulin 

 conventional therapy, 362 

 in diabetic ketoacidosis, 367 

 intensive therapy, 362 

 preparations, 363 t  

 Intellectual disability (ID), 278–279 

 Internal respiration, 477 

 Internal tibial torsion (ITT), 671 

 Interpreters, children from diverse backgrounds, 127–128, 128 t  

 Interview.  see also  Medical history 

 guide to clinical interviewing, 115 t  

 at health maintenance visit 

 parent-child interaction, 22 

 surveillance of development, 22–25 

 1 to 6 months, 20 

 6 to 12 months, 20–21 

 1 to 2 years, 21 

 2 to 3 years, 21–22 

 Intestinal obstruction, 389–394 

 causes, 663 t  

 surgery, 660–664 

 In-toeing, 671 

 Intracellular fl uid, 225–226 f  

 Intracranial pressure (ICP) 

 increased, 652 

 monitoring, 633 

 Intractable diarrhea of infancy, 382 

 Intrahepatic bile ducts, paucity of, 407 

 Intramuscular blocks, for cerebral palsy (IVH), 286 

 Intraventricular hemorrhage (IVH), 243–245, 244 f  

 Intussusception, 397 

 Iris, in newborn, 9 

 Iron defi ciency anemia, 413–414 

 laboratory evaluation, 417 t  

 J 

 Jaundice, 14–15, 237–238 

 Jejunoileal anomalies, 392 

 Juvenile dermatomyositis, 587–589 

 clinical features, 589 t  

 Juvenile idiopathic arthritis, 193, 578–584 

 categories, 579 t  

 clinical features, 580 t  

 management, 582 t  

 prognosis without treatment, 579 t  

 Juvenile myelomonocytic leukemia ( JMML), 437 

 Juvenile myoclonic epilepsy, 523 

 K 

 Kabuki make-up syndrome, 254 

 Kallmann syndrome, 339 

 Kaposiform hemangioendothelioma, 599 

 Kaposi varicelliform eruption, 202–203, 608 

 Kasabach-Merritt syndrome, 429, 599 

 Kawasaki disease, 325–327 

 classic diagnostic criteria, 326 t  

 Keratinocytes, 596 

 Kernig sign, 186 

 Kidney(s), 535–577.  see also  Renal function 

 acute injuries, 574 t  

 function, 535–539 

 structure, 539–540 

  Klebsiella pneumoniae,  160 

 Klinefelter syndrome, 261, 339 

 Klippel-Trenaunay syndrome, 599 

 Klumpke palsy, 12 

 L 

 Laboratory tests.  see   specifi c disease or disorder  

 Large-for-gestational age (LGA), 224 

 Laryngomalacia, 640 

 Laryngoscopy, 636 f  

 Laryngotracheobronchitis.  see  Croup 

 Late adolescence, 64.  see also  Adolescent(s) 

 Learning disabilities, 291–292 

 Legg-Calve-Perthes disease, 667–669 

 Length-for-age percentiles 

 boys, 28 f  

 girls, 26 f  

 Lennox-Gastaut syndrome, 523 

 Leukemias, 437–443.  see also   specifi c type  

 acute, diff erential diagnosis, 440 t  

 diagnostic evaluation, 438 t  

 diff erential diagnosis, 440 t  

 Life-threatening conditions.  see  Apparent life-threatening 

events (ALTE) 

 Limb-girdle muscular dystrophy, 518 

  Listeria monocytogenes,  236 

 Liver diseases, 404–410 

 Long QT syndrome, 317, 331 

 Lower airway 

 diseases, 641 t  

 sounds, 484 t  

 Lung volumes and measures, 486 t  

 Lupus nephritis, in SLE, 587 t  

 Luteinizing hormone (LH), 333 
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 Lyme disease, 216–217 

 clinical manifestations, 217 t  

 Lymphadenitis, 181 

 management, 185 t  

 Lymphadenopathy, 432–433 

 common causes, 434–435 t  

 infectious and noninfectious causes, 183 t  

 Lymph node enlargement, 180–184 

 regional drainage, 185 t  

 Lymphogranuloma venereum, in adolescents, 69–70 t  

 Lymphoid cell disorders, 422 

 Lymphomas, 437–443.  see also   specifi c type  

 M 

 Macroglossia, 10 

 Macrolides, use in otitis media, 166 t  

 Maintenance therapy, ALL, 441 

 Malformation sequence, 251 

 Malformation syndrome, 251 

 Mallory-Weiss tears, 397 

 Malnutrition, 124 

 Malrotation, 392 

 Managed care, concepts and strategies, 146 f  

 Marfan syndrome, 262, 264 

 Maternal conditions 

 genetic disorders and, 270–272 

 in high-risk pregnancy, 223 

 Mean corpuscular hemoglobin concentration (MCHC), 412 

 Mean corpuscular volume (MCV), 412 

 Measles, 198–199, 608 

 immunization, 35, 36 t , 37 f , 38 f  

 Mechanical ventilation, common terms, 637 t  

 Meckel diverticulitis, 391, 660 

 Meconium, 661 

 Meconium aspiration syndrome (MAS), 224, 228–230, 230 f  

 Meconium ileus equivalent, 664 

 Medial femoral torsion, 671–672, 672 f  

 Medicaid, 148–149, 148 t  

 Medical history 

 abdominal mass, 664, 664 f  

 abdominal pain, 374 

 acid-peptic disease and  H. pylori,  388 

 acute abdominal pain, 657–658, 658 f  

 acute diarrhea, 378, 380 t  

 acute otitis media, 164 

 in adolescent eating disorders, 75 

 in adolescent mortality, 64 

 in adolescent obesity, 72 

 in adolescent sexual activity, 68 

 in adolescent sports participation, 79 

 in adolescent substance abuse, 66 

 adrenal insuffi  ciency, 348 

 allergy, 450 

 ambiguous genitalia, 350 

 anemia, 239, 412 

 apnea, 234, 234 f  

 apparent life-threatening events, 509–510 

 arthritis, 193 

 asthma, 493–494 

 autistic spectrum disorders, 290, 530 

 bacterial meningitis, 186 

 behavior in, 115 

 bleeding disorders, 426 

 BPD, 232 

 brain tumors, 532 

 bronchiolitis, 173 

 burns, 627 

 cardiac, 296 

 cardiac dysrhythmias, 310 

 cerebral history, 282 

 chest pain, 327 

 chickenpox, 203 

 congenital adrenal hyperplasia, 346 

 congenital gastrointestinal anomalies, 390 

 congenital infections, 235 

 congenital malformations, 252, 252 t  

 constipation and encopresis, 386 

 croup, 174 

 Cushing syndrome, 353 

 cystic fi brosis, 500 

 dermatomyositis, 587–588 

 diabetes mellitus, 361, 364 

 diabetic ketoacidosis, 365 

 elective surgery, 653 

 encephalitis, 191 

 enlargement of lymph nodes, 184 

 epilepsy, 523 

 febrile children, 161 

 febrile seizures, 520 

 fever of unknown origin, 218 

 fl uid, electrolytes, and nutrition, 226 

 gastroesophageal refl ux, 384 

 gastrointestinal bleeding, 394 

 headache, 528 

 head trauma, 617 

 hematuria, 545 t  

 hyperbilirubinemia, 238 

 hypertension, 557 

 hyperthyroidism, 370 

 hypothyroidism, 370 

 hypotonia, 14 

 hypoxic-ischemic injury, 246 

 immunologic disorders, 462 

 infective endocarditis, 318–319 

 infl ammatory bowel diseases, 399 

 infl uenza, 177 

 intestinal obstruction, 661 

 intraventricular hemorrhage, 244 

 juvenile idiopathic arthritis, 578 

 Kawasaki disease, 325 

 learning disabilities, 291 

 Lyme disease, 216 

 lymphadenopathy, 432 

 maternal drug exposure, 247 

 measles, 198 

 meconium aspiration syndrome, 230 

 minor trauma, 618 

 muscular dystrophies, 517 

 myocarditis, 321 

  N. meningitidis  infection, 206 

 necrotizing enterocolitis, 248 

 neonatal bacterial infections, 236 

 neonatal cholestasis, 406 

 nephrotic syndrome, 540 

 pain syndromes, 593 
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 Medical history —Continued

 Parvovirus B19, 202 

 pediatric HIV, 207 

 pharyngitis, 166 

 pneumonia, 179 

 polycythemia, 241 

 PPHN, 230 

 in prenatal interview, 2–3 

 pulmonary disease, 482 

 purpura, 550 

 RDS, 228 

 renal failure, 572 

 renal tubular acidosis, 568 

 rheumatic heart disease, 324 

 Rocky Mounted spotted fever, 205–206 

 roseola, 201 

 scarlet fever, 203 

 scleroderma, 590 

 short stature, 335 

 SIADH, 357 

 solid tumors, 443–444 

 strokes, 519 

 syncope, 329 

 systemic lupus erythematosus, 584–584 

 thrombocytopenia, 242 

 toxic ingestion, 621 

 trauma and shock, 612 

 treating children from diverse backgrounds, 127–128 

 tuberculosis, 211 

 urinary tract infections, 552 

 vasculitis, 591 

 water metabolism disorders, 355 

 in 2- to 4-week newborn visit, 19–20 

 white blood cell disorders, 423 

 Medicare, 148–149, 148 t  

 Medulloblastoma, 533 

 Melanoma, 605 

 Meningocele, 13 

 Meningococcal vaccine, 35, 36 t , 37 f , 38 f  

 Mental retardation.  see  Intellectual disability 

 Metabolic acidosis 

 causes, 104 t  

 diff erential diagnosis, 367 t  

 Metabolic response, to surgery, 656–657 

 Metatarsus adducts (MTA), 671 

 Methylmercury, birth defects and, 272 

 Micrognathia, 8, 251 

 Microtia, in newborn, 9 

 Middle adolescence, 60–62, 63 f , 64 

 Midgut volvulus, 392 

 Migratory polyarthritis, 323 

 Milia, 5 

 Mineralocorticoids, 344, 344 f , 345 f  

 Mitochondrial encephalomyelopathies, 515 

 Mitral stenosis, 305 

 Moluscum contagiosum, 609, 609 f  

  Moraxella catarrhalis,  165 

 Morbilliform eruptions, 608 

 Moro refl ex, 13, 25 t  

 Morphogenesis, 251 

 Motor vehicle crashes, adolescents, 64–66 

 Mouth, examination in newborn, 10, 32 

 MRSA, 161, 194 

 MSSA, 161, 194 

 Multifactorially inherited disorders, 268–270 

 Mumps immunization, 35, 36 t , 37 f , 38 f  

 Muscle strength testing, 589 t  

 diff use and localized, 590 t  

 Muscular dystrophy, 516 t  

 children, 516 t  

 congenital, 515–516 

 Musculoskeletal system, examination in newborn, 33 

 Myasthenia gravis 

 autoimmune, 515 

 congenital syndrome, 515 

 transient infantile, 515 

  Mycobacterium tuberculosis,  170, 182, 184, 211–216, 678 

  Mycoplasma pneumoniae,  174, 178 

 Myeloid cell disorders, 422 

 Myelomeningocele, 13 

 Myocardial contusion, 614 

 Myocarditis, 322 t  

 Myocardium, diseases of, 322 t  

 Myopathies, 515–518 

 Myotonic dystrophy, 515, 518 

 Myringotomy, 653, 674 

 N 

 Nasolacrimal duct obstruction, 699 

 National Newborn Screening and Genetics Resource Center, 14 

 Near-drowning, 649 

 Near-miss sudden infant death syndrome, 649 

 Nebulizers, for asthma, 499 

 Necrotizing enterocolitis (NEC), 227, 248–249, 248 f  

 Necrotizing fasciitis, 203 

  Neisseria gonorrhoeae,  169, 551 

  Neisseria meningitidis,  160, 191, 206–207 

 Neonatal cholestasis, 404 

 causes, 405 t  

 Neonatal intensive care unit (NICU), 224 

 follow-up of graduates, 249–250 

 Neonatal pustules, 598–599, 599 f  

 Neonate.  see  Infant; Newborn 

 Neonatology, 223–250 

 Nephrotic syndrome, 539–544 

 etiologic classifi cation, 544 t  

 genetic forms, 539 t  

 management and response to treatment, 544 f  

 Neural tube defects, 268–269 

 Neuroblastomas, 445, 664 

 Neurodevelopmental delay, 249–250 

 Neurofi bromatosis, 268 t  

 type 1, 263–264, 264 t  

 Neurogenic shock, 614 

 Neurohypophysis, 333 

 Neurologic disorders, 243–248.  see also   specifi c disorder  

 Neurologic examination, newborn, 33–34 

 Neurologic intensive care, 649–651 

 Neutropenia, 423–424 

 causes, 424 t  

 Nevi, 605 

 Nevus fl ammeus, 5 

 Newborn.  see also  Infant 

 ethical issues, 132–133 

 immunization, 35 

 initial examination, 5–13, 6 t  

 management in hospital, 13–16 
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 measurements in, 7 

 normal, 2–16 

 refl exes, 25 t  

 screening, 34 

 screening for CF, 503 

 Nonepileptic paroxysmal events, 526 t  

 Non-Hodgkin lymphoma, 443 

 Nontuberculous mycobacteria, 214 t  

 Nose, examination in newborn, 9 

 Nutrition, 87–96 

 breast-feeding, 87 

 in neonatal period, 225–227 

 postoperative, 656–657 

 Nystagmus, 698 

 O 

 Obesity, in adolescents, 71–72 

 Obstructive lung disease, 486, 487 t  

 Obstructive shock, 614 

 Obstructive sleep apnea, 675–677 

 Offi  ce of Health Maintenance Organization, 148–149, 148 t  

 Oligodactyly, 254 

 Oliguria, 106 t  

 Omentum, torsion, 660 

 OMIM #100800.  see  Achondroplasia 

 OMIM #154700.  see  Marfan syndrome 

 OMIM #162200.  see  Neurofi bromatosis type 1 

 OMIM #225500.  see  Ellis-van Creveld syndrome 

 OMIM #310200.  see  Duchenne muscular dystrophy 

 OMIM #603903.  see  Sickle cell disease 

 Omphalocele, 390 

 Oncology, 432–447 

 Ophthalmology basics, 694–699 

 Optic nerve glioma, 533 

 Oral rehydration solution, 111 

 guidelines for therapy, 111 t  

 Orbital cellulitis, 699–700 

 Orbital fracture, 694 

 Orchiopexy, surgery for, 653 

 Orthopedics, 667–673 

 Orthopedic surgery, for cerebral palsy, 287 

 Orthoses, for cerebral palsy, 284 

 Orthostatic syncope, 331 

 Ortolani maneuver, 33, 33 f  

 Osteomyelitis, 194–195 

 bacterial causes, 192 t  

 Osteosarcomas, 446–447 

 Otitis media, 32, 32 f  

 acute, 163–166, 673 

 antibiotics for, 166 t  

 clinical fi ndings, 165 t  

 complications, 674, 675 t  

 diagnosis of ear pain, 164, 165 t  

 with eff usion, 163–166, 674 

 recurrent, 673–674 

 risk factors, 163 t  

 Otorhinolaryngology, 673–682 

 Ovary, torsion, 660 

 Overgrowth syndrome, 253 

 Overuse conditions, 672 

 Ox eye, 8 

 Oxygenation, estimation of, 481 

 Oxygen imbalance, 478, 479 t  

 Oxygen saturation curve, fetal hemoglobin, 239–240, 240 f  

 Oxytocin, 333 

 P 

 Pain syndromes, 593–595 

 characteristics, 594 t  

 Palmar grasp, 25 t  

 Palpable purpura, 604 

 Pancreatic disease, 409–410 

 Pancreatitis, 409–410 

 Paralytic ileus, 656 

 Paraphimmosis, 686–687 

 Parenchymal lung disease, 641–643 

 Parent-child interaction, at 2- 4-week health supervision visit, 22 

 Parenteral fl uid and electrolyte therapy, 96–112 

 approach to dehydration, 107 

 conditions requiring, 96 t  

 Parents 

 in health supervision visit, 39 

 hospital discharge discussions, 14–16 

 Partial-onset seizures, 522 

 Parvovirus B19, 201–202 

  Pasteurella multocida,  182 

 Patau syndrome.  see  Trisomy 13 

 Patent ductus arteriosus (PDA), 225, 299 t  

 Patient Bill of Rights, 148–149, 148 t  

 Pediatrician, role in care for developmental disabilities, 292 

 Pediatric intensive care unit (PICU), 631–652.  see also  

Neonatal intensive care unit (NICU) 

 admission and discharge criteria, 632 t  

 monitoring devices, 634–635 t  

 organization, 631–632 

 respiratory diseases, 638–643 

 techniques for monitoring, 633 

 Pediatric subspecialties, 667–702 

 Pediatric surgery, 653–666 

 common conditions, 657–666 

 elective, 653–654 

  Pediculosis capitis,  608 

 Pelvic infl ammatory disease, in adolescents, 69–70 t  

 Pendred syndrome, 681 t  

 Penetrance, 262 

 Perianal lesions, 399 

 Perinatal asphyxia, 245 

 Perinatology, 223–250 

 Periodic breathing, 234 

 Peripheral perfusion, 296 

 Peritonitis, 410 

 Peritonsillar, 640 

 Persistent pulmonary hypertension of the newborn (PPHN), 

230–232, 232 f  

 Pertussis immunization (whooping cough), 35, 36 t , 37 f , 38 f  

 Pervasive developmental disorders.  see  Autistic spectrum 

disorders (ASD) 

 Pesticide exposure, 124 

 Phagocytic defects, 468–470, 474–475 t , 475–476 t  

 Pharyngitis, 166–170 

 clinical characteristics, 168 t  

 infectious and noninfectious causes, 167 t  

 Pheochromocytoma, 664 

 Philadelphia chromosome, 437 

 Philtrium, fetal alcohol syndrome and, 9 

 Phimosis, 686 
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 Phototherapy, 238 

 Physical development, surveillance of, 22 

 Physical examination.  see also  Health assessment 

 in every health supervision visit, 25 

 evidence of dehydration, 101 t  

 future visits, 34 

 normal newborn, 2–16 

 Pierre Robin malformation, 8, 251 

 Pilonidal sinus, 13 

 Pituitary gland, 333 

 Pityriasis rosea, 603, 603 f  

 Plantar grasp, 25 t  

 Platelet disorders, 425, 428–430 

 Pleiotropy, 262 

 Plethysmography, 486 

 Pluropotentiality, 411 

  Pneumocystis carinii,  pediatric HIV, 208 

 Pneumonia, 178–180, 181 t  

 age-related diff erences, 178 t  

 antimicrobial treatment, 182 t  

 diagnostic workup, 180 t  

  P. carinii,  208 

 RDS and, 228 

 Pneumothorax, 614 

 chest radiograph, 488 f  

 in cystic fi brosis, 506 

 POISINDEX, 626 

 Point-of-service plan, 147 t  

 Poisoning, 620–623 

 anion gap acidosis, 624 t  

 counseling guidelines, 45–59 t  

 major signs and symptoms, 623 t  

 radiopaque compounds, 624 t  

 Polio immunization, 35, 36 t , 37 f , 38 f  

 Polycythemia, 240–241 

 Polydactyly, 254 

 Polyglandular autoimmune syndromes, 349 

 Pompe disease, 515–517 

 Portal hypertension, 397 

 Port-wine stains, 7, 599 

 Postconcussion syndrome, 83 t  

 Posthitis, 687 

 Postoperative management, 655–657 

 Potassium, in dehydration, 104–105 

 Practice-based interventions, 35 

 Prader-Willi syndrome, 514 

 Preexcitation syndrome, 331 

 Preferred provider organization, 147 t  

 Pregnancy, in adolescents, 71 

 Premature atrial complexes (PAC), 314, 315 t  

 Premature ventricular complexes (PVC), 314, 315–318 t  

 Prematurity, 223 

 Prenatal interview, 2–3 

 Preoperative management, 653 

 Preorbital cellulitis, 699–700 

 Preventive recommendations, 40 f  

 Primary microcephaly, 253 

 Proinsulin, 360, 361 f  

 Prolactin, 333 

 Prolonged partial thromboplastin time (PTT), 429 f  

  Propionibacterium acnes,  601 

 Proteinuria, 539–544, 541 f , 542 t  

 Proximal bicarbonate reabsorption, 567, 569 f  

  Pseudomonas aeruginosa,  500 

 Pseudotumor cerebri, 528 

 Psoriasis, 603 

 Psychological assessment 

 autistic spectrum disorder, 288 

 in intellectual disability, 278–279 

 Ptosis, 700 

 Puberty, 60 

 anomalies of, 338–334 

 precocious, 340–344, 341–343 t  

 Pulmonary artery thermodilution, 633 

 Pulmonary disease, 477–490 

 chest fi lms, 489 t  

 clinical approach, 483–491 

 specifi c disorders, 490–507 

 Pulmonary function tests, 486 

 Pulmonary hypertension, 296, 297 f  

 Pulmonary physiology, 477–482 

 Pulmonary stenosis, 296, 297 f  

 Pulmonic stenosis, 299–300 t  

 Pupillary red refl ex, in newborn, 9 

 Pyogenic (septic) arthritis, 191–192 

 bacterial causes, 192 t  

 Q 

 Quantitative blood disorders, 411–412, 412 f  

 R 

 Race/ethnicity 

 disparities, 125–126 

 diversity, 121–122 

 health beliefs, 129 

 Radiation, birth defects and, 272 

 Radiofrequency catheter ablation, 316 

 Radiopaque compounds, 624 t  

 Rashes.  see  Bacterial exanthems; Viral exanthems 

 Reach out and Read (ROR), 35 

 Reactive arthritis, 191 

 infectious causes, 192 t  

 Reactive lymphadenopathy, 181 

 Red blood cells (RBC) 

 abnormalities of production, 413–414, 414 f  

 congenital suppression of production, 417 

 count, 412 

 increased destruction, 417–418 

 transient or acquired suppression of production, 417 

 Th e Red Book, 35 

 Referred pain, as a surgical condition, 657 

 Refl exes, newborn, 25 t , 34 

 Relative shunt, 480 

 Renal acidifi cation, 537–538 

 Renal concentration capacity, 537 

 Renal failure, acute and chronic, 571–575 

 Renal function.  see also  Kidney(s) 

 laboratory and imaging studies, 536–539, 536 t  

 Renal tubular acidosis (RTA), 567–571, 570 f  

 Renin-angiotensin system, 345 

 Residual volume (RV), 485 

 Respiratory ciliary paralysis, 656 

 Respiratory distress syndrome (RDS), neonatal, 227–230, 228 f , 

229 t , 296 

 Respiratory failure, treatment, 642 t  

 Respiratory response, after surgery, 656 
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 Restrictive cardiomyopathy, 322 t  

 Restrictive lung disease, 486, 487 t  

 Retinal detachment, 696 

 Retinoblastoma, 700 

 cis- retinoic acid, genetic disorders and, 272 

 Retinopathy of prematurity (ROP), 250, 697 

 Retrobulbar hemorrhage, 694 

 Retropharyngeal abscess, 640 

 Rett syndrome, 290 

 Rhabdomyosarcomas, 447 

 Rheumatic heart disease, 323–326 

 modifi ed Jones criteria, 324 t  

 Rhinitis, diff erential diagnosis, 449–453, 451 t  

 Rh status, newborn and mother, 4 

  Rickettsia rickettsii,  205–206 

 Right bundle branch block, 296, 297 f  

 Rocky Mountain spotted fever, 205–206 

 Rooting refl ex, 13, 25 t , 91 f  

 Roseola, 200–201 

 Rotation conditions, 672 

 Rotavirus, 379 

 immunization, 35, 36 t , 37 f , 38 f  

 Rubella, 199–200, 608.  see also  German measles 

 embryopathy, 9 

 immunization, 35, 36 t , 37 f , 38 f  

 S 

 Safety guidelines, early childhood, 44–45 t  

 Safety/injury prevention, in health supervision visit, 42 

 Safety issues, discussion with parents, 16 

  Salmonella  spp., 161, 191, 379 

 Salmon patches, 5 

 Salter-Harris fracture classifi cation, 81 t , 671–672 

  Sarcoptes scabiei,  607 

 Scabies, 602, 607–608, 607 f  

 Scalded skin syndrome, 205 

 Scarlatiniform, 205 

 Scarlet fever, 203–204 

 Schwartz formula, GFR and, 537 

 Scleroderma, 589–591 

 muscle strength testing, 589 t  

 Scoliosis, congenital, 13 

 Screening 

 cystic fi brosis, 503 

 developmental disabilities, 274–278, 275 f , 275 t , 277 t  

 laboratory examinations, 464 t  

 newborn, 34 

 for sports participation, 79 t  

 Scrofula, 213 

 Sebaceous gland hyperplasia, 5 

 Seborrheic dermatitis, 602–603 

 Second heart sounds, 296, 297 f  

 Seizures 

 febrile, 520–521 

 types, 522 

 Sensorineural hearing loss, 250 

 Septic arthritis, 191–194, 670 

 Septic shock, 614, 649 

 Septo-optic dysplasia, 339 

 Sex chromosome abnormalities, 260 

 Sexual activity, adolescents, 68–71, 69 t  

 Sexual development, disorders of, 352 t  

 Sexually transmitted infections, adolescents, 69, 69 t , 70 t  

 Shaken baby syndrome, 651 

  Shigella,  380 

 Shock, 611–616, 643–649.  see also   specifi c type  

 common causes, 644 t  

 therapy, 650 t  

 Short stature, 333–338 

 diff erential diagnosis, 337 t  

 initial screening, 336 t  

 Shwachman-Diamond syndrome, 424 

 Sickle cell disease, 265, 419 

 complications, 420 t  

 routine hematologic care, 422 t  

 Single gene disorders, 262–268 

 autosomal dominant, 262 

 Sinus arrhythmia, 310 

 Sinus bradycardia, 314 

 Sinusitis, 172 

 Sinus tachycardia, 314, 315 t  

 Skin.  see also  Dermatology;  specifi c dermatologic disorder  

 bacterial infections, 606 

 cross-sectional representation, 596 f  

 examination in newborn, 5, 33 

 fungal infections, 606 

 sun protection, 606 t  

 Skin lesions 

 infants and older children, 600–607 

 neonatal period, 598–599 

 primary and secondary, 596, 597 t  

 Slapped cheek disease.  see  Parvovirus B19 

 Sleep problems, 117 

 Slipped capital femoral epiphysis (SCFE), 667–669 

 Small-for-gestational age (LGA), 224 

 Social development, surveillance of, 22 

 Socioeconomic issues, 120–130 

 diversity, 120–121 

 poverty and chronic illness, 125 

 Soft tissue sarcomas, 447 

 Solid food, introduction, 94–95 

 Solid tumors, 443–447 

 diagnostic evaluation, 444 t  

 diff erential diagnosis, 445 t  

 Somatic pain, as a surgical condition, 657 

 Spastic diplegia, 283 

 Spastic quadriparesis, 283 

 Spherocytosis, hereditary, 421 

 Spirometry, 486 

 Sports 

 adolescent chronic diseases and, 84 

 contraindications to participation, 80 t  

 participation in, 76–77 

 preparticipation screening, 79 t  

 risk for injury, 77 t  

 Sports medicine, adolescents and, 76–80 

 Sports-related injuries, 77–80, 78 t  

 catastrophic, 84 

 musculoskeletal, 80–81 

 neurological, 82 

 Sprains, 670 

  Staphylococcus aureus,  160, 169, 191, 194, 203, 204 t , 205, 236, 

500, 551, 599, 606 f , 640, 670 

  Staphylococcus pneumoniae,  160, 163, 164, 169, 184 

  Staphylococcus pyogenes,  606 

 State Children’s Health Insurance Program (SCHIP), 

148–149, 148 t  
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 Stature-for-age percentiles 

 boys, 29 f  

 girls, 27 f  

 Status epilepticus, 651–652 

 Stem cell transplant 

 ALL, 442 

 AML, 443 

 Stepping refl ex, 13 

 Stevens-Johnson syndrome, 609 

 Still murmur, 302 t  

 Stork bites, 5 

 Strabismus, 697 

 Strains, 670 

 Stratum corneum, 596 

 Strawberry or capillary hemangiomas, 5 

  Streptococcus agalactiae,  160 

  Streptococcus pneumoniae,  184 

  Streptococcus pyogenes,  160, 203, 204 t  

 Stress response to surgery, 655, 655 f  

 Stridor, 490–492, 677–678 

 diagnostic evaluation, 492 t  

 diff erential diagnosis, 175 t  

 Stroke, 519–520 

 Sturge-Weber syndrome, 7, 599 

 Subacute bacterial endocarditis, 319 

 Subconjunctival hemorrhage, 696 

 newborn eyes, 9 

 Subdural hematoma, 617 

 Subglottic stenosis, 640 

 Substance abuse, adolescents, 66–67 

 Sudden cardiac arrest, sports-related, 84 

 Sudden infant death syndrome (SIDS), 507–508 

 near-miss, 649 

 Suicide, mortality in adolescents, 64–66 

 Sun protection, 606 t  

 Supraglottitis, 640 

 Supraventricular tachycardia, 316 t  

 Surgery.  see   specifi c type  

 Suture synostosis, 8 

 Swan-Ganz catheter, 633 

 Syncope, 329–331 

 diff erential diagnosis, 330 t  

 Syndenham chorea, 323 

 Syndrome of inappropriate (secretion of ) antidiuretic hormone 

(SIADH), 188, 227, 358–360 

 conditions associated with, 358 t  

 Syphilis, in adolescents, 69–70 t  

 Systemic lupus erythematosus (SLE), 584–587 

 ACR criteria, 1997, 584 t  

 antibodies and associated disease, 584 t  

 corticosteroids in, 584 t  

 laboratory abnormalities, 586 t  

 lupus nephritis in, 587 t  

 signs and symptoms, 585 t  

 treatment based on severity, 588 t  

 T 

 Tabes of the skull, 8 

 Talipes equinovarus (clubfoot), 667 

 Tanner stages of pubertal development, 61 f , 62 f  

 T-cell defects, 468, 469–473 t  

 Temperament, behavior and, 114 

 Temper tantrums, 116 

 Tension pneumothorax, 614 

 Teratogenic agents, 271 t  

 Teratogenically induced disorders, 270–271 

 Testicular torsion, 683–686, 684 f , 685 t  

 Tetanus immunization, 35, 36 t , 37 f , 38 f  

 Tetralogy of Fallot, 300 t , 306 f , 307 

 Th alassemias, 418 

  � -Th alassemia trait, 418 

  � -Th alassemia trait, 416–417 t , 418 

 Th ird disease.  see  Rubella 

 Th roat, examination in newborn, 10 

 Th rombocytopenia, 242–243, 428, 431 

 diff erential diagnosis, 243 t  

 Th rombocytopenia absent radii, 425, 428–429 

 Th rombocytosis, 429 

 Th rombosis, 426–433 

 Th yroglossal duct cysts, 679 

 Th yroid function tests, 371 t  

 Th yroid gland, disorders, 368–372 

 Th yroid hormone, 333 f  

 biosynthesis, 368 f  

 release, 369 f  

 Th yroid-stimulating hormone (TSH), 333 

 Tibia, internal torsion, 12 

 Tinea capitis, 606 

 Tinea corporis, 606 

 Tissue adhesives, 620 

 Tongue, examination in newborn, 10 

 Tonic neck refl ex, 25 t  

 Tonic seizures, 522 

 Tonsillectomy, indications and contraindications, 676 t  

 Topical steroids, for skin lesions, 598 t  

 TORCH diseases, 11, 235 

 Torsade de pointes, 331 

 Total anomalous pulmonary venous return (TAPVR), 

300 t , 304 f , 305 

 Total body water, 225–226 f  

 Total lung capacity (TLC), 486 

 Toxic conjunctivitis, 699 

 Toxic ingestions, 620–626 

 Toxic shock syndrome, 205 

 Toxidromes, 621, 622 t  

 Toxins, antidotes and, 626 

 Tracheoesophageal atresia, 391 

 Tracheomalacia, 640 

 Transient erythroblastopenia of childhood (TEC), 413 

 Transient infantile myasthenia gravis, 515 

 Transient neonatal pustular melanosis, 599 

 Transient tachypnea, newborn, 228, 230 f  

 Transport of gases, 477 

 Transposition of great vessels, 306 f , 307 

 Trauma, 611–616.  see also   specifi c type  

 immediate management (ABCs), 613 t  

 minor, 618–619 

 Traumatic iritis, 696 

 Traumatic mydriasis, 696 

 Traumatic optic neuropathy, 695 

 Treacher Collins syndrome, 8, 254, 681 t  

 Trichomoniasis, in adolescents, 69–70 t  

 Tricuspid atresia, 300 t , 304 f , 307 

 Trisomy 13, 260 

 Trisomy 18, 12, 260 

 Trisomy 21.  see  Down syndrome 

 Truncus arteriosus, 300 t , 304 f , 307 
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 Tuberculin skin test, 213 t  

 Tuberculosis, 211–216 

 drugs commonly used, 214 t  

 selected forms, 212 t  

 Tuberculous lymphadenitis (scrofula), 213 

 Tufted angioma, 599 

 Turner syndrome, 261 

 Tympanic membrane, 682 

 U 

 Ulcerative colitis, 398 

 diff erentiation by imaging, 402 t  

 surgery, 404 

 Umbilical cord, inspection in newborn, 11 

 Umbilical hernia, 390 

 Umbilication, 609 

 Upper airway 

 diff erential diagnosis, 175 t  

 sounds, 484 t  

 Upper respiratory tract infections, 170–172 

 surgery and, 653 

 viruses, 171 t  

 Urethritis, 69–70 t  

 Urinary anion gap, 570 f  

 Urinary tract infection (UTI), 551–556, 555 f  

 antimicrobials, 556 t  

 factors predisposing, 552 t  

 imaging studies, 554 t  

 signs and symptoms, 552 t  

 urine culture for diagnosis, 553 t  

 Urticaria, 603 

 Usher syndrome, 681 t  

 V 

 Vaccination.  see  Immunization,  and the specifi c virus  

 Vaginal discharge, in newborn, 11 

 Vagovagal syncope, 331 

 Varicella.  see also  Chickenpox (varicella) 

 immunization, 35, 36 t , 37 f , 38 f  

 Vascular access sites, 647–648 f  

 Vascular birthmarks, 599 

 Vascular malformations, headaches and, 529 

 Vascular nevi, 5 

 Vascular ring, 640 

 Vasculitis, 591–593 

 classifi cations, 592 t  

 Vasopressin, 333 

 Vasovagal syncope, 330 

 Venous cannulation sites, 647–648 f  

 Venous hum, 302 t  

 Ventilation–perfusion mismatch, 227 

 Ventilation, 477 

 Ventricular dysrhythmias, 316–317 

 Ventricular fi brillation, 317 

 Ventricular septal defect, 296, 299 t , 304 f , 305 f  

 Ventricular tachycardia, 317, 318 t  

 Vesicoureteral refl ux, 691–692, 691 f  

 Viral exanthems, 195–203, 608–609 

 clinical characteristics, 197 t  

 microbiologic characteristics, 196 t  

 Viral gastroenteritis, 658 

 Viral pneumonia, 179–180, 181 t  

 Visceral pain, as a surgical condition, 657 

 Vitamin B 
12

  defi ciency anemia, 416 

 Vitamin K defi ciency, 430 

 Vitiligo, 604, 604 f  

 Vitreous hemorrhage, 696 

 Volume-cycled ventilation, 638 f  

 Volume-time spirogram, 485 f  

 Vomiting, 383–395 

 von Willebrand factor (vWF), 426, 429 

 Vulvovaginal candidiasis, in adolescents, 69–70 t  

 W 

 Waardenburg syndrome, 9, 681 t  

 Walking/stepping refl ex, 25 t  

 Warfarin, genetic disorders and, 272 

 Warts, 609, 609 f  

 Water balance disorders, 354–359, 355 t  

 Water safety, counseling guidelines, 45–59 t  

 Wechsler Intelligence Scale for Children (WISC), 279 

 Weight-for-age percentiles 

 boys, 28 f , 29 f  

 girls, 26 f , 27 f  

 Weight-for-length percentiles 

 boys, 30 f  

 girls, 31 f  

 Werdnig-Hoff mann disease, 514 

 White blood cells, disorders, 422–425 

 Wiedemann-Beckwith syndrome, 10 

 Wilms tumor, 9, 12, 446, 664 

 Wilson disease, 409 

 Wiskott-Aldrich syndrome, 429 

 Wolff -Parkinson-White syndrome, 315, 331 

 Wounds, high risk for infection, 620 t  

 X 

 45,x.  see  Turner syndrome 

 X-linked recessive disorders, 267–268, 267 t , 268 f  

 47,xxy.  see  Klinefelter syndrome 

 Y 

  Yersinia enterocolitica,  380 

  Yersinia pestis,  182 

 Z 

 Zollinger-Ellison syndrome, 389 

 Zona fasciculata, 344 

 Zona glomerulosa, 344 

 Zona reticularis, 344 

 Zoster.  see  Herpes zoster 
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