


Reference 
Range
Values
for Pediatric Care

Reference Reference Reference Reference 
RangeRange
for Pediatric Carefor Pediatric Carefor Pediatric Care
Lamia Soghier, MD, FAAP
Editor

Katherine Pham, PharmD, BCPS
Sara Rooney, PharmD, BCPS
Contributing Editors

Reference Range Values 
for Pediatric Care
Lamia Soghier, MD, FAAP
Editor

Contributing editors
Katherine Pham, PharmD, BCPS
Sara Rooney, PharmD, BCPS

Custom designed for today’s busy 
 practitioners, this quick-access 
resource provides commonly used 
ranges and values spanning birth 
through adolescence. Data needed for 
management of preterm and other 
newborns is highlighted throughout. 

Look here for practice-focused 
help with
• Blood pressure ranges
• Body surface area calculation
• Bone age metrics
• Hematology values 
• Cerebrospinal � uid values
• Lymphocyte subset counts
• Clinical chemistry ranges
• Thyroid function
• Endocrine values
• Umbilical vein and artery 

 catheterization measurements
• Caloric intake values

… and more!

Assessment and management 
tools you’ll use again and again 

Save time and simplify clinical 
 problem solving with a full set of 
 easy-to-use tools 
from the AAP 
and other 
authoritative 
sources.

• Apgar and New Ballard newborn 
scoring 

• Growth charts
• Metric conversion tables
• Pain scales
• Blood pressure nomograms
• Hyperbilirubinemia nomograms
• Enteral formulas 
• GIR calculators 
• AAP immunization schedules 
• AAP periodicity schedule 

For other pediatric resources, visit 
the AAP Bookstore at www.aap.org/
bookstore. 

Reference Range Values fo
r Ped

iatric Care

AAP

Includes
French Catheter
Scale sample!



Reference  
Range
Values
for Pediatric Care

Lamia Soghier, MD, FAAP
Editor

Katherine Pham, PharmD, BCPS 
Sara Rooney, PharmD, BCPS

Contributing Editors



American Academy of Pediatric Department of Marketing and Publications Staff

Maureen DeRosa, MPA, Director, Department of Marketing and Publications
Mark Grimes, Director, Division of Product Development
Alain Park, Senior Product Development Editor
Carrie Peters, Editorial Assistant 
Sandi King, MS, Director, Division of Publishing and Production Services
Theresa Wiener, Manager, Publications Production and Manufacturing
Amanda Cozza, Editorial Specialist
Peg Mulcahy, Manager, Graphic Design and Production
Julia Lee, Director, Division of Marketing and Sales
Linda Smessaert, Brand Manager, Clinical and Professional Publications

Library of Congress Control Number: 2013949731
ISBN: 978-1-58110-849-1
eISBN: 978-1-58110-854-5
MA0702

The recommendations in this publication do not indicate an exclusive course of treatment or serve as a 

standard of medical care. Variations, taking into account individual circumstances, may be appropriate. 

Every effort has been made to ensure that the drug selection and dosage set forth in this text are in 

 accordance with the current recommendations and practice at the time of publication. It is the respon-

sibility of the health care professional to check the package insert of each drug for any change in indica-

tions and dosage and for added warnings and precautions.

The mention of product names in this publication is for informational purposes only and does not imply 

endorsement by the American Academy of Pediatrics.

The publishers have made every effort to trace the copyright holder for borrowed material. If they 

have inadvertently overlooked any, they will be pleased to make the necessary arrangement at the 

first opportunity.

Copyright © 2014 American Academy of Pediatrics. All rights reserved. No part of this publication may be 

reproduced, stored in a retrieval system, or transmitted in any form or by any means, electronic, mechani-

cal, photocopying, recording, or otherwise, without prior permission from the publisher. 

Printed in the United States of America.

9-345/0314

1 2 3 4 5 6 7 8 9 10



iii

Editor
Lamia M. Soghier, MD, FAAP
Assistant Professor of Pediatrics
The George Washington  University School of Medicine and 
Health Sciences
Medical Unit Director
Division of Neonatology
Children’s National Health System
Washington, DC

Contributing Editors
Katherine Pham, PharmD, BCPS 
NICU Clinical Specialist
Director-Pharmacy Residency Programs
Children’s National Health System
Division of Pharmacy
Washington, DC

Sara Rooney, PharmD, BCPS
PICU Clinical Specialist
Children’s National Health System
Division of Pharmacy
Washington, DC





CONTENTS

Introduction ............................................................................................... ix

1. CONVERSIONS .......................................................................................1
Conversion Formulas .......................................................................... 1
Temperature Conversion .................................................................... 2

Fahrenheit to Celsius Conversion ................................................. 2

2. SCALES AND SCORING ..........................................................................3
Apgar Score .......................................................................................... 3
New Ballard Score ............................................................................... 4
Pain Scales ............................................................................................ 6

FLACC Pain Scale ........................................................................... 6
Pediatric Early Warning Score (PEWS) ........................................ 7

3. GROWTH ...............................................................................................9
Determining Body Surface Area ........................................................ 9
Growth Charts .................................................................................... 10
Growth Charts for Children With Special Health Care Needs ...... 38
Growth Measures for Extremities/Ear Above Eye Levels ............... 44
Primary Teeth Eruption Chart.......................................................... 51

4. BLOOD PRESSURE ................................................................................53
Blood Pressure Nomograms ............................................................. 53

Healthy Term Newborns During the First 12 Hours  
of Life ........................................................................................ 53

Preterm and Full-term Newborns During the First Day  
of Life  (According to Birth Weight) ....................................... 54

Preterm and Full-term Newborns During the First Day  
of Life  (According to Gestational Age) .................................. 55

Preterm and Full-term Newborns According to  
Post-conceptional Age  ............................................................. 56

Children Younger Than 1 Year .................................................... 57
Blood Pressure Levels for Boys by Age and Height  Percentile ...... 58
Blood Pressure Levels for Girls by Age and Height  Percentile ...... 61



vi Reference Range Values for Pediatric Care

5. REFERENCE RANGE VALUES .................................................................65
Cerebrospinal Fluid ........................................................................... 65
Clinical Chemistry ............................................................................. 68
Newborn Clinical Chemistry ............................................................. 82
Hematology ........................................................................................ 84
Coagulation Tests ............................................................................... 86

Healthy Full-term Infant During the First 6 Months  
of Life ........................................................................................ 86

Inhibition of Coagulation in the Healthy Full-term  
Infant During the First 6 Months of Life ................................ 88

Healthy Preterm Infants (30 to 36 Weeks’ Gestation)  
During the First 6 Months of Life ........................................... 89

Inhibition of Coagulation in Healthy Preterm Infants  
(30 to 36 Weeks’ Gestation) During the First 6 Months  
of Life ........................................................................................ 90

Healthy Children Aged 1 to 16 Years Compared  
With Adults ............................................................................... 91

Inhibition of Coagulation in Healthy Children Aged  
1 to 16 Years Compared With Adults ...................................... 92

Fibrinolytic System in Healthy Children Aged 1 to  
16 Years  Compared With Adults .............................................. 93

Lymphocyte Subset Counts in Peripheral Blood ............................ 94
Thyroid Function Tests ..................................................................... 97

Very Low Birth Weight Infants .................................................... 97
Preterm Infants ............................................................................. 97
Infants, Children, and Adults ...................................................... 98

Endocrine Laboratory Values ........................................................... 99
Growth Hormone Values ............................................................. 99
8 am Cortisol Levels ..................................................................... 99
Serum 17 Hydroxyprogesterone ............................................... 100

6. HYPERBILIRUBINEMIA MANAGEMENT .................................................101
Risk Nomogram ............................................................................... 101
Phototherapy Nomogram ............................................................... 102
Exchange Transfusion Nomogram ................................................. 103



viiContents

7. RATE AND GAP CALCULATIONS .........................................................105
Glucose Infusion Rate ..................................................................... 105
Calculated Serum Osmolality  ........................................................ 105
Anion Gap  ....................................................................................... 105

8. NUTRITION, FORMULA PREPARATION, AND CALORIC COUNTS ..........107
Preparation of Infant Formula for Standard and  

Soy  Formulas ................................................................................ 107
Common Caloric Supplements ...................................................... 108
Enteral Formulas, Including Their Main  

Nutrient Components ................................................................. 108
Composition of Fluids Frequently Used in Oral  Rehydration ..... 116
Dietary Reference Intakes ............................................................... 117
Fluoride Sources and Supplementation ........................................ 119

9. UMBILICAL VEIN AND ARTERY  CATHETERIZATION MEASUREMENTS ....121
Using Birth Weight to Measure Catheter Length ......................... 121
Using Shoulder-Umbilical Length to Measure Umbilical  

Artery Catheter Length ............................................................... 123
Using Shoulder-Umbilical Length to Measure Umbilical  

Vein Catheter Length .................................................................. 124

10. DOSES AND LEVELS OF  COMMON ANTI BIOTIC AND  
ANTISEIZURE  MEDICATIONS...............................................................125
Antibiotics ........................................................................................ 126
Antiseizure ....................................................................................... 134

11. APPENDIXES ......................................................................................143
Acetaminophen Toxicity Nomogram ............................................. 144
Rabies Guidelines ............................................................................ 145
Immunization Schedules ................................................................ 146
Periodicity Schedule ...................................................................  insert
French Catheter Scale ................................................................  insert





ix

INTRODUCTION

Reference Range Values for Pediatric Care was created in response to an 
overwhelming need from pediatricians, pediatric residents, nurse 
 practitioners, and other pediatric providers who acknowledged the 
utility of the reference range values section in Quick Reference Guide 
to Pediatric Care, part of the American Academy of Pediatrics (AAP) 
point-of-care offerings, which also include the AAP Textbook of Pediatric 
Care and Pediatric Care Online. Pediatricians have been quick to recog-
nize both the ease of accessibility and breadth of knowledge that the 
Pediatric Care series allows, even as they continued to make “normal 
values” the most searched-for term in the series. As an answer to this, 
and in our effort to strike the ultimate balance between the practical 
and the comprehensive, we decided to develop a short stand-alone 
handbook of reference range values.
 This handbook was designed with the busy practitioner in mind. 
Compact and clear-cut, it provides the most commonly used reference 
range values, charts, and formulas at your fingertips. The values span 
the gamut of age groups from newborn to adolescence, with a particu-
lar emphasis throughout on the values needed for the management of 
preterm newborns younger than 37 weeks. This focus is complemented 
by sections that address common newborn scores (eg, Apgar, Ballard) 
as well as the AAP newborn hyperbilirubinemia management charts. 
We have also included a new section for the series on commonly used 
antibiotics and antiseizure medications with recommended serum drug 
target levels; preterm and neonatal populations are highlighted to 
benefit the pediatrician responsible for the complex dosing for this age 
group. To that effect, we enlisted the help of 2 experienced pediatric 
pharmacists as contributing editors, Katherine Pham PharmD, BCPS, 
and Sara Rooney PharmD, BCPS. Additionally, the handbook features 
pain scales, growth measures for extremities, and the AAP immuniza-
tion and periodicity schedules.
 In writing Reference Range Values for Pediatric Care, I would like to 
thank 4 integral people without whom this book would not have come 
to light. Firstly, I am indebted to Dr Deborah Campbell, Division Chief 
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of Neonatology at the Children’s Hospital at Montefiore, for all her 
help with the inception of the original chapter and, subsequently, this 
handbook. I would also like to thank Martha Cook for coalescing the 
concept of this book alongside Mark Grimes and the AAP editorial 
team. Lastly, I would like to thank Alain Park for his keen eye, fantastic 
input, and for keeping me on track during development.
 I’d also like to give a special thanks to Drs Jennifer Chapman 
(pediatric emergency medicine), Aisha Davis (hospitalist division), and 
Kristin Arcana (pediatric endocrinology) at Children’s National Health 
System for their thorough review and valuable contribution to the text.
 As we strive to improve the health of all children, I hope this book is 
another little step to that end. Be on the lookout for the upcoming app!

Lamia Soghier, MD, FAAP
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1. Conversions

CONVERSION FORMULAS

Height (length)
1 mm = 0.04 in
1 cm = 0.4 in

1 in = 2.54 cm
1 m = 39.37 in

Weight
60 mg = 1 g
28.35 g = 1 oz
453.6 g = 1 lb
1,000 g = 1 kg
1 kg = 2.2046 lb

1 L = 1.06 qt
1 fl oz = 29.57 mL
1 tbsp = 15 mL
1 tsp = 5 mL

Milligram–milliequivalent conversions
mEq/L = mg/L × valence/atomic weight
Equivalent weight = atomic weight/

valence

mg/L = mEq/L × atomic weight/valence

Milligram-millimole conversions
mmol/L = mg/L ÷ molecular weight

Milliosmols
The milliequivalent (mEq) is roughly equivalent to the milliosmol (mOsm), the unit 
of measure of osmotic pressure or tonicity. One osmole (Osm) is the amount of 
a substance that dissociates in solution to form one mole (mol) of osmotically 
active particles.
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TEMPERATURE CONVERSION

Celsius: ºC = 5/9 (ºF − 32)
Fahrenheit: ºF = 9/5 (ºC + 32)

Fahrenheit to Celsius Conversion

ºF ºC ºF ºC ºF ºC ºF ºC ºF ºC
125 51.6 92 33.3 59 15.0 26 -3.3 -7 -21.6
124 51.1 91 32.7 58 14.4 25 -3.9 -8 -22.2
123 50.5 90 32.2 57 13.9 24 -4.4 -9 -22.8
122 50.0 89 31.6 56 13.3 23 -5.0 -10 -23.3
121 49.4 88 31.1 55 12.8 22 -5.6 -11 -23.9
120 48.8 87 30.5 54 12.2 21 -6.1 -12 -24.4
119 48.3 86 30.0 53 11.7 20 -6.7 -13 -25.0
118 47.7 85 29.4 52 11.1 19 -7.2 -14 -25.5
117 47.2 84 28.9 51 10.5 18 -7.8 -15 -26.1
116 46.6 83 28.3 50 10.0 17 -8.3 -16 -26.6
115 46.1 82 27.8 49 9.4 16 -8.9 -17 -27.2
114 45.5 81 27.2 48 8.9 15 -9.4 -18 -27.8
113 45.0 80 26.6 47 8.3 14 -10.0 -19 -28.3
112 44.4 79 26.1 46 7.8 13 -10.5 -20 -28.9
111 43.8 78 25.5 45 7.2 12 -11.1 -21 -29.4
110 43.3 77 25.0 44 6.7 11 -11.7 -22 -30.0
109 42.7 76 24.4 43 6.1 10 -12.2 -23 -30.5
108 42.2 75 23.9 42 5.6 9 -12.8 -24 -31.1
107 41.6 74 23.3 41 5.0 8 -13.3 -25 -31.6
106 41.1 73 22.8 40 4.4 7 -13.9 -26 -32.2
105 40.5 72 22.2 39 3.9 6 -14.4 -27 -32.7
104 40.0 71 21.6 38 3.3 5 -15.0 -28 -33.3
103 39.4 70 21.1 37 2.8 4 -15.5 -29 -33.9
102 38.9 69 20.5 36 2.2 3 -16.1 -30 -34.4
101 38.3 68 20.0 35 1.7 2 -16.7 -31 -35.0
100 37.7 67 19.4 34 1.1 1 -17.2 -32 -35.5

99 37.2 66 18.9 33 0.6 0 -17.8 -33 -36.1
98 36.6 65 18.3 32 0.0 -1 -18.3 -34 -36.6
97 36.1 64 17.8 31 -0.6 -2 -18.9 -35 -37.2
96 35.5 63 17.2 30 -1.1 -3 -19.4 -36 -37.7
95 35.0 62 16.7 29 -1.7 -4 -20.0 -37 -38.3
94 34.4 61 16.1 28 -2.2 -5 -20.5 -38 -38.9
93 33.9 60 15.5 27 -2.8 -6 -21.1 -39 -39.4

-40 -40.0
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2. Scales and Scoring

APGAR SCORE

0 Points 1 Point 2 Points
Points 
Totaled

Activity 
(muscle tone)

Limp Some flexion Active motion

Pulse Absent <100 beats/min
>100 beats/
min

Grimace 
(reflex 
 irritability)

No response Grimace
Cry or active 
withdrawal

Appearance 
(skin color/
complexion)

Pale or blue
Acrocyanotic 
(body pink, 
extremities blue

Completely 
pink

Respiration/
Breathing

Absent
Weak cry; hypo-
ventilation

Good;
crying

Severely depressed 0–3

Moderately depressed 4–6

Excellent condition 7–10
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6 Reference Range Values for Pediatric Care

PAIN SCALES

FLACC Pain Scale
Each of the 5 categories is scored from 0 to 2: (F) Face; (L) Legs; (A) Activity; (C) Cry; 
(C) Consolability. The total score will be between 0 and 10.

For pediatric/preverbal (validated 2 months to 7 years)
Not valid for children with developmental delay

CATEGORY SCORING
0 1 2

Face No particular expres-
sion or smile

Occasional grimace 
or frown, withdrawn, 
disinterested

Frequent to constant 
quivering chin, 
clenched jaw

Legs Normal position or 
relaxed

Uneasy, restless, 
tense

Kicking or legs 
drawn up

Activity Lying quietly, normal 
position, moves 
easily

Squirming, shifting 
back and forth, tense

Arched, rigid, or 
jerking

Cry No cry (awake or 
asleep)

Moans or whimpers; 
occasional complaint

Crying steadily, 
screams or sobs, 
frequent complaints 

Consolability Content, relaxed Reassured by 
occasional touching, 
hugging, or being 
talked to; distractible

Difficult to console or 
comfort

The FLACC Behavioral Scale for Postoperative Pain in Young Children. Merkel Sl, et al. (1997).

The FLACC: a behavioral scale for scoring postoperative pain in young children. Pediatric Nursing, 
23(3), 293–297.

Wong-Baker FACES® Foundation (2014). Wong-Baker FACES® Pain Rating Scale. Retrieved  
January 1, 2014, with permission from http://www.WongBakerFACES.org.
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Pediatric Early Warning Score (PEWS)

0 1 2 3 Score
Behavior Playing/ 

Appropriate
Sleeping Irritable Lethargic/ 

confused
OR
Reduced 
response to 
pain

Cardio-
vascular

Pink
OR
Capillary 
refill 1–2 
seconds

Pale or dusky
OR
Capillary refill
3 seconds

Grey or 
cyanotic
OR
Capillary refill 
4 seconds
OR
Tachycardia 
of 20 beats/
min above 
normal rate

Grey or 
cyanotic and 
mottled
OR
Capillary refill 
5 seconds or 
above
OR
Tachycardia of 
30 beats/min 
above normal 
rate
OR
Bradycardia

Respiratory Within 
normal 
 parameters, 
no retrac-
tions

>10 breaths/
min above 
 normal param-
eters
OR
Using 
 accessory 
muscles
OR
30+%Fio2 or  
3+ liters/min

>20 breaths/
min above 
normal 
parameters
OR
Retractions
OR
40+%Fio2 or 
6+ liters/min 

≥5 breaths/
min below 
normal pa-
rameters with 
retractions, or, 
grunting
OR
50+%Fio2 or  
8+ liters/min

• Score by starting with the most severe parameters first. 

• Score 2 extra for every 15-minute nebs (includes continuous nebs) or persistent postoperative vomiting.

• Use “liters/min” to score regular nasal cannula.

• Use “Fio2” to score a high flow nasal cannula.

Adapted from Monaghan A. Detecting and managing deterioration in children. Paedriatic Nursing. 
2005;17:32–35.



8 Reference Range Values for Pediatric Care

Heart Rate at Rest 
(beats/min)

Respiratory Rate at Rest 
(breaths/min)

Birth – 1 mo 100–180 40–60

1 – 12 mo 100–180 35–40

1 – 3 y 70–110 25–30

4 – 6 y 70–110 21–23

7 – 12 y 70–110 19–21

13 – 19 y 55–90 16–18

Pediatric Early Warning Score (PEWS), continued
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3. Growth

DETERMINING BODY SURFACE AREA
Based on the nomogram, a straight line joining the patient’s height and 
weight will intersect the center column at the calculated body surface 
area (BSA). For  children of normal height and weight, use the child’s 
weight in pounds, and then read across to the corresponding BSA in 
meters squared. Alternatively, you can use  Mosteller’s  formula.

Nomogram and equation to determine body surface area. 
From Arcara KM, Tschudy MM, eds. The Harriet Lane Handbook. 19th ed. St Louis, MO: 
Mosby; 2012. Reproduced with permission. Copyright © 2012 Elsevier.
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GROWTH CHARTS
 Growth Charts 1289

AP
P

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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GROWTH CHARTS, continued

 Growth Charts 1293

AP
P

SOURCE: Developed b

(2000).

y the National Center for Health Statistics in collaboration with

the National Center for Chronic Disease Prevention and Health Promotion

http://www.cdc.gov/growthcharts

2 to 20 years: Girls

Stature Weight-for-age percentiles-for-age and
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Revised and corrected November 21, 2000.
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Figure 24. Clinical growth chart 5th, 10th, 25th, 50th, 75th, 85th, 90th, 95th percentiles, 2 to 20 years: Girls body mass index-for-age 
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 Growth Charts 1299
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2 to 20 years: Girls
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GROWTH CHARTS, continued
1300 Appendix A

Pediatric Nutrition, 7th Edition

2 to 20 years: Girls

Body mass index-for-age percentiles
NAME

RECORD #

SOURCE: Developed b

(2000).

y the National Center for Health Statistics in collaboration with

the National Center for Chronic Disease Prevention and Health Promotion

http://www.cdc.gov/growthcharts
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GROWTH CHARTS, continued
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Figure 21. Clinical growth chart 5th, 10th, 25th, 50th, 75th, 90th, 95th percentiles, 2 to 20 years: Boys stature-for-age and weight-for-age 

Series 11, No. 246 [ Page 39  



20 Reference Range Values for Pediatric Care

GROWTH CHARTS, continued Series 11, No. 246 [ Page 41  

Figure 23. Clinical growth chart 5th, 10th, 25th, 50th, 75th, 85th, 90th, 95th percentiles, 2 to 20 years: Boys body mass index-for-age 



21Growth

 Growth Charts 1295

AP
P

56

52

48

44

40

36

32

28

24

20

lb lb

56

52

48

44

40

36

32

28

24

20

60

in

cm

31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

kg kg

19

18

17

16

15

14

13

12

11

10

9

8

27

26

25

24

23

22

21

20

26

25

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

28

29

30

31

32

33

34

64

68

72

76
kg lb

kg

kg lb

lb

80 85 90 95 100 105 110 115 120

Date Age Weight Stature Comments

95

50

25

75

90

95

5
10

85

STATURE

Weight-for-stature percentiles: Boys
NAME

RECORD #

SOURCE: Developed b

(2000).

y the National Center for Health Statistics in collaboration with

the National Center for Chronic Disease Prevention and Health Promotion

http://www.cdc.gov/growthcharts



22 Reference Range Values for Pediatric Care
 Growth Charts 1297

AP
P

2 to 20 years: Boys

Stature Weight-for-age percentiles-for-age and

NAME

RECORD #

SOURCE: Developed b

(2000).

y the National Center for Health Statistics in collaboration with

the National Center for Chronic Disease Prevention and Health Promotion

http://www.cdc.gov/growthcharts

Revised and corrected November 21, 2000.
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GROWTH CHARTS, continued
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2 to 20 years: Boys

Body mass index-for-age percentiles
NAME

RECORD #

SOURCE: Developed b

(2000).

y the National Center for Health Statistics in collaboration with

the National Center for Chronic Disease Prevention and Health Promotion

http://www.cdc.gov/growthcharts
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GROWTH CHARTS, continued

Neonatal Growth Curve — Girls, Weight
A
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From Olsen IE, Groveman S, Lawson ML, Clark R, Zemel B. New intrauterine growth curves  
based on U.S. data. Pediatrics. 2010;125(2):e214– e244



25Growth

Neonatal Growth Curve — Girls, Length and Head Circumference
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From Olsen IE, Groveman S, Lawson ML, Clark R, Zemel B. New intrauterine growth curves based 
on U.S. data. Pediatrics. 2010;125(2):e214 – e244
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GROWTH CHARTS, continued
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FIGURE 1
New gender-specific intrauterine growth curves for girls’ weight-for-age (A), girls’ length- and HC-for-age (B), boys’ weight-for-age (C), and boys’ length- and
HC-for-age (D). Of note, 3rd and 97th percentiles on all curves for 23 weeks should be interpreted cautiously given the small sample size; for boys’ HC curve
at 24 weeks, all percentiles should be interpreted cautiously because the distribution of data is skewed left. Adapted from Groveman.

Neonatal Growth Curve — Boys, Weight 

From Olsen IE, Groveman S, Lawson ML, Clark R, Zemel B. New intrauterine growth curves based 
on U.S. data. Pediatrics. 2010;125(2):e214 – e244
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New gender-specific intrauterine growth curves for girls’ weight-for-age (A), girls’ length- and HC-for-age (B), boys’ weight-for-age (C), and boys’ length- and
HC-for-age (D). Of note, 3rd and 97th percentiles on all curves for 23 weeks should be interpreted cautiously given the small sample size; for boys’ HC curve
at 24 weeks, all percentiles should be interpreted cautiously because the distribution of data is skewed left. Adapted from Groveman.

Neonatal Growth Curve — Boys, Length and Head Circumference

From Olsen IE, Groveman S, Lawson ML, Clark R, Zemel B. New intrauterine growth curves based 
on U.S. data. Pediatrics. 2010;125(2):e214 – e244
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GROWTH CHARTS, continued

 Growth Charts 1313

Appendix A 1313

AP
P

Fig. A-4.2

Reproduced with permission from Fenton TR, Kim JH. A systematic review and meta-analysis to revise the Fenton growth chart 
for preterm infants. BMC Pediatr. 2013;13:59.
doi:10.1186/1471-2431-13-59

Fenton Preterm Growth Chart — Girls

© 2013 Fenton and Kim; licensee BioMed Central Ltd.
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Pediatric Nutrition, 7th Edition

Appendix A - 4

Fig. A-4.1

Reproduced with permission from Fenton TR, Kim JH. A systematic review and meta-analysis to revise the Fenton growth chart 
for preterm infants. BMC Pediatr. 2013;13:59.
doi:10.1186/1471-2431-13-59

Fenton Preterm Growth Chart — Boys

© 2013 Fenton and Kim; licensee BioMed Central Ltd.
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GROWTH CHARTS, continued

Appendix A

Pediatric Nutrition, 7th Edition

Appendix A - 5

Fig. A-5.1
Low Birth Weight Growth ChartsIHDP Low Birth Weight and Very Low Birth Weight Growth Charts
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Fig. A-5.2
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GROWTH CHARTS, continued

Appendix A

Pediatric Nutrition, 7th Edition

Fig. A-5.5
GROWTH CHARTS, continued
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Fig. A-5.6



34 Reference Range Values for Pediatric Care

GROWTH CHARTS, continued

1316 Appendix A

Pediatric Nutrition, 7th Edition

Fig. A-5.3

1320 Appendix A

Pediatric Nutrition, 7th Edition

Fig. A-5.7
GROWTH CHARTS, continued
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 Growth Charts 1317

Fig. A-5.4Fig. A-5.8
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1320 Appendix A

Pediatric Nutrition, 7th Edition

Fig. A-5.7
GROWTH CHARTS, continued
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Fig. A-5.8
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GROWTH CHARTS FOR CHILDREN WITH SPECIAL HEALTH 
CARE NEEDS

Several growth charts are available for children with special health care 
needs. Listed below are some charts for children with genetic condi-
tions that can alter growth.

• Trisomy 21 (Down syndrome) (Cronk, 1988)
• Prader-Willi syndrome (Holm, 1995)
• Williams syndrome (Morris, 1988)
• Cornelia de Lange syndrome (Kline, 1993)
• Turner syndrome (Ranke, 1983; Lyon, 1985)
• Rubinstein-Taybi syndrome  (Stevens, 1990)
• Marfan syndrome (Pyeritz, 1983; Pyertiz, 1985)
• Achondroplasia (Horton, 1978)

 Currently, the CDC recommends that clinicians use the regular 
CDC growth charts for assessment of all these children. The inherent 
limitations of studies performed in each of these specific populations 
(eg, small sample size, retrospective nature of data, presence of other 
congenital anomalies such as cardiac conditions, inability to ascertain 
the nutritional status of these children, lack of ethnic diversity, and old 
data) may not afford the clinician an accurate assessment of growth in 
these children.
 We have provided a sample of the Trisomy 21 growth chart, but clini-
cians should be aware of the inherent limitations of this study.
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From Cronk C, Crocker AC, Pueschel SM, et al. Growth charts for 
children with Down syndrome: 1 month to 18 years of age. Pediatrics. 
1988;81(1):102–110.

Height and Weight for Girls With Down Syndrome  
(1–36 mo)
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From Cronk C, Crocker AC, Pueschel SM, et al. Growth charts for children with 
Down syndrome: 1 month to 18 years of age. Pediatrics. 1988;81(1):102–110.

Height and Weight for Girls With Down Syndrome  
(2–18 y)

GROWTH CHARTS FOR CHILDREN WITH SPECIAL HEALTH 
CARE NEEDS, continued
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Height and Weight for Boys With Down Syndrome  
(1–36 mo)

From Cronk C, Crocker AC, Pueschel SM, et al. Growth charts for 
children with Down syndrome: 1 month to 18 years of age. Pediatrics. 
1988;81(1):102–110.
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GROWTH CHARTS FOR CHILDREN WITH SPECIAL HEALTH 
CARE NEEDS, continued

Height and Weight for Boys With Down Syndrome  
(2–18 y)

From Cronk C, Crocker AC, Pueschel SM, et al. Growth charts for 
children with Down syndrome: 1 month to 18 years of age. Pediatrics. 
1988;81(1):102–110.
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GROWTH MEASURES FOR EXTREMITIES/EAR ABOVE EYE LEVELS
The following measures show the normal ranges for upper and lower extremities and level 
of ears for newborns. They can be used to determine abnormalities (eg, newborns with 
suspected genetic anomalies or children with contractures where full limb length may not 
be feasible). The illustrations show the optimal method to measure. The graph can be used 
to plot measurements and determine percentiles.

Upper Arm Length

From Rollins JD, Tribble LM, Collins JS, et al, eds. Growth References. 3rd ed. Greenwood, SC: 
Greenwood  Genetic Center, 2011.
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Forearm Length

From Rollins JD, Tribble LM, Collins JS, et al, eds. Growth References. 3rd ed. Greenwood, SC: 
Greenwood  Genetic Center, 2011.
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Long Bone Length–Upper Limb

From Rollins JD, Tribble LM, Collins JS, et al, eds. Growth References. 3rd ed. Greenwood, SC: 
Greenwood  Genetic Center, 2011.
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Long Bone Length–Lower Limb

From Rollins JD, Tribble LM, Collins JS, et al, eds. Growth References. 3rd ed. Greenwood, SC: 
Greenwood  Genetic Center, 2011.
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Lower Leg Length

From Rollins JD, Tribble LM, Collins JS, et al, eds. Growth References. 3rd ed. Greenwood, SC: 
Greenwood  Genetic Center, 2011.
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Ear Above Eye Level (Gestational Age)

From Rollins JD, Tribble LM, Collins JS, et al, eds. Growth References. 3rd ed. Greenwood, SC: 
Greenwood  Genetic Center, 2011.
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Ear Above Eye Level (Birth Weight)

From Rollins JD, Tribble LM, Collins JS, et al, eds. Growth References. 3rd ed. Greenwood, SC: 
Greenwood  Genetic Center, 2011.
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PRIMARY TEETH ERUPTION CHART
development

Upper Teeth Erupt Shed
Central incisor 8-12 months 6-7 years
Lateral incisor 9-13 months 7-8 years

Canine (cuspid) 16-22 months 10-12 years

First molar 13-19 months 9-11 years

Second molar 23-33 months 10-12 years

Lower Teeth Erupt Shed
Second molar 23-31 months 10-12 years

First molar 14-18 months 9-11 years

Canine (cuspid) 17-23 months 9-12 years
Lateral incisor 10-16 months 7-8 years
Central incisor 6-10 months 6-7 years

Primary Teeth eruption Chart

Primary Teeth

From: American Dental Association. Tooth eruption: the primary teeth. J Am Dent Assoc. 2005;136(11):1619.Copyright © 2014 American Dental Association. All rights reserved. Reprinted with permission.
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4. Blood Pressure

BLOOD PRESSURE NOMOGRAMS

Healthy Term Newborns During the First 12 Hours of Life
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A, Linear regressions (broken lines) and 95% confidence limits (solid lines) of systolic (top) and 
diastolic (bottom) aortic blood pressures on birth weight in 61 healthy term newborns during the 
first 12 hours after birth. For systolic pressure, y = 7.13x + 40.45; r = 0.79. For diastolic pressure, y 
= 4.81x + 22.18; r = 0.71. For both, n = 413 and p < .001. B, Linear regressions (broken lines) and 
95% confidence limits (solid lines) of mean pressure (top) and pulse pressure (systolic-diastolic 
pressure amplitude) (bottom) on birth weight in 61 healthy term newborns during the first 12 
hours after birth. For mean pressure, y = 5.16x + 29.80; n = 443; r = 0.80. For pulse pressure, y = 
2.31x + 18.27; n = 413; r = 0.45. For both, p < .001. 

From Versmold HT, Kitterman JA, Phibbs RH, Gregory GA, Tooley WH. Aortic blood pres-
sure during the first 12 hours of life in infants with birth weight 610 to 4,220 grams. Pediatrics. 
1981;67(5):607– 613.
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Preterm and Full-term Newborns During the First Day of Life 
 (According to Birth Weight)
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A, Linear regression of mean systolic and diastolic blood pressures by birth weight on day 1 of life, 
with 95% confidence limits (CLs) (upper and lower dashed lines). 

From Zubrow AB, Hulman S, Kushner H, Falkner B. Determinants of blood pressure in infants 
admitted to neonatal intensive care units: a prospective multicenter study. Philadelphia Neonatal 
Blood Pressure Study Group. J Perinatol. 1995;15(6):470–479. Reproduced with permission. 
Copyright © 1995 Nature Publishing Group.

A

BLOOD PRESSURE NOMOGRAMS, continued
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Preterm and Full-term Newborns During the First Day of Life 
 (According to Gestational Age)

22 24 26 28 30 32 34 36 38 40 42

0

10

20

30

40

50

60

70

80

90

Gestational Age (weeks)

Lower 95% C.L.

Upper 95% C.L.

Upper 95% C.L.

Sy
st

ol
ic

 B
lo

od
 P

re
ss

ur
e 

(m
m

 H
g)

22 24 26 28 30 32 34 36 38 40 42

0

10

20

30

40

50

60

70

Gestational Age (weeks)

Lower 95% C.L.

D
ia

st
ol

ic
 B

lo
od

 P
re

ss
ur

e 
(m

m
 H

g)

B, Linear regression of mean systolic and diastolic blood pressures by gestational age on day 1 of 
life, with 95% confidence limits (CLs) (upper and lower dashed lines). 

From Zubrow AB, Hulman S, Kushner H, Falkner B. Determinants of blood pressure in infants 
admitted to neonatal intensive care units: a prospective multicenter study. Philadelphia Neonatal 
Blood Pressure Study Group. J Perinatol. 1995;15(6):470–479. Reproduced with permission. 
Copyright © 1995 Nature Publishing Group.

B
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C

BLOOD PRESSURE NOMOGRAMS, continued

Preterm and Full-term Newborns According to Post- 
conceptional Age

C, Linear regression of mean systolic and diastolic blood pressures by postconceptual age in weeks, 
with 95% confidence limits (upper and lower dashed lines). 

From Zubrow AB, Hulman S, Kushner H, et al. Determinants of blood pressure in infants  
admitted to neonatal intensive care units: a prospective multicenter study. Philadelphia Neonatal 
Blood Pressure Study Group. J Perinatol. 1995;15(6):470–479. Reproduced with permission. 
Copyright © 1995 Nature Publishing Group.
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Children Younger Than 1 Year
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90th Percentile
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Diastolic BP 68 65 63 63 63 65 66 67 68 68 69 69 69

Height CM 51 59 63 66 68 70 72 73 74 75 77 78 80

Weight KG 4 4 5 5 6 7 8 9 9 10 10 11 11

A, Age-specific percentiles of blood pressure (BP) measurements in boys—birth to 12 months  
of age; Korotkoff phase IV (K4) used for diastolic BP. B, Age-specific percentiles of blood  
pressure (BP) measurements in girls—birth to 12 months of age; Korotkoff phase IV (K4)  
used for diastolic BP. 

From Task Force on Blood Pressure Control in Children. Report of the Second Task Force on 
Blood Pressure Control in Children—1987. Pediatrics. 1987;79(1):1–25.
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BLOOD PRESSURE LEVELS FOR BOYS BY AGE AND 
HEIGHT  PERCENTILE

Systolic BP (mm Hg)
← Percentile of Height →

Diastolic BP (mm Hg)
← Percentile of Height →

Age 
(Year)

BP
Percen-
tile 5th 10th 25th 50th 75th 90th 95th 5th 10th 25th 50th 75th 90th 95th

1 50th 80 81 83 85 87 88 89 34 35 36 37 38 39 39

 90th 94 95 97 99 100 102 103 49 50 51 52 53 53 54

 95th 98 99 101 103 104 106 106 54 54 55 56 57 58 58

 99th 105 106 108 110 112 113 114 61 62 63 64 65 66 66

2 50th 84 85 87 88 90 92 92 39 40 41 42 43 44 44

 90th 97 99 100 102 104 105 106 54 55 56 57 58 58 59

 95th 101 102 104 106 108 109 110 59 59 60 61 62 63 63

 99th 109 110 111 113 115 117 117 66 67 68 69 70 71 71

3 50th 86 87 89 91 93 94 95 44 44 45 46 47 48 48

 90th 100 101 103 105 107 108 109 59 59 60 61 62 63 63

 95th 104 105 107 109 110 112 113 63 63 64 65 66 67 67

 99th 111 112 114 116 118 119 120 71 71 72 73 74 75 75

4 50th 88 89 91 93 95 96 97 47 48 49 50 51 51 52

 90th 102 103 105 107 109 110 111 62 63 64 65 66 66 67

 95th 106 107 109 111 112 114 115 66 67 68 69 70 71 71

 99th 113 114 116 118 120 121 122 74 75 76 77 78 78 79

5 50th 90 91 93 95 96 98 98 50 51 52 53 54 55 55

 90th 104 105 106 108 110 111 112 65 66 67 68 69 69 70

 95th 108 109 110 112 114 115 116 69 70 71 72 73 74 74

 99th 115 116 118 120 121 123 123 77 78 79 80 81 81 82

6 50th 91 92 94 96 98 99 100 53 53 54 55 56 57 57

 90th 105 106 108 110 111 113 113 68 68 69 70 71 72 72

 95th 109 110 112 114 115 117 117 72 72 73 74 75 76 76

 99th 116 117 119 121 123 124 125 80 80 81 82 83 84 84

7 50th 92 94 95 97 99 100 101 55 55 56 57 58 59 59

 90th 106 107 109 111 113 114 115 70 70 71 72 73 74 74

 95th 110 111 113 115 117 118 119 74 74 75 76 77 78 78

 99th 117 118 120 122 124 125 126 82 82 83 84 85 86 86

8 50th 94 95 97 99 100 102 102 56 57 58 59 60 60 61

 90th 107 109 110 112 114 115 116 71 72 72 73 74 75 76

 95th 111 112 114 116 118 119 120 75 76 77 78 79 79 80

 99th 119 120 122 123 125 127 127 83 84 85 86 87 87 88
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Systolic BP (mm Hg)
← Percentile of Height →

Diastolic BP (mm Hg)
← Percentile of Height →

Age 
(Year)

BP
Percen-
tile 5th 10th 25th 50th 75th 90th 95th 5th 10th 25th 50th 75th 90th 95th

9 50th 95 96 98 100 102 103 104 57 58 59 60 61 61 62  

 90th 109 110 112 114 115 117 118 72 73 74 75 76 76 77  

 95th 113 114 116 118 119 121 121 76 77 78 79 80 81 81  

  99th 120 121 123 125 127 128 129 84 85 86 87 88 88 89  

10 50th 97 98 100 102 103 105 106 58 59 60 61 61 62 63

 90th 111 112 114 115 117 119 119 73 73 74 75 76 77 78

 95th 115 116 117 119 121 122 123 77 78 79 80 81 81 82

 99th 122 123 125 127 128 130 130 85 86 86 88 88 89 90

11 50th 99 100 102 104 105 107 107 59 59 60 61 62 63 63

 90th 113 114 115 117 119 120 121 74 74 75 76 77 78 78

 95th 117 118 119 121 123 124 125 78 78 79 80 81 82 82

 99th 124 125 127 129 130 132 132 86 86 87 88 89 90 90

12 50th 101 102 104 106 108 109 110 59 60 61 62 63 63 64

 90th 115 116 118 120 121 123 123 74 75 75 76 77 78 79

 95th 119 120 122 123 125 127 127 78 79 80 81 82 82 83

 99th 126 127 129 131 133 134 135 86 87 88 89 90 90 91

13 50th 104 105 106 108 110 111 112 60 60 61 62 63 64 64

 90th 117 118 120 122 124 125 126 75 75 76 77 78 79 79

 95th 121 122 124 126 128 129 130 79 79 80 81 82 83 83

 99th 128 130 131 133 135 136 137 87 87 88 89 90 91 91

14 50th 106 107 109 111 113 114 115 60 61 62 63 64 65 65

 90th 120 121 123 125 126 128 128 75 76 77 78 79 79 80

 95th 124 125 127 128 130 132 132 80 80 81 82 83 84 84

 99th 131 132 134 136 138 139 140 87 88 89 90 91 92 92

15 50th 109 110 112 113 115 117 117 61 62 63 64 65 66 66

 90th 122 124 125 127 129 130 131 76 77 78 79 80 80 81

 95th 126 127 129 131 133 134 135 81 81 82 83 84 85 85

 99th 134 135 136 138 140 142 142 88 89 90 91 92 93 93

16 50th 111 112 114 116 118 119 120 63 63 64 65 66 67 67

 90th 125 126 128 130 131 133 134 78 78 79 80 81 82 82

 95th 129 130 132 134 135 137 137 82 83 83 84 85 86 87

 99th 136 137 139 141 143 144 145 90 90 91 92 93 94 94
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Systolic BP (mm Hg)
← Percentile of Height →

Diastolic BP (mm Hg)
← Percentile of Height →

Age 
(Year)

BP
Percen-
tile 5th 10th 25th 50th 75th 90th 95th 5th 10th 25th 50th 75th 90th 95th

17 50th 114 115 116 118 120 121 122 65 66 66 67 68 69 70

 90th 127 128 130 132 134 135 136 80 80 81 82 83 84 84

 95th 131 132 134 136 138 139 140 84 85 86 87 87 88 89

 99th 139 140 141 143 145 146 147 92 93 93 94 95 96 97

Abbreviation: BP, blood pressure.

Note: The 90th percentile is 1.28 SD, the 95th percentile is 1.645 SD, and the 99th percentile is 
2.326 SD over the mean.

BLOOD PRESSURE LEVELS FOR BOYS BY AGE AND 
HEIGHT  PERCENTILE, continued
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BLOOD PRESSURE LEVELS FOR GIRLS BY AGE AND 
HEIGHT  PERCENTILE

Systolic BP (mm Hg)
← Percentile of Height →

Diastolic BP (mm Hg)
← Percentile of Height →

Age 
(Year)

BP
Percen-
tile 5th 10th 25th 50th 75th 90th 95th 10th 25th 50th 75th 90th 95th 95th

1 50th 83 84 85 86 88 89 90   38 39 39 40 41 41 42  

 90th 97 97 98 100 101  102  103   52 53 53 54 55 55 56  

 95th 100 101 102 104  105 106 107  56 57 57 58 59 59 60  

 99th 108  108 109 111  112 113 114  64 64 65 65 66 67 67  

2 50th 85 85 87 88 89 91 91   43 44 44 45 46 46 47  

 90th 98 99 100 101  103 104 105  57 58 58 59 60 61 61  

 95th 102  103 104 105  107 108 109  61 62 62 63 64 65 65  

 99th 109  110 111 112  114 115 116  69 69 70 70 71 72 72  

3 50th 86 87 88 89 91 92 93   47 48 48 49 50 50 51  

 90th 100  100 102 103  104 106 106  61 62 62 63 64 64 65  

 95th 104  104 105 107  108 109 110  65 66 66 67 68 68 69  

 99th 111  111 113 114  115 116  117  73 73 74 74 75 76 76  

4 50th 88 88 90 91 92 94 94   50 50 51 52 52 53 54  

 90th 101  102 103 104  106 107 108  64 64 65 66 67 67 68  

 95th 105  106 107 108  110 111 112  68 68 69 70 71 71 72  

 99th 112  113 114 115  117 118 119  76 76 76 77 78 79 79  

5 50th 89 90 91 93 94 95 96   52 53 53 54 55 55 56  

 90th 103  103 105 106  107 109 109  66 67 67 68 69 69 70  

 95th 107  107 108 110  111 112 113  70 71 71 72 73 73 74  

 99th 114  114 116 117  118 120 120  78 78 79 79 80 81 81  

6 50th 91 92 93 94 96 97 98   54 54 55 56 56 57 58  

 90th 104  105 106 108  109 110 111  68 68 69 70 70 71 72  

 95th 108  109 110 111  113 114 115  72 72 73 74 74 75 76  

 99th 115  116 117 119  120 121 122  80 80 80 81 82 83 83  

7 50th 93 93 95 96 97 99 99   55 56 56 57 58 58 59  

 90th 106  107 108 109  111 112 113  69 70 70 71 72 72 73  

 95th 110  111 112 113  115 116 116  73 74 74 75 76 76 77  

 99th 117  118 119 120  122 123 124  81 81 82 82 83 84 84  

8 50th 95 95 96 98 99  100  101   57 57 57 58 59 60 60  

 90th 108  109 110 111  113 114 114  71 71 71 72 73 74 74  

 95th 112  112 114 115  116 118 118  75 75 75 76 77 78 78  

 99th 119  120 121 122  123 125 125  82 82 83 83 84 85 86  
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BLOOD PRESSURE LEVELS FOR GIRLS BY AGE AND 
HEIGHT  PERCENTILE, continued

Systolic BP (mm Hg)
← Percentile of Height →

Diastolic BP (mm Hg)
← Percentile of Height →

Age 
(Year)

BP
Percen-
tile 5th 10th 25th 50th 75th 90th 95th 10th 25th 50th 75th 90th 95th 95th

9 50th 96 97 98  100  101  102  103   58 58 58 59 60 61 61  

 90th 110  110 112 113  114 116 116  72 72 72 73 74 75 75  

 95th 114  114 115 117  118 119 120  76 76 76 77 78 79 79  

  99th 121  121 123 124  125 127 127  83 83 84 84 85 86 87  

10 50th 98 99 100 102 103 104 105 59 59 59 60 61 62 62

 90th 112 112 114 115 116 118 118 73 73 73 74 75 76 76

 95th 116 116 117 119 120 121 122 77 77 77 78 79 80 80

 99th 123 123 125 126 127 129 129 84 84 85 86 86 87 88

11 50th 100 101 102 103 105 106 107 60 60 60 61 62 63 63

 90th 114 114 116 117 118 119 120 74 74 74 75 76 77 77

 95th 118 118 119 121 122 123 124 78 78 78 79 80 81 81

 99th 125 125 126 128 129 130 131 85 85 86 87 87 88 89

12 50th 102 103 104 105 107 108 109 61 61 61 62 63 64 64

 90th 116 116 117 119 120 121 122 75 75 75 76 77 78 78

 95th 119 120 121 123 124 125 126 79 79 79 80 81 82 82

 99th 127 127 128 130 131 132 133 86 86 87 88 88 89 90

13 50th 104 105 106 107 109 110 110 62 62 62 63 64 65 65

 90th 117 118 119 121 122 123 124 76 76 76 77 78 79 79

 95th 121 122 123 124 126 127 128 80 80 80 81 82 83 83

 99th 128 129 130 132 133 134 135 87 87 88 89 89 90 91

14 50th 106 106 107 109 110 111 112 63 63 63 64 65 66 66

 90th 119 120 121 122 124 125 125 77 77 77 78 79 80 80

 95th 123 123 125 126 127 129 129 81 81 81 82 83 84 84

 99th 130 131 132 133 135 136 136 88 88 89 90 90 91 92

15 50th 107 108 109 110 111 113 113 64 64 64 65 66 67 67

 90th 120 121 122 123 125 126 127 78 78 78 79 80 81 81

 95th 124 125 126 127 129 130 131 82 82 82 83 84 85 85

 99th 131 132 133 134 136 137 138 89 89 90 91 91 92 93
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Abbreviation: BP, blood pressure.

Note: The 90th percentile is 1.28 SD, the 95th percentile is 1.645 SD, and the 99th percentile is 
2.326 SD over the mean.

Systolic BP (mm Hg)
← Percentile of Height →

Diastolic BP (mm Hg)
← Percentile of Height →

Age 
(Year)

BP
Percen-
tile 5th 10th 25th 50th 75th 90th 95th 10th 25th 50th 75th 90th 95th 95th

16 50th 108 108 110 111 112 114 114 64 64 65 66 66 67 68

 90th 121 122 123 124 126 127 128 78 78 79 80 81 81 82

 95th 125 126 127 128 130 131 132 82 82 83 84 85 85 86

 99th 132 133 134 135 137 138 139 90 90 90 91 92 93 93

17 50th 108 109 110 111 113 114 115 64 65 65 66 67 67 68

 90th 122 122 123 125 126 127 128 78 79 79 80 81 81 82

 95th 125 126 127 129 130 131 132 82 83 83 84 85 85 86

 99th 133 133 134 136 137 138 139 90 90 91 91 92 93 93
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5. Reference Range Values

CEREBROSPINAL FLUID

Component
Preterm 
Newborn

Full Term
1–7 Days

Full Term
8–30 
Days

1–3 
Months

4 Months– 
16 Years Adult

Note: Entries listed in alphabetical order.

Color Clear or  
xantho-
chromic

Clear or  
xantho chromic

Clear or  
xantho-
chromic

Clear Clear Clear

Red blood 
cells (/mcL)

3–23 (0–1070)

White blood  
cells (/mcL)

<22–28 <30 <12 <6 <1 <5

Polymorpho-
nuclear cells  
(/mcL)

<20e–60% <38–60% <10% None  
(36%–
71%)

None  
(26%–35%)

None 

Lymphocytes 
(/mcL)

0–20 (if <24 h)  
0–4 (if 7 days)

≤11 ≤5 ≤5 60%–
70%

Monocytes 
(/mcL)

<4 (50%–99%) ≤4 (50%–
99%)

<4 (33%–
67%)

<4 (44%–
90%)

30%–
50%

Protein  
(mg/dL),  
mean ± SD
(95th percen-
tile)

65–150 79 ± 23 (132) 68 ± 20 
(100)

58 ± 17 
(89) up to 
42 days; 
53 ± 17 
(83) up to 
56 days; 
5– 45 after 
56 days 

5–45 5–45

Glucose  
(mg/dL)

24–63 (1.3– 
3.5 mmol/L)

>50 (>2.77 
mmol/L)

>50% in 
serum 
≥38 (2.1 
mmol/L)

≥45  
(≥2.5 
mmol/L)

45–72  
(2.5–4.0 
mmol/L),  
60% in 
serum

2.2– 4.7 
mmol/L

CSF glucose/
blood 
 glucose

0.55–1.05 ≥0.6 ≥0.6 ≥0.6 ≥0.6
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Component
Preterm 
Newborn

Full Term
1–7 Days

Full Term
8–30 
Days

1–3 
Months

4 Months– 
16 Years Adult

Note: Entries listed in alphabetical order.

Lactate 
(mmol/L)

5–30  
(approx 
10% serum 
value)

<3.1  
(if >2 days)

<3.1 <3.1 <2.4 (if 
1–12 y)

Opening 
pressure (mm 
H2O) in lateral 
recumbent 
position

8–11 <28 <28 <28 50–180

CSF  
volume (mL)

60–100 100–160

Fluctuation 
with 
respiration

0.5–1.0 0.5–1.0 0.5–1.0 0.5–1.0 0.5–1.0

Abbreviation: CSF, Cerebral spinal fluid; SD, standard deviation.

Calculating the ratio of red blood cells (RBCs) to white blood cells (WBCs) in CSF
 General rule: For every 500 RBCs in CSF, it is acceptable to have 1 WBC.
 Normal ratio of RBCs to WBCs in peripheral blood is 1,000 RBCs: 1–2 WBCs × 106/L.

Number of WBCs introduced into the CSF per L =
 (WBC[peripheral] × RBC[CSF] ) 

× 106/L
 RBC(peripheral)

Compare this number with the actual number of WBCs in the CSF.
1,000 × 106/L RBCs in CSF raises CSF protein by approximately 0.015 g/L.
Note: correction factors should not be used to reassure that meningitis is unlikely.
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CLINICAL CHEMISTRY

Determination Conventional Units SI Units

Note: Entries listed in alphabetical order.

Acid phosphate

Newborn 7.4–19.4 U/L 7.4–19.4 U/L

2–13 y 6.4–15.2 U/L 6.4–15.2 U/L

Man 0.5–11.0 U/L 0.5–11.0 U/L

Woman 0.2–9.5 U/L 0.2–9.5 U/L

Alanine aminotransferase (ALT)

<5 d 6–50 U/L 6–50 U/L

<12 mo 13–45 U/L 13–45 U/L

1–3 y 5–45 U/L 5–45 U/L

4–6 y 10–25 U/L 10–25 U/L

7–9 y 10–35 U/L 10–35 U/L

Girl 10–11 y 10–30 U/L 10–30 U/L

Boy 10–11 y 10–35 U/L 10–35 U/L

Girl 12–13 y 10–30 U/L 10–30 U/L

Boy 12–13 y 10–55 U/L 10–55 U/L

Girl 14–15 y 5–30 U/L 5–30 U/L

Boy 14–15 y 10–45 U/L 10–45 U/L

Girl >16 y 5–35 U/L 5–35 U/L

Boy >16 y 10–40 U/L 10–40 U/L

Man 10–40 U/L 10–40 U/L

Woman 7–35 U/L 7–35 U/L

Aldolase

10–24 mo 3.4–11.8 U/L 3.4–11.8 U/L

2–16 y 1.2–8.8 U/L 1.2–8.8 U/L

Adult 1.7–4.9 U/L 1.7–4.9 U/L
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Determination Conventional Units SI Units

Note: Entries listed in alphabetical order.

Alkaline phosphatase

Infant 150–420 U/L 150–420 U/L

2–10 y 100–320 U/L 100–320 U/L

Adolescent boy 100–390 U/L 100–390 U/L

Adolescent girl 100–320 U/L 100–320 U/L

Adult 30–120 U/L 30–120 U/L

Ammonia

Newborn 90–150 mcg/dL 64–107 mcmol/L

 0–2 wk 79–129 mcg/dL 56–92 mcmol/L

 >1 mo 29–70 mcg/dL 21–50 mcmol/L

Adult 15–45 mcg/dL 11–32 mcmol/L

Amylase

0–3 mo 0–30 U/L 0–30 U/L

3–6 mo 0–50 U/L 0–50 U/L

6–12 mo 0–80 U/L 0–80 U/L

>1 y 30–100 U/L 30–100 U/L

Adult 27–131 U/L 27–131 U/L

Antinuclear antibody

Negative <1:40

  Patterns with clinical 
correlation:

 Centromere: CREST

  Nuclear:  Scleroderma

  Homogeneous: Systemic 
Lupus  Erythematosus 
(SLE)
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Determination Conventional Units SI Units

Note: Entries listed in alphabetical order.

Antistreptolysin O titer (ASOT) (fourfold rise in serial sample is significant)

Newborn Similar to mother’s value

6–24 mo ≤50 Todd units/mL

2–4 y ≤160 Todd units/mL

≥5 y ≤330 Todd units/mL

Aspartate aminotransferase (AST)

0–10 d 47–150 U/L 47–150 U/L

10 d–24 mo 9–80 U/L 9–80 U/L

Girl >24 mo 13–35 U/L 13–35 U/L

Boy >24 mo 15–40 U/L 15–40 U/L

Bicarbonate

Newborn 17–24 mEq/L 17–24 mmol/L

Infant 19–24 mEq/L 19–24 mEq/L

2 mo–2 y 16–24 mEq/L 16–24 mmol/L

>2 y 22–26 mEq/L 22–26 mmol/L

Bilirubin (total)

Cord

Preterm and term <2 mg/dL <34 mcmol/L

0–1 d

Preterm and term <8 mg/dL <137 mcmol/L

1–2 d

Preterm <12 mg/dL <205 mcmol/L

Term <11.5 mg/dL <197 mcmol/L

3–5 d

Preterm <16 mg/dL <274 mcmol/L

Term <12 mg/dL <205 mcmol/L

CLINICAL CHEMISTRY, continued
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Determination Conventional Units SI Units

Note: Entries listed in alphabetical order.

Bilirubin (total), continued

Older infants

Preterm <2 mg/dL <34 mcmol/L

Term <1.2 mg/dL <21 mcmol/L

Adult <1.5 mg/dL <20.5 mcmol/L

Bilirubin (conjugated)

Neonate <0.6 mg/dL <10 mcmol/L

Infant/children <0.2 mg/dL <3.4 mcmol/L

pH
Pao2  
(mm Hg)

Paco2  
(mm Hg)

Hco3
– 

(mEq/L)

Blood gas, arterial (breathing room air)

Cord blood 7.28 ± 0.05 18.0 ± 6.2 49.2 ± 8.4 14–22

Newborn (birth) 7.11–7.36 8–24 27–40 13–22

 5–10 min 7.09–7.30 33–75 27–40 13–22

 30 min 7.21–7.38 31–85 27–40 13–22

 60 min 7.26–7.49 55–80 27–40 13–22

 1 d 7.29–7.45 54–95 27–40 13–22

Child/adult 7.35–7.45 83–108 32–48 20–28

Note: Venous blood gases can be used to assess acid-base status, not oxygenation. Pco2  averages  
6 to 8 mm Hg higher than Paco2, and pH is slightly lower. Peripheral venous  samples are 
 strongly affected by the local circulatory and metabolic environment.  Capillary blood gases 
correlate best with arterial pH and moderately well with Paco2.
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Determination Conventional Units SI Units

Note: Entries listed in alphabetical order.

Calcium

Total    

Preterm 6.2–11 mg/dL 1.55–2.75 mmol/L

Term <10 d 7.6–10.4 mg/dL 1.9–2.6 mmol/L

10 d–24 mo 9.0–11 mg/dL 2.25-2.75 mmol/L

2–12 y 8.8–10.8 mg/dL 2.2–2.7 mmol/L

12–18 y 8.4 –10.2 mg/dL 2.1–2.55 mmol/L

Ionized

0–1 mo 3.9–6.0 mg/dL 1.0–1.5 mmol/L

1–6 mo 3.7–5.9 mg/dL 0.95–1.5 mmol/L

1–18 y 4.9–5.5 mg/dL 1.22–1.37 mmol/L

Adult 4.75–5.3 mg/dL 1.18–1.32 mmol/L

Carbon dioxide (CO2 content) (see “Blood gas, arterial”)

Carbon monoxide (carboxyhemoglobin)

Nonsmoker 0.5%–1.5% of total hemo-
globin

Smoker 4%–9% of total hemo-
globin

Toxic 20%–50% of total hemo-
globin

Lethal >50% of total  hemoglobin

Chloride (serum)

0–6 mo 97–108 mEq/L 97–108 mmol/L

6–12 mo 97–106 mEq/L 97–106 mmol/L

Child/adult 97–107 mEq/L 97–107 mmol/L

C-reactive protein 0–0.5 mg/d  

CLINICAL CHEMISTRY, continued
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Determination Conventional Units SI Units

Note: Entries listed in alphabetical order.

Creatine kinase (creatine phosphokinase)

Newborn 145–1,578 U/L 145–1,578 U/L

>6 wk–man 20–200 U/L 20–200 U/L

>6 wk–woman 20–180 U/L 20–180 U/L

Creatinine (serum)

Cord 0.6–1.2 mg/dL 53–106 mcmol/L

Newborn 0.3–1.0 mg/dL 27–88 mcmol/L

Infant 0.2–0.4 mg/dL 18–35 mcmol/L

Child 0.3–0.7 mg/dL 27–62 mcmol/L

Adolescent 0.5–1.0 mg/dL 44–88 mcmol/L

Man 0.9–1.3 mg/dL 80–115 mcmol/L

Woman 0.6–1.1 mg/dL 53–97 mcmol/L

Erythrocyte sedimentation rate (ESR)

Child 0–10 mm/h  

Man 0–15 mm/h  

Woman 0–20 mm/h  

Ferritin

Newborn 25–200 ng/mL 56–450 pmol/L

1 mo 200–600 ng/mL 450–1350 pmol/L

2–5 mo 50–200 ng/mL 112–450 pmol/L

6 mo–15 y 7–140 ng/mL 16–350 pmol/L

Man 20–250 ng/mL 45–562 pmol/L

Woman 10–120 ng/mL 22–270 pmol/L

Folate (serum)

Newborn 16–72 ng/mL 16–72 nmol/L

Child 4–20 ng/mL 4–20 nmol/L

Adult 10–63 ng/mL 10–63 nmol/L
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Determination Conventional Units SI Units

Note: Entries listed in alphabetical order.

Folate (red blood cells)

Newborn 150–200 ng/mL 340–453 nmol/L

Infant 74–995 ng/mL 168–2,254 nmol/L

2–16 y >160 ng/mL >362 nmol/L

>16 y 140–628 ng/mL 317–1422 nmol/L

Galactose

Newborn 0–20 mg/dL 0–1.11 mmol/L

Older child <5 mg/dL <0.28 mmol/L

γ-Glutamyl transferase (GGT)

Cord 37–193 U/L 37–193 U/L

0–1 mo 13–147 U/L 13–147 U/L

1–2 mo 12–123 U/L 12–123  U/L

2–4 mo 8–90 U/L 8–90 U/L

4 mo–10 y 5–32 U/L 5–32 U/L

10–15 y 5–24 U/L 5–24 U/L

Man 11–49 U/L 11–49 U/L

Woman 7–32 U/L 7–32 U/L

Glucose (serum)

Preterm 20–60 mg/dL 1.1–3.3 mmol/L

Newborn <1 day 40–60 mg/dL 2.2–3.3 mmol/L

Newborn >1 day 50–90 mg/dL 2.8–5.0 mmol/L

Child 60–100 mg/dL 3.3–5.5 mmol/L

>16 y 70–105 mg/dL 3.9–5.8 mmol/L

Haptoglobin

Newborn 5–48 mg/dL 50–480 mg/dL

>30 d 26–185 mg/dL 260–1850 mg/dL

CLINICAL CHEMISTRY, continued
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Determination Conventional Units SI Units

Note: Entries listed in alphabetical order.

Hemoglobin A1c

Normal 4.5%–5.6%

At risk for diabetes 5.7%–6.4%

Diabetes mellitus ≥6.5%

Hemoglobin F, % total hemoglobin [mean (SD)]

1 d 77.0 (7.3)

5 d 76.8 (5.8)  

3 wk 70.0 (7.3)  

6–9 wk 52.9 (11)  

3–4 mo 23.2 (16)  

6 mo 4.7 (2.2)  

8–11 mo 1.6 (1.0)  

Adult <2.0  

Iron

Newborn 100–250 mcg/dL 17.9–44.8 mcmol/L

Infant 40–100 mcg/dL 7.2–17.9 mcmol/L

Child 50–120 mcg/dL 9.0–21.5 mcmol/L

Man 65–175 mcg/dL 11.6–31.3 mcmol/L

Woman 50–170 mcg/dL 9.0–30.4 mcmol/L

Ketones (serum)

Quantitative 0.5–3.0 mg/dL 5–30 mg/L
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Determination Conventional Units SI Units

Note: Entries listed in alphabetical order.

Lactate

Capillary blood

 0–90 d 9–32 mg/dL 1.1–3.5 mmol/L

 3–24 mo 9–30 mg/dL 1.0–3.3 mmol/L

 2–18 y 9–22 mg/dL 1.0–2.4 mmol/L

Venous 4.5–19.8 mg/dL 0.5–2.2 mmol/L

Arterial 4.5–14.4 mg/dL 0.5–1.6 mmol/L

Lactate dehydrogenase (at 37°C)

0–4 d 290–775 U/L 290–775 U/L

4–10 d 545–2000 U/L 545–2000 U/L

10 d–24 mo 180–430 U/L 180–430 U/L

24 mo–12 y 110–295 U/L 110–295 U/L

>12 y 100–190 U/L 100–190 U/L

Lead

Child <10 mcg/dL <0.48 mcmol/L

Lipase

0–30 d 6–55 U/L 6 –55 U/L

1–6 mo 4–29 U/L 4 –29 U/L

6–12 mo 4–23 U/L 4 –23 U/L

>1 y 3–32 U/L 3 –32 U/L

CLINICAL CHEMISTRY, continued

Desirable Borderline High

Lipids

Cholesterol (mg/dL)

Child/adolescent <170 170–199 >200

Adult <200 200–239 >240
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Desirable Borderline High

Lipids, continued

Low-density lipoprotein (mg/dL)

Child/adolescent <110 110–129 >130

Adult 100 (Near/
Above optimal =  
100–129)

130–159 >160

High-density lipoprotein (mg/dL)

Child/adolescent >35

Adult 40–60  

Determination Conventional Units SI Units

Note: Entries listed in alphabetical order.

Magnesium 1.26–2.1 mEq/L 0.63–1.05 mmol/L

Methemoglobin 0.78 (± 0.37%) of total 
hemoglobin

 

Osmolality 275–295 mOsm/kg 275–295 mmol/kg

Phenylalanine

Preterm 2.0–7.5 mg/dL 121–454 mcmol/L

Newborn 1.2–3.4 mg/dL 73–206 mcmol/L

Adult 0.8–1.8 mg/dL 48–109 mcmol/L

Phosphorus  

0–9 d 4.5– 9.0 mg/dL 1.45 –2.91 mmol/L

10 d–24 mo 4.5– 6.5 mg/dL 1.29 –2.10 mmol/L

3–9 y 3.2–5.8 mg/dL 1.03 –1.87 mmol/L

10–15 y 3.3 – 5.4 mg/dL 1.07–1.74 mmol/L

>15 y 2.4 – 4.4 mg/dL 0.78 –1.42 mmol/L

Porcelain 9.0 –25.04 mg/dL 5.0 –31.03 mmol/L
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Determination Conventional Units SI Units

Note: Entries listed in alphabetical order.

Potassium

Preterm 3.0–6.0 mEq/L 3.0–6.0 mmol/L

Newborn 3.7–5.9 mEq/L 3.7–5.9 mmol/L

Infant 4.1–5.3 mEq/L 4.1–5.3 mmol/L

Child 3.4–4.7 mEq/L 3.4–4.7 mmol/L

Adult 3.5–5.1 mEq/L 3.5–5.1 mmol/L

Prealbumin

Newborn 7–39 mg/dL

1–6 mo 8–34 mg/dL  

6 mo–4 y 12–36 mg/dL  

4–6 y 12–30 mg/dL  

6–19 y 12–42 mg/dL  

TP Albumin α-1 α-2 β γ

Proteins (protein electrophoresis) (g/dL)

Cord 4.8–8 

Preterm 3.6–6.0

Newborn 4.6-7.0

0 –15 d 4.4 –7.6 3.0 –3.9 0.1– 0.3 0.3 – 0.6 0.4–0.6 0.7–1.4

15 d–1 y 5.1–7.3 2.2–4.8 0.1–0.3 0.5–0.9 0.5–0.9 0.5–1.3

1–2 y 5.6–7.5 3.6 –5.2 0.1–0.4 0.5–1.2 0.5–1.1 0.5–1.7

3–16 y 6.0–8.0 3.6–5.2 0.1–0.4 0.5–1.2 0.5–1.1 0.5–1.7

≥16 y 6.0–8.3 3.9–5.1 0.2–0.4 0.4–0.8 0.5–1.0 0.6–1.2

CLINICAL CHEMISTRY, continued



79Reference Range Values

Determination Conventional Units SI Units

Note: Entries listed in alphabetical order.

Pyruvate 0.7–1.32 mg/dL 0.08–0.15 mmol/L

Rheumatoid Factor <30 U/mL

Sodium

<1 y 130–145 mEq/L 130–145 mmol/L

>1 y 135–147 mEq/L 135–147 mmol/L

Total iron-binding capacity (TIBC)

Infant 100–400 mcg/dL 17.9–71.6 mcmol/L

Adult 250–425 mcg/dL 44.8–76.1 mcmol/L

Transferrin

Newborn 130–275 mg/dL 1.30–2.75 g/L

3 mo –16 y 203–360 mg/dL 2.03–3.6 g/L

Adult 215–380 mg/dL 2.15–3.8 g/L

Determination Male (mg/dL) Female (mg/dL)
Total triglycerides
0–7 d 21–182 28–166

8 d–1 mo 30–184 30–165

1–3 mo 40–175 35–282

3–6 mo  45–291 50–355

6 mo–1 y  45–501 36–431

1–3 y 27–125 27–125

4–6 y 32–116 32–116

7–9 y 28–129 28–129

10–19 y 24–145 37–140
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Determination Conventional Units SI Units

Note: Entries listed in alphabetical order.

Troponin-I

0–30 d <4.8 mcg/L

1–3 mo <0.4 mcg/L

3–6 mo <0.3 mcg/L

7–12 mo <0.2 mcg/L

1–18 y <0.1 mcg/L

Urea nitrogen

Premature (<1 wk) 3–25 mg/dL 1.1–8.9 mmol/L

Newborn 2–19 mg/dL 0.7–6.7 mmol/L

Infant/children 5–18 mg/dL 1.8–6.4 mmol/L

Adult 6–20 mg/dL 2.1–7.1 mmol/L

Uric acid

0–30 d 1.0–4.6 mg/dL 0.059–0.271 mmol/L

1–12 mo 1.1–5.6 mg/dL 0.065–0.33 mmol/L

1–5 y 1.7–5.8 mg/dL 0.1–0.35 mmol/L

6–11 y 2.2–6.6 mg/dL 0.13–0.39 mmol/L

Boy 12–19 y 3.0–7.7 mg/dL 0.18–0.46 mmol/L

Girl 12–19 y 2.7–5.7 mg/dL 0.16–0.34 mmol/L

Vitamin A (retinol)

Preterm 13–46 mcg/dL 0.46–1.61 mcmol/L

Term 18–50 mcg/dL 0.63–1.75 mcmol/L

1–6 y 20–43 mcg/dL 0.7–1.5 mcmol/L

7–12 y 20–49 mcg/dL 0.9 –1.7 mcmol/L

13–19 y 26–72 mcg/dL 0.9–2.5 mcmol/L

Vitamin B1 (thiamine) 4.5 –10.3 mcg/dL 106 –242 mcmol/L

Vitamin B2 (riboflavin) 4–24 mcg/dL 106–638 nmol/L

CLINICAL CHEMISTRY, continued
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Determination Conventional Units SI Units

Note: Entries listed in alphabetical order.

Vitamin B12 (cobalamin)

Newborn 160–1300 pg/mL 118–959 pmol/L

Child/adult 200–835 pg/mL 148–616 pmol/L

Vitamin C  
(ascorbic acid)

0.4–2.0 mg/dL 23–114 mcmol/L

Vitamin D3  
(1,25-dihydroxy-vitamin D)

16–65 pg/mL 42–169 pmol/L

25-hydroxy-vitamin D

Normal level 30 – 60 ng/mLa

Insufficiency 21– 29 ng/mL

Deficiency <20 ng/mL

Vitamin E

Preterm 0.5–3.5 mg/L 1–8 mmol/L

Term 1.0–3.5 mg/L 2–8 mmol/L

1–12 y 3–9 mg/L 7–21 mcmol/L

13–19 y 6–10 mg/L 14–23 mcmol/L

Zinc 70–120 mg/dL 10.7–18.4 mmol/L

Abbreviation: CREST, Calcinosis/Raynaud’s syndrome/Esophageal dysmotility/Sclerodactyly/ 
Telangectasis
aControversy exists as to the optimal level of 25-hydroxy-vitamin D level. 

From Arcara KM, Tschudy MM, eds. The Harriet Lane Handbook. 19th ed. St Louis, MO: Mosby; 2012. 
 Reproduced with permission. Copyright © 2012 Elsevier.
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NEWBORN CLINICAL CHEMISTRY

Descriptive Statistics of Measured Variables in Samples Obtained 
From Cord and Venous Blood at 2 to 4 Hours of Life 

Cord Blood 2 to 4 Hour Blood

Mean 
± SD

Range  
of 
Values 95% CI

Mean ± 
SD

Range 
of 
Values 95% CI P Value

pH 7.35 ± 
0.05

7.19–
7.42

7.25–
7.45

7.36 ± 
0.04

7.27–
7.45

7.28–
7.44

NS

Pco2 40 ± 6 24.5–
56.7

28–52 43 ± 7 30–65 29–57 0.034

Hct (%) 48 ± 5 37–60 38–58 57 ± 5 42–67 47–67 <0.001

Hgb 
(g/L)

1.65 ± 
0.16

1.29–
2.06

1.33–
1.97

1.90 ± 
0.22

0.88–
2.3

1.46–
2.34

<0.001

Na+ 
(mmol/L)

138 ± 3 129–
144

132–
144

137 ± 3 130–
142

131–
143

NS

K+ 
(mmol/L)

5.3 ± 
1.3

3.4–9.9 2.7–7.9 5.2 ± 
0.5

4.4–6.4 4.2–6.2 NS

Cl– 
(mmol/L)

107 ± 4 100–
121

99–115 111 ± 5 105–
125

101–
121

0.002

ICa 
(mmol/L)

1.15 ± 
0.35

0.21–
1.5

0.4–
1.85

1.13 ± 
0.08

0.9–1.3 0.97–
1.29

NS

IMg 
(mmol/L)

0.28 ± 
0.06

0.09–
0.39

0.12–
0.4

0.30 ± 
0.05

0.23–
0.46

0.2–0.4 0.0005

Glucose 
(mmol/L)

4.16 ± 
1.05

0.16–
6.66

2.05–
6.27

3.50 ± 
0.67

5.11–
16.10

2.16–
4.82

Glucose  
(mg/dL)

75 ± 19 2.9–120 37–113 63 ± 12 29–92 39–87 0.0005

Lactate 
(mmol/L)

4.6 ± 
1.9

1.1–9.6 0.8–8.4 3.9 ± 1.5 1.6–9.8 0.9–6.9 0.033
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Descriptive Statistics of Measured Variables in Samples Obtained 
From Cord and From Venous Blood at 2 to 4 Hours of Life, 
 continued

Cord Blood 2 to 4 Hour Blood

Mean 
± SD

Range  
of 
Values 95% CI

Mean ± 
SD

Range 
of 
Values 95% CI P Value

BUN 
(mmol/L)

2.14 ± 
0.61

1.07–
3.57

0.93–
3.36

2.53 ± 
0.71

1.43–
4.28

1.11–
3.96

BUN  
(mg/dL)

6.0 ± 
1.7

3.0–
10.0

2.6–9.4 7.1 ± 
2.0

4–12 3.1–
11.1

0.0029 

Abbreviations: BUN, blood urea nitrogen; CI, confidence interval; Hct, hematocrit; Hgb, hemo-
globin; ICa, ionized calcium; IMg, ionized magnesium; Pco2, partial pressure of carbon dioxide.

Data were derived from Dollberg S, Bauer R, Lubetzky R, Mimouni FB. A reappraisal of neonatal 
blood chemistry reference ranges using the Nova M electrodes. Am J Perinatol. 2001;18(8):433–440. 
Reproduced with permission. Copyright © 2001 Thieme Publishers.
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COAGULATION TESTS

Healthy Full-term Infant During the First 6 Months of Life

Tests
Day 1 
(n)

Day 5 
(n)

Day 30 
(n)

Day 90 
(n)

Day 180 
(n)

Adult 
(n)

PT (s) 13.0 ± 1.43 
(61)a

12.4 ± 1.46 
(77)a,b

11.8 ± 1.25 
(67)a,b

11.9 ± 1.15 
(62)a

12.3 ± 0.79 
(47)a

12.4 ± 0.78 
(29)

aPTT (s) 42.9 ± 5.80  
(61)

42.6 ± 8.62 
(76)

40.4 ± 7.42 
(67)

37.1 ± 6.52 
(62)a

35.5 ± 3.71 
(47)a

33.5 ± 3.44 
(29)

TCT (s) 23.5 ± 2.38 
(58)a

23.1 ± 3.07 
(64)b

24.3 ± 2.44 
(53)a

25.1 ± 2.32 
(52)a

25.5 ± 2.86 
(41)a

25.0 ± 2.66 
(19)

Fibrinogen 
(g/L)

2.83 ± 0.58 
(61)a

3.12 ± 0.75 
(77)a

2.70 ± 0.54 
(67)a

2.43 ± 0.68 
(60)a,b

2.51 ± 0.68 
(47)a,b

2.78 ± 0.61 
(29)

II (U/mL) 0.48 ± 0.11 
(61)

0.63 ± 0.15 
(76)

0.68 ± 0.17 
(67)

0.75 ± 0.15 
(62)

0.88 ± 0.14 
(47)

1.08 ± 0.19 
(29)

V (U/mL) 0.72 ± 0.18 
(61)

0.95 ± 0.25 
(76)

0.98 ± 0.18 
(67)

0.90 ± 0.21 
(62)

0.91 ± 0.18 
(47)

1.06 ± 0.22 
(29)

VII (U/mL) 0.66 ± 0.19 
(60)

0.89 ± 0.27 
(75)

0.90 ± 0.24 
(67)

0.91 ± 0.26 
(62)

0.87 ± 0.20 
(47)

1.05 ± 0.19 
(29)

VIII (U/mL) 1.00 ± 0.39 
(60)a,b

0.88 ± 0.33 
(75)a,b

0.91 ± 0.33 
(67)a,b

0.79 ± 0.23 
(62)a,b

0.73 ± 0.18 
(47)b

0.99 ± 0.25 
(29)

vWF (U/mL) 1.53 ± 0.67 
(40)b

1.40 ± 0.57 
(43)b

1.28 ± 0.59 
(40)b

1.18 ± 0.44 
(40)b

1.07 ± 0.45 
(46)b

0.92 ± 0.33 
(29)b

IX (U/mL) 0.53 ± 0.19 
(59)

0.53 ± 0.19 
(75)

0.51 ± 0.15 
(67)

0.67 ± 0.23 
(62)

0.86 ± 0.25 
(47)

1.09 ± 0.27 
(29)

X (U/mL) 0.40 ± 0.14 
(60)

0.49 ± 0.15 
(76)

0.59 ± 0.14 
(67)

0.71 ± 0.18 
(62)

0.78 ± 0.20 
(47)

1.06 ± 0.23 
(29)

XI (U/mL) 0.38 ± 0.14 
(60)

0.55 ± 0.16 
(74)

0.53 ± 0.13 
(67)

0.69 ± 0.14 
(62)

0.86 ± 0.24 
(47)

0.97 ± 0.15 
(29)

XII (U/mL) 0.53 ± 0.20 
(60)

0.47 ± 0.18 
(75)

0.49 ± 0.16 
(67)

0.67 ± 0.21 
(62)

0.77 ± 0.19 
(47)

1.08 ± 0.28 
(29)

PK (U/mL) 0.37 ± 0.16 
(45)b

0.48 ± 0.14 
(51)

0.57 ± 0.17 
(48)

0.73 ± 0.16 
(46)

0.86 ± 0.15 
(43)

1.12 ± 0.25 
(29)

HMWK  
(U/mL)

0.54 ± 0.24 
(47)

0.74 ± 0.28 
(63)

0.77 ± 0.22 
(50)a

0.82 ± 0.32 
(46)a

0.82 ± 0.23 
(48)a

0.92 ± 0.22 
(29)

XIIIa (U/mL) 0.79 ± 0.26 
(44)

0.94 ± 0.25 
(49)a

0.93 ± 0.27 
(44)a

1.04 ± 0.34 
(44)a

1.04 ± 0.29 
(41)a

1.05 ± 0.25 
(29)b
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Tests
Day 1 
(n)

Day 5 
(n)

Day 30 
(n)

Day 90 
(n)

Day 180 
(n)

Adult 
(n)

XIIIb (U/mL) 0.76 ± 0.23 
(44)

1.06 ± 0.37 
(47)a

1.11 ± 0.36 
(45)a

1.16 ± 0.34 
(44)a

1.10 ± 0.30 
(41)a

0.97 ± 0.20 
(29)

Plasmino-
gen (CTA, 
U/mL)

1.95 ± 0.35 
(44)

2.17 ± 0.38 
(60)

1.98 ± 0.36 
(52)

2.48 ± 0.37 
(44)

3.01 ± 0.40 
(47)

3.36 ± 0.44 
(29)

Note: All factors except fibrinogen and plasminogen are expressed as units per milliliter, where 
pooled plasma contains 1.0 U/mL. Plasminogen units are those recommended by the Committee 
on Thrombolytic Agents (CTA). All values are expressed as mean ± 1 SD.

Abbreviations: aPTT, activated partial thromboplastin time; HMWK, high molecular–weight kinino-
gen; PK, prekallikrein; PT, prothrombin time; TCT, thrombin clotting time; vWF,  
von Willebrand factor.
a Values that do not differ statistically from the adult values.
b  These measurements are skewed because of a disproportionate number of high values. The lower 
limit that excludes the lower 2.5th percentile of the population has been given in the respective 
figures. The lower limit for factor VIII was 0.50 U/mL at all time points for the infant.

Data were derived from Andrew M, Paes B, Milner R, et al. Development of the human coagu-
lation system in the full-term infant. Blood. 1987;70(1):165. Copyright © 1987 American Society 
of Hematology.
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Inhibition of Coagulation in the Healthy Full-term Infant During 
the First 6 Months of Life

Inhibitors
Day 1 
(n)

Day 5 
(n)

Day 30 
(n)

Day 90 
(n)

Day 180 
(n)

Adult 
(n)

AT-III 0.63 ± 0.12 
(58)

0.67 ± 0.13 
(74)

0.78 ± 0.15 
(66)

0.97 ± 0.12 
(60)a

1.04 ± 0.10 
(56)a

1.05 ± 0.13 
(28)

a2-M 1.39 ± 0.22 
(54)

1.48 ± 0.25 
(73)

1.50 ± 0.22 
(61)

1.76 ± 0.25 
(55)

1.91 ± 0.21 
(55)

0.86 ± 0.17 
(29)

a2-AP 0.85 ± 0.15 
(55)

1.00 ± 0.15 
(75)a

1.00 ± 0.12 
(62)a

1.08 ± 0.16 
(55)a

1.11 ± 0.14 
(53)a

1.02 ± 0.17 
(29)

C1E-INH 0.72 ± 0.18 
(59)

0.90 ± 0.15 
(76)a

0.89 ± 0.21 
(63)

1.15 ± 0.22 
(55)

1.41 ± 0.26 
(55)

1.01 ± 0.15 
(29)

a3-AT 0.93 ± 0.22 
(57)a

0.89 ± 0.20 
(75)a

0.62 ± 0.13 
(61)

0.72 ± 0.15 
(56)

0.77 ± 0.15 
(55)

0.93 ± 0.19 
(29)

HCII 0.43 ± 0.25 
(56)

0.48 ± 0.24 
(72)

0.47 ± 0.20 
(58)

0.72 ± 0.37 
(58)

1.20 ± 0.35 
(55)

0.96 ± 0.15 
(29)

Protein C 0.35 ± 0.09 
(41)

0.42 ± 0.11 
(44)

0.43 ± 0.11 
(43)

0.54 ± 0.13 
(44)

0.59 ± 0.11 
(52)

0.96 ± 0.16 
(28)

Protein S 0.36 ± 0.12 
(40)

0.50 ± 0.14 
(48)

0.63 ± 0.15 
(41)

0.86 ± 0.16 
(46)a

0.87 ± 0.16 
(49)a

0.92 ± 0.16 
(29)

Note: All values are expressed in units per milliliter as the mean ± 1 SD.

aValues that do not differ statistically from the adult values.

Data were derived from Andrew M, Paes B, Milner R, et al. Development of the human coagu-
lation system in the full-term infant. Blood. 1987;70(1):165. Copyright © 1987 American Society 
of Hematology.
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Inhibition of Coagulation in Healthy Preterm Infants  
(30 to 36 Weeks’ Gestation) During the First 6 Months of Life
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91Reference Range Values

Healthy Children Aged 1 to 16 Years Compared With Adults

Age
1 to 5 y 6 to 10 y 11 to 16 y Adult

Coagulation 
Tests

Mean 
 (boundary)

Mean 
 (boundary)

Mean 
 (boundary)

Mean 
 (boundary)

PT (s) 11 (10.6–11.4) 11.1 (10.1–12.1) 11.2 (10.2,12.0) 12 (11.0–14.0)

INR 1.0 (0.96–1.04) 1.01 (0.91–1.11) 1.02 (0.93–1.10) 1.10 (1.0–1.3)

APTI (s) 30 (24–36) 31 (26–36) 32 (26–37) 33 (27–40)

Fibrinogen (g/L) 2.76 (1.70–4.05) 2.79 (1.57–4.0) 3.0 (1.54–4.48) 2.78 (1.56–4.0)

Bleeding time 
(min)

6 (2.5–10)a 7 (2.5–13)a 5 (3–8)a 4(1–7)

II (U/mL) 0.94 (0.71–1.16)a  0.88 (0.67–1.07)a 0.83 (0.61–1.04)a 1.08 (0.70–1.46)

V (U/mL) 1.03 (0.79–1.27) 0.90 (0.63–1.16)a Q.77 (0,55–0.99) 1.06 (0.62–1.50)

VII (U/mL) 0.82 (0.55–1.16)a 0.85 (0.52–1.20)a 0.83 (0.58–1.15)a 1.05 (0.67–1.43)

VIII (U/mL) 0.90 (0.59–1.42) 0.95 (0.58–1.32) 0.92 (0.53–1.31) 0.99 (0.50–1.49)

vWF (U/mL) 0.82 (0.60–1.20) 0.95 (0.44–1.44) 1.00 (0.46–1.53) 0.92 (0.50–1.58)

IX (U/mL) 0.73 (0.47–1.04)a 0.75 (0.63–0.89)a 0.82 (0.59–1.22)a 1.09 (0.55–1.63)

X (U/mL) 0.88 (0.58–1.16)a 0.75 (0.55–1.01)a 0.79 (0.50–1.17)a 1.06 (0.70–1.52)

XI (U/mL) 0.97 (0.56–1.50) 0.86 (0.52–1.20) 0.74 (0.50–0.97)a 0.97 (0.67–1.27)

XII (U/mL) 0.93 (0.64–1.29) 0.92 (0.60–1.40) 0.81 (0.34–1.37)a 1.08 (0.52–1.64)

PK (U/mL) 0.95 (0.65–1.30) 0.99 (0.66–1.31) 0.99 (0.53–1.45) 1.12 (0.62–1.62)

HMWK (U/mL) 0.98 (0.64–1.32) 0.93 (0.60–1.30) 0.91 (0.63–1.19) 0.92 (0.50–1.36)

Xllla (U/mL) 1.08 (0.72–1.43)a 1.09 (0.65–1.51)a 0.99 (0.57–1.40) 1.05 (0.55–1.55)

Xllls (U/mL) 1.13 (0.69–1.56)a 1.16 (0.77–1.54)a 1.02 (0.60–1.43) 0.97 (0.57–1.37)

Note: All factors except fibrinogen are expressed as units per milliliter, where pooled plasma 
contains 1.0 U/mL. All data are expressed as the mean, followed by the upper and lower boundary 
encompassing 95% of the population. Between 20 and 50 samples were assayed for each value 
for each age group. Some measurements were skewed due to a disproportionate number of high 
values. The lower limit, which excludes the lower 2.5% of the population, is given.

Abbreviations: APTT, activated partial thromboplastin time; HMWK, high molecular weight 
 kininogen; PK, prekallikrein; PT, prothrombin time; VIII, factor VIII procoagulant; vWF, von 
Willebrand factor.
aValues that are significantly different from adults.

From Andrew M, Vegh P, Johnston M, Bowker J, Ofosu F, Mitchell L. Maturation of the hemostatic 
system during childhood. Blood. 1992;80(8):1998–2005. Copyright © 1992 American Society of 
Hematology.
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Inhibition of Coagulation in Healthy Children Aged 1 to 16 Years 
Compared With Adults

Age
1 to 5 y 6 to 10 y 11 to 16 y Adult

Coagulation 
Inhibitors

Mean 
 (boundary)

Mean 
 (boundary)

Mean 
 (boundary)

Mean 
 (boundary)

ATIII (U/mL) 1.11 (0.82–1.39) 1.11 (0.90–1.31) 1.05 (0.77–1.32) 1.0 (0.74–1.26)

a2M (U/mL) 1.69 (1.14–2.23)a 1.69 (1.28–2.09)a 1.56 (0.98–2.12)a 0.86 (0.52–1.20)

C,-lnh (U/mL) 1.35 (0.85–1.83)a 1.14 (0.88–1.54) 1.03 (0.68–1.50) 1.0 (0.71–1.31)

a1AT (U/mL) 0.93 (0.39–1.47) 1.00 (0.69–1.30) 1.01 (0.65–1.37) 0.93 (0.55–1.30)

HCII (U/mL) 0.88 (0.48–1.28)a 0.86 (0.40–1.32)a 0.91 (0.53–1.29)a 1.08 (0.66–1.26)

Protein C  
(U/mL)

0.66 (0.40–0.92)a 0.69 (0.45–0.93)a 0.83 (0.55–1.11)a 0.96 (0.64–1.28)

Protein S

 Total (U/mL) 0.86 (0.54–1.18) 0.78 (0.41–1.14) 0.72 (0.52–0.92) 0.81 (0.60–1.13)

 Free (U/mL) 0.45 (0.21–0.69) 0.42 (0.22–0.62) 0.38 (0.26–0.55) 0.45 (0.27–0.61)

Note: All values are expressed in units per milliliter, where for all factors pooled plasma contains  
1.0 U/mL, with the exception of free protein S, which contains a mean of 0.4 U/ml. All values  
are given as a mean, followed by the lower and upper boundary  encompassing  95% of the 
population. Between 20 and 30 samples were assayed for each value for each age group. Some 
 measurements were skewed due to a disproportionate number of high values. The lower limits, 
which exclude the lower 2.5% of the population, are given.
aValues that are significantly different from adults.

From Andrew M, Vegh P, Johnston M, Bowker J, Ofosu F, Mitchell L. Maturation of the hemostatic 
system during childhood. Blood. 1992;80(8):1998–2005. Copyright © 1992 American Society of 
Hematology.
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Fibrinolytic System in Healthy Children Aged 1 to 16 Years 
 Compared With Adults

Age
1 to 5 y 6 to 10 y 11 to 16 y Adult

Mean 
 (boundary)

Mean  
(boundary)

Mean  
(boundary)

Mean 
 (boundary)

Plasminogen  
(U/mL)

0.98 (0.78–1.18) 0.92 (0.75–1.08) 0.86 (0.68–1.03)a 0.99 (0.77–1.22)

TPA (ng/mL) 2.15 (1.0–4.5)a 2.42 (1.0–5.0)a 2.16 (1.0–4.0)a 4.90 (1.40–8.40)

a2AP (U/mL) 1.05 (0.93–1.17) 0.99 (0.89–1.10) 0.98 (0.78–1.18) 1.02 (0.68–1.36)

PAI (U/mL) 5.42 (1.0–10.0) 6.79 (2.0–12.0)a 6.07 (2.0–10.0)a 3.60 (0–11.0)

Note: For a2AP, values are expressed as units per milliliter, where pooled plasma contains 1.0 U/
ml. Values for TPA are given as nanograms per milliliter. Values for PAI are given as U/ml, where 1 
U of PAI activity is defined as the amount of PAI that inhibits 1 IU of human single-chain TPA. All 
values are given as the mean, followed by the lower and upper boundary encompassing 95% of the 
population (boundary).
aValues that are significantly different from adults.

From Andrew M, Vegh P, Johnston M, Bowker J, Ofosu F, Mitchell L. Maturation of the hemostatic 
system during childhood. Blood. 1992;80(8):1998–-2005. Copyright © 1992 American Society of 
Hematology.
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THYROID FUNCTION TESTS

Very Low Birth Weight Infants

Postnatal 
days

Screening T4 Levels by Birth Weight and Postnatal Age (mcg/dL)

VLBW
(<1500 g)

LBW
(<2500 g) Term

1–3 7.9 ± 3.3 11.4 ± 2.5 12 ± 1.9

4–6 6.5 ± 2.9 9.9 ± 2.5 11 ± 2.5

7–10 6.3 ± 3.0 9.5 ± 2.3

11–14 5.7 ± 2.8 9.2 ± 2.1

15–18 7.0 ± 2.5 9.1 ± 2.3

29–56 7.8 ± 2.5 9.3 ± 3.3

Abbreviations: LBW, low birth weight; T4, thyroxine; VLBW, very low birth weight. Data expressed 
as ± SD.

From Frank JE, Faix JE, Hermos RJ, et al. Thyroid function in very low birth weight infants: effects 
on neonatal hypothyroidism screening. J Pediatr. 1996;128(4):548. Reproduced with permission. 
Copyright © 1996 Elsevier.

Preterm Infants

Gestational Age Free T4 (ng/dL)
Thyroid-Stimulating 
Hormone (mcU/mL)

25–27 wk 0.6–2.2 0.2–30.3

28–30 wk 0.6–3.4 0.2–20.6

31–33 wk 1.0–3.8 0.7–27.9

34–36 wk 1.2–4.4 1.2–21.6

Term 37–42 wk 2.0–5.3 1.0–39

PCA Concentrations after the first week of lifea

Preterm 28–40 wk 0.8–2.6 0.8–12.0

Term 42–60 wk 0.9–2.3 1.7–9.1

Abbreviations: PCA, postconceptional age (gestational age + postnatal age); T4, thyroxine.
a  Clark SJ, Deming DD, Emery JR, Adams LM, Carlton EI, Nelson JC. Reference ranges for thyroid 
function tests in premature infants beyond the first week of life. J Perinatol. 2001;21(8):531–536. 

From Adams LM, Emery JR, Clark SJ, et al. Reference ranges for newer thyroid function tests in 
premature infants. J Pediatr. 1995;126(1):122. Reproduced with permission. Copyright © 1995 
Elsevier.
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Infants, Children, and Adults

Age
Thyroxine  
(mcg/dL)

Free 
Thyroxine 
(ng/dL)

Triiodo-
thyronine 
(ng/dL)

Free 
Triiodo-
thyronine  
(ng/dL)

Thyroxine-
Binding 
Globulin  
(mg/dL)

Thyroid- 
Stimulating  
Hormone  
(mcU/mL)

Cord 
blood

6.6–17.5 1.03–1.73 14–86 0.09–0.36 0.7–4.7 <2.5–17.4

1–3 d 11.0–21.5 0.6–2.0  
(1–10 d)

100–380 0.17–0.57a <2.5–13.3

1–4 wk 8.2–16.6 0.7–1.7  
(>10 days)

 99–310 0.17–0.65a 0.5–4.5 0.6–10.0

1–12 
mo

7.2–15.6 0.8–1.8  
(5–24 mo)b

102–264 0.24–0.65a 1.6–3.6 0.6–6.3

1–5 y 7.3–15 1.0–2.1  
(2–7 y)b

105–269 0.29–0.8a 1.3–2.8 0.6–6.3

6–10 y 6.4–13.3 0.8–1.9  
(8–20 y)b

94–241 0.34–0.72a 1.4–2.6

11–15 
y

5.6–11.7 0.59–2.45c 83–213 0.37–0.7a 1.4–2.6 0.6–6.3

16–20 
y

4.2–11.8 0.54–2.23c 80–210 0.42–0.68  
(16–18 y) a

1.4–2.6 0.2–7.6

21–45 
y

4.3–12.5 0.9–2.5 70–204 1.2–2.4 0.2–7.6

a  Soldin SJ, Morales A, Albalos F, Albalos F, Lenherr S, Rifai N. Pediatric reference ranges on the 
Abbott Imx for FSH, LH, prolactin, TSH, T4, T3, free T4, free T3, T-uptake, IgE and ferritin. Clin 
Biochem. 1995;28(6):603–606.

b  Nelson JC, Clark SJ, Borut DL, Tomei RT, Carlton EI. Age-related changes in serum free thyroxine 
during childhood and adolescence. J Pediatr. 1993;123(6):899–905.

c  Zurakowski D, DiCanzio J, Majzoub JA. Pediatric reference intervals for serum thyroxine, triiodo-
thyronine, thyrotropin and free thyroxine. Clin Chem. 1999;45(7):1087–1091.

THYROID FUNCTION TESTS, continued
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ENDOCRINE LABORATORY VALUES

Growth Hormone Values
In children: Spontaneous growth hormone secretion is pulsatile and 
unpredictable throughout the day with more peaks overnight in 
children who have an established diurnal rhythm. Therefore, random 
growth hormone values are generally not helpful. 
 Stimulated growth hormone values (arginine, insulin-induced hypo-
glycemia, levodopa, or clonidine) are often useful, and growth hor-
mone deficiency can be ruled out with a value of >10 ng/mL or µg/L. 

 In neonates: A growth hormone level should always be measured 
in the presence of neonatal hypoglycemia in the absence of a meta-
bolic disorder. A random growth hormone measurement in a poly-
clonal radioimmunoassay of less than 20 µg/L would suggest growth 
hormone deficiency.
 These values may differ according to the method used by the labora-
tory. Please refer to your local laboratory values when interpreting test 
results.

Reference
Growth Hormone Research Society. Consensus guidelines for the diagnosis and treatment of 
growth hormone (GH) deficiency in childhood and adolescence: summary statement of the 
GH Research Society. GH Research Society. J Clin Endocrinol Metab. 2000;85(11):3990–3993

8 am Cortisol Levels

Interpretation Cortisol (mcg/dL)
Suggestive of adrenal insufficiency <5 mcg/dL

Indeterminate 5 –14 mcg/dL

Adrenal insufficiency unlikely >14 mcg/dL

Note: Post ACTH stimulation test Cortisol level of 16  to 36 mcg/dL is reassuring. 

From Arcara KM, Tschudy MM, eds. The Harriet Lane Handbook. 19th ed. St Louis, MO: Mosby; 2012. 
 Reproduced with permission. Copyright © 2012 Elsevier.
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Serum 17 Hydroxyprogesterone

Age Baseline (ng/dL)
60-Min Post-ACTH 
Stimulation (ng/dL)

Term infants (3 d) ≤420

1–12 mo 11–170 85 – 465

1–5 y 4 –115 50 –350

6 –12 y 7– 69 75 –220

Males, Tanner II-III 12–130 69 –310

Females, Tanner II-III 18 –220 80–420

Male, Tanner IV-V 51–190 105–230

Females, Tanner IV-V 36 –200 80 –225

Male (18 –30 y) 32–307

Adult Female 
 Follicular phase 
 Midcycle phase 
 Luteal phase

 
≤185 
≤225 
≤285

Abbreviation: ACTH, adrenocorticotropic hormone.

Note: 8 am level is most accurate given diurnal variation. Levels are normally increased in 
newborns for the first few days of life. Be aware that infant serum contains substances that may 
cross-react in the assay for 17-hydroxyprogesterone and artificially elevate the level, unless they are 
separated by chromatography. Before interpreting results on infants, be sure that the laboratory 
has prepared samples appropriately.

For preterm infants or infants born small for gestational age, see: Olgemöller et al. Screening 
for congenital adrenal hyperplasia: adjustment of 17-hydroxyprogesterone cut-off values to both 
age and birth weight markedly improves the predictive value. J Clin Endocrinol Metab. 2003;88: 
5790–5794.

From Arcara KM, Tschudy MM, eds. The Harriet Lane Handbook. 19th ed. St Louis, MO: Mosby; 2012. 
 Reproduced with permission. Copyright © 2012 Elsevier.

ENDOCRINE LABORATORY VALUES, continued
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6. Hyperbilirubinemia Management

RISK NOMOGRAM

Nomogram for designation of risk in 2840 well newborns at 36 or more weeks’ gestational age  
with birth weight of 2000 g or more or 35 or more weeks’ gestational age and birth weight of  
2500 g or more based on the hour-specific serum bilirubin values.

From Bhutani VK, Johnson L, Sivieri EM. Predictive ability of a predischarge hour-specific serum 
bilirubin for subsequent significant hyperbilirubinemia in healthy term and near-term newborns. 
Pediatrics. 1999;103(1):6–14.
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PHOTOTHERAPY NOMOGRAM

Guidelines for phototherapy in hospitalized infants of 35 or more weeks’ gestation.

From American Academy of Pediatrics Subcommittee on Hyperbilirubinemia. Management 
of  hyperbilirubinemia in the newborn infant 35 or more weeks of gestation. Pediatrics. 2004; 
114(1):297–316.
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EXCHANGE TRANSFUSION NOMOGRAM

Guidelines for exchange transfusion in infants 35 or more weeks’ gestation.

From American Academy of Pediatrics Subcommittee on Hyperbilirubinemia.  Management 
of  hyperbilirubinemia in the newborn infant 35 or more weeks of gestation. Pediatrics. 
2004;114(1):297–316.
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7. Rate and Gap Calculations

GLUCOSE INFUSION RATE
The glucose infusion rate (GIR) can be calculated using the 
following formula: 

GIR = IV Rate (mL/h) × Dextrose Concentration (g/dL) × 0.167
 Weight (kg) 

• A GIR of 5 to 8 mg/kg/min is typical.
• The maximal GIR needed to optimize nutrition is 14 mg/kg/min.

CALCULATED SERUM OSMOLALITY 
The serum osmolality can be calculated using the following formula:

(2 × serum [Na]) + [glucose, in mg/dL]/18 + [blood urea nitrogen,  
in mg/dL]/2.8

• Reference Range Value: 275 to 295 mOsm/L 

Osmolal Gap = Measured Osmolality by Laboratory − Calculated 
Osmolality

• Gap should be less than 10 mOsm.

ANION GAP 
The anion gap is the difference between the positive ions in the serum 
(sodium − Na) and the negative ions (chloride [CI] and bicarbonate 
[HCO3

-]. It can be calculated using the following formula:

Anion Gap: Na − (HCO3
- + CI)

• Normal Anion Gap = 8 to 12 mEq/L.This varies according to local 
 laboratories. Please check your specific lab because new analyzers 
 produce higher chloride levels. 

• Elevated Anion Gap is greater than 14 mEq/L in children.
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8. Nutrition, Formula Preparation, and 
Caloric Counts

PREPARATION OF INFANT FORMULA FOR STANDARD AND 
SOY  FORMULASa

Formula Type
Caloric Concentration 
(kcal/oz)

Amount of 
Formula

Water  
(oz)

Liquid concentrates  
(40 kcal/oz)

20 13 oz  13

24 13 oz  8.5

27 13 oz  6.3

30 13 oz  4.3

Powder  
(44 kcal/scoop)

20 1 scoop  2

24 3 scoops  5

27 3 scoops  4.25

30 3 scoops  4

a Does not apply to Enfacare LIPIL, Neocate Infant, Neosure Advance, EleCare;  Enfamil AR should 
not be concentrated greater than 24 kcal/oz. Use a packed measure for  Nutramigen LIPIL and 
Pregestimil LIPIL and unpacked powder for all others.

Adapted from Arcara KM, Tschudy MM, eds. The Harriet Lane Handbook. 19th ed. St Louis, MO: 
 Mosby; 2012. Reproduced with permission. Copyright © 2012 Elsevier.
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COMMON CALORIC SUPPLEMENTSa

Component Calories
Protein Resource Beneprotein

(powder)
25 kcal/scoop (6 g protein)

ProSource Protein Powder 30 kcal/scoop (6 g protein)

Complete Amino Acid Mix 3.28 kcal/g (0.82 g protein)

Carbohydrate Polycose Powder: 3.8 kcal/g, 8 kcal/5 mLl

Fat MCT oilb 7.7 kcal/mL

Vegetable oil 8.3 kcal/mL

Microlipid 4.5 kcal/mL

Fat and Carbo-
hydrate

Duocal 42 kcal/15 mL; 25 kcal/scoop (59%
carbohydrates, 41% fat; 35% fat as
MCT oil)

Abbreviations: MCT, medium-chain triglyceride.
a Use these caloric supplements when you want to increase protein or when you have reached the 
maximum concentration tolerated and wish to further increase caloric density.

b MCT oil is unnecessary unless there is fat malabsorption.

From Arcara KM, Tschudy MM, eds. The Harriet Lane Handbook. 19th ed. St Louis, MO: Mosby; 
2012.
Reproduced with permission. Copyright © 2012 Elsevier.

ENTERAL FORMULAS, INCLUDING THEIR MAIN NUTRIENT 
 COMPONENTS

Kcal/
oz

Protein 
(g)

Fat  
(g)

Carbs  
(g)

Na  
(mEq)

K  
(mEq)

Ca  
(mg)

P  
(mg)

Fe  
(mg)

Osmo-
lality

A. INFANTS

Human Milk

Term 20 11 39 72 8 14 279 143 0.3 286

Preterm 20 14 39 66 11 15 248 128 1.2 290

Human Milk and Fortifiers Analysis

EnfamiI HMF+  
preterm human 
milk (1 pkt/25 mL)

24 26 49 70 18 23 1148 628 15.6 325

SimiIac HMF+ 
preterm human 
milk (1 pkt/25 mL)

24 23 41 82 17 30 1381 777 4.6 N/A
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Kcal/
oz

Protein 
(g)

Fat  
(g)

Carbs  
(g)

Na  
(mEq)

K  
(mEq)

Ca  
(mg)

P  
(mg)

Fe  
(mg)

Osmo-
lality

A. INFANTS, continued

Preterm Formulas

Enfamil Premature 
LIPIL

20 20 34 74 17 17 1100 553 3.4 240

Good Start 
Premature 24

24 24 42 84 19 25 1312 680 14.4 275

NeoSure 22 21 41 75 11 27 781 461 13.4 250

EnfaCare LIPIL 22 21 39 77 11 20 890 490 13.3 260

Similac Special 
Care 20

20 20 37 70 13 22 1217 676 12.2 235

Similac Special 
Care 24 High 
Protein

24 27 44 81 15 27 1461 811 14.6 280

Similac Special 
Care 30

30 30 67 78 19 34 1826 1014 18.3 325

Cow’s Milk-Based Formulas

Enfamil Premium 
Lipil

20 14 36 74 8 19 520 287 12 360

Enfamil LIPIL 20 14 36 73 8 19 520 287 12 300

Enfamil AR LIPIL 20 17 34 74 12 19 520 353 12 230 
(240*)

Enfamil LactoFree 
LIPIL

20 14 36 73 9 19 547 307 12 200

Enfamil Restfull 20 17 34 74 12 19 520 353 12 230

Enfagrow 
 Premium 
 NextStep

20 18 36 70 10 23 1300 867 13.4 270

Evaporated Milk 
(13 oz + 19 oz 
water + 30 mL 
corn syrup)

20 27 31 72 21 32 1066 832 0.8 N/A

Organic Milk-
Based Infant 
Formula

20 15 36 71 7 15 420 280 12 294

Parent’s Choice 
Store Brand (also 
w/ARA/DHA)

20 14 36 72 8 19 520 287 12 295

*Liquid formulation
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Kcal/
oz

Protein 
(g)

Fat  
(g)

Carbs  
(g)

Na  
(mEq)

K  
(mEq)

Ca  
(mg)

P  
(mg)

Fe  
(mg)

Osmo-
lality

A. INFANTS, continued

Cow’s Milk-Based Formulas, continued

Similac Advance 
Early Shield

20 14 37 76 7 18 528 284 12 310

Similac Go & 
Grow Milk-Based 
Formula

20 14 37 72 7 18 1014 548 13.5 300

Similac Sensitive 20 14 37 72 9 19 568 379 12.2 200

Similac Organic 20 14 37 71 7 18 528 284 12.2 225

Similac PM 60/40 20 15 38 69 7 14 379 189 4.7 280

Similac Sensitive 
RS

20 14 37 72 9 19 568 379 12.2 180

Soy-Based Formulas

Good Start 2 Soy  
PLUS

20 19 34 73 12 20 1273 710 13.4 175

Good Start Soy 
PLUS

20 17 34 75 12 20 704 422 12.1 180

America’s Store 
Brand Soy (also 
w/ARA/DHA)

20 17 36 68 11 21 700 460 12 164

SimilacGo & 
Grow Soy-Based 
Formula

20 17 37 70 13 19 1014 676 13.5 200

Isomil Advance 20 17 37 70 13 19 710 507 12.2 200

lsomilDF 20 18 37 68 13 19 710 507 12.2 240

Enfagrow Soy 
NextStep  

20 22 30 79 11 21 1300 867 13.3 230

Enfamil Pro-
SobeeLIPIL

20 17 36 71 11 21 700 460 12 170

Casein, Extensively Hydrolyzed

Alimentum 20 19 37 69 13 20 710 507 12.2 370

Nutramigen LIPIL 20 19 36 69 14 19 627 347 12 300 
(320*)

*Liquid formulation

ENTERAL FORMULAS, INCLUDING THEIR MAIN NUTRIENT 
 COMPONENTS, continued
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Kcal/
oz

Protein 
(g)

Fat  
(g)

Carbs  
(g)

Na  
(mEq)

K  
(mEq)

Ca  
(mg)

P  
(mg)

Fe  
(mg)

Osmo-
lality

A. INFANTS, continued

Casein, Extensively Hydrolyzed, continued

Nutramigen with 
Enflora LGG

20 19 36 69 14 19 627 347 12 300

Pregestimil LiPiL 20 19 38 69 14 19 640 350 12.2 250

Whey, Partially Hydrolyzed

Good Start 
Gentle PLUS

20 15 34 78 8 19 449 255 10.1 250

Good Start 
Protect PLUS

20 15 34 75 8 19 449 255 10.1 250

Good Start 2 
Gentle PLUS

20 15 24 78 8 19 1273 710 13.4 180

Good Start 2 
Protect PLUS

20 15 34 75 8 19 1273 710 13.4 250

Whey and Casein, Partially Hydrolyzed

Enfamil  
Gentlease

20 15 36 72 10 19 547 307 12 230

Amino Acid-Based Formulas

EleCare (also w/
DHA/ARA)

20 20 32 72 13 26 780 568 10 350

Neocate Infant 
(also w/
DHAIARA)

20 21 30 78 11 27 830 624 12.4 375

Nutramigen AA 
LIPIL

20 19 36 69 14 19 627 347 12 350

Specialized Formulas

3232A 20 19 28 89 13 19 627 420 12.5 250

RCF 20 20 36 68 13 19 710 507 12.2 168

Enfaport LIPIL 30 35 54 102 13 29 940 520 18 280
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ENTERAL FORMULAS, INCLUDING THEIR MAIN NUTRIENT 
 COMPONENTS, continued

Kcal/
oz

Protein 
(g)

Fat  
(g)

Carbs  
(g)

Na  
(mEq)

K  
(mEq)

Ca  
(mg)

P  
(mg)

Fe  
(mg)

Osmo-
lality

B. TODDLERS AND YOUNG CHILDREN AGES 1–10 YEARS

Cow’s Milk-Based Formulas

Boost Kid 
Essentials

30 30 38 135 24 30 1181 886 14 550/ 
600/ 
570

Boost Kid Essen-
tials 1.5 (w/fiber)

45 42 75 165 30 33 1300 990 14 390 
(405)

Carnation Instant 
Breakfast Lactose 
Free

30 35 37 133 38 32 500 1018 9 480/
490

Carnation Instant 
Breakfast Lactose 
Free Plus

45 52 48 176 51 48 748 748 13.6 620

Carnation Instant 
Breakfast Lactose 
Free VHC

68 90 123 197 51 46 1232 1232 22.4 950

Carnation 
Instant Breakfast 
 Essentials

24 43 16 105 24 27 1539 1539 13.8 N/A

Compleat 
Pediatric

30 38 39 126 33 42 1440 1000 13.2 380

Cow’s milk, 2% 15 35 20 50 22 41 1258 979 0.5 N/A

Cow’s milk, whole 19 34 34 48 22 40 1226 956 0.5 285

Ketocal 3:1 30 22 97 10 18 35 1140 801 16 180

KetoCal 4:1 43 30 144 6 26 55 1600 1300 22 197

Kindercal TF 
Vanilla

32 30 44 135 16 34 1010 850 10.6 345

Monogen 30 27 28 163 21 22 617 480 10.1 370

NutrenJunior  
with Fiber

30 30 50 110 20 34 1000 800 14 350

PediaSure Enteral 
(w/fiber)

30 30 40 133 17 34 972 845 14 335 
(345)

PediaSure 1.5 
with Fiber

45 59 69 160 
(165)

17 42 1476 1054 11 379 
(390)

PediaSure Vanilla 30 30 38 131 17 34 972 845 14 480
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Kcal/
oz

Protein 
(g)

Fat  
(g)

Carbs  
(g)

Na  
(mEq)

K  
(mEq)

Ca  
(mg)

P  
(mg)

Fe  
(mg)

Osmo-
lality

B. TODDLERS AND YOUNG CHILDREN AGES 1–10 YEARS, continued

Cow’s Milk-Based Formulas, continued

PediaSure with 
Fiber Vanilla

30 30 38 135 17 34 972 845 14 480

Portagen 30 32 44 104 22 29 850 642 17 350

Soy-Based Formulas

Bright Beginnings 
Soy Pediatric 
Drink

30 30 50 109 17 40 970 800 14 350

Semi-Elemental, Hydrolyzed

Peptamen Junior 
1.5

45 45 68 180 30 35 1652 1352 20.8 450

Peptamen Junior 
Fiber

30 30 39 137 20 34 1000 800 14 365

Peptamen Junior 
with Prebio

30 30 39 137 20 34 1000 800 14 365

Peptamen Junior, 
Unflavored  
(w/fiber)

30 30 39 138 20 34 1000 800 14 260 
(390)

Vital Junior 30 30 41 134 31 35 1055 844 13.9 390

Soy and Pork, Hydrolyzed

Pepdite Junior, 
unflavored

30 31 50 106 18 35 1130 940 14 430

Amino Acid-Based Formulas

EleCare 
 (Unflavored and 
Vanilla)

30 31 49 109 20 39 1172 852 15 560

E028 Splash 30 25 35 146 9 24 620 620 7.7 820

NeocateJunior
Flavored

30 35 47 110 19 36 1200 738 16 690

Neocate Junior 
Unflavored

30 33 50 104 18 35 1130 697 15 590

Vivonex Pediatric 24 24 24 130 17 31 970 800 10 360



114 Reference Range Values for Pediatric Care

Kcal/
oz

Protein 
(g)

Fat  
(g)

Carbs  
(g)

Na  
(mEq)

K  
(mEq)

Ca  
(mg)

P  
(mg)

Fe  
(mg)

Osmo-
lality

C. OLDER CHILDREN AND ADULTS

Cow’s Milk-Based Formulas

Boost 30 40 17 171 24 43 1250 1250 19 625

Boost High 
Protein

30 63 25 138 31 41 1459 1250 19 650

Boost Diabetic 32 59 50 84 48 29 1160 928 15 400

Boost High 
Protein

30 63 25 138 31 41 1459 1250 19 650

Boost Plus 45 59 59 188 31 41 1459 1250 19 670

Compleat 32 48 40 128 43 44 760 760 14 340

Crucial 45 94 68 134 51 48 1000 1000 18 490

Enlive 31 37 0 217 8 5 208 1166 11 825

Ensure 32 38 25 173 37 40 1266 1055 19 620

Ensure Plus 45 55 212 47 41 45 1266 2166 19 680

Glucerna 1.0 Cal 30 42 54 96 41 40 705 705 13 355

Jevity 1 Cal 32 44 35 155 40 40 910 760 14 300

Jevity 1.2 Cal 36 56 39 169 59 47 1200 1200 18 450

Jevity1.5 Cal 45 64 50 216 61 55 1200 1200 18 525

Nepro 53 81 96 167 46 27 1060 700 19 585

Novasource Renal 60 74 100 200 39 21 1300 650 18 700/ 
960

Nutren 1.0 vanilla 
(w/fiber)

30 40 38 127 38 32 668 668 12 370 
(410)

Nutren 1.5 
 unflavored

45 60 68 169 51 48 1000 1000 18 430

Nutren 2.0 60 80 104 196 57 49 1340 1340 24 745

Optimental 30 51 28 139 49 44 1055 1055 13 585

Osmolite 1 Cal 32 44 35 144 40 40 760 760 14 300

Osmolite 1.2 Cal 36 56 39 158 58 46 1200 1200 18 360

Osmolite 1.5 Cal 45 63 49 204 61 46 1000 1000 18 525

Promote (w/fiber) 30 63 26 130 44 51 1200 1200 18 340 
(380)

Pulmocare 45 63 93 106 57 50 1060 1060 19 475

Renalcal 60 35 83 291 0 0 0 0 0 600

ENTERAL FORMULAS, INCLUDING THEIR MAIN NUTRIENT 
 COMPONENTS, continued
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Kcal/
oz

Protein 
(g)

Fat  
(g)

Carbs  
(g)

Na  
(mEq)

K  
(mEq)

Ca  
(mg)

P  
(mg)

Fe  
(mg)

Osmo-
lality

C. OLDER CHILDREN AND ADULTS, continued

Cow’s Milk-Based Formulas, continued

Replete, 
 Unflavored

30 63 34 113 38 39 1000 1000 18 300/ 
350

Resource 2.0 60 84 88 217 35 39 1042 1042 18.8 790

Resource Breeze 32 38 0 230 15 1 42 633 11 750

Suplena 54 45 96 205 35 29 1055 717 19 600

TwoCal HN 60 84 91 219 64 63 1050 1050 19 725

Soy-Based Formulas

Fibersource HN 36 53 39 160 52 51 1000 1000 17 490

Isosource 1.5 Cal 45 68 65 170 56 58 1070 1070 19 650/ 
585

lsosource HN 36 53 39 160 48 49 1200 1200 15 490

Semi-Elemental Hydrolyzed

Peptamen, 
 Unflavored

30 40 39 127 25 39 800 700 18 270

Peptamen with 
Prebio

30 40 39 127 25 39 800 700 18 300

Peptamen 1.5, 
Unflavored

45 68 56 188 45 48 1000 1000 27 550

Peptamen AF 36 76 55 107 35 41 800 800 14.4 390

Perative 39 67 37 180 45 44 870 870 16 460

Pivot 1.5 45 94 51 172 61 51 1000 1000 18 595

Vital 1.0 Cal 30 40 38 130 46 36 705 705 13 390

Vital HN 30 42 11 185 25 36 667 667 12 500

Amino Acid-Based Formulas

Tolerex 30 21 1.5 230 20 30 560 560 10 550

Vivonex RTF 30 50 12 175 29 31 670 670 12 630

Vivonex Plus 30 7 67 190 27 27 560 560 10 650

VivonexT.E.N. 30 38 3 210 26 24 500 500 9 630

From Arcara KM, Tschudy MM, eds.. The Harriet Lane Handbook. 19th ed. St Louis, MO: Mosby; 
2012.  Reproduced with permission. Copyright © 2012 Elsevier.
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Solution
Glucose/
CHO, g/L

Sodium, 
mEq/L

HCO3
–, 

mEq/L
Potassium 

mEq/L
Osmolality, 

mmol/L
CHO/

Sodium

Pedialyte (Abbott Laboratories, 
Columbus, OH)

25 45 30 20 250 3.1

Pediatric Electrolyte (Pendo-
Pharm, Montreal, Quebec)

25 45 20 30 250 3.1

Kaolectrolyte (Pfizer, New 
York, NY)

20 48 28 20 240 2.4

Rehydralyte (Abbott Laborato-
ries, Columbus, OH)

25 75 30 20 310 1.9

WHO ORS, 2002 (reduced 
osmolarity)

75 75 10b 30 224 1.0

WHO ORS, 1975, (original 
formulation)

111 90 10b 20 311 1.2

Colaa 126 2 13 0.1 750 1944

Apple juicea 125 3 0 32 730 1278

Gatoradea (Gatorade,  
Chicago, IL)

45 20 3 3 330 62.5

Abbreviations: CHO indicates carbohydrate; HCO3
–, bicarbonate; WHO, World Health Organization.

a  Cola, juice, and Gatorade are shown for comparison only; they are not recommended for use. 
Mainly for maintenance therapy; may be used for rehydration therapy in mildly dehydrated patients.

b Citrate.

From Kleinman RE, ed. Pediatric Nutrition Handbook. Elk Grove Village, IL: American Academy of Pediatrics; 2009.

COMPOSITION OF FLUIDS FREQUENTLY USED IN 
ORAL  REHYDRATIONa



117Nutrition, Formula Preparation, and Caloric Counts

DIETARY REFERENCE INTAKES: RECOMMENDED INTAKES 
FOR  INDIVIDUALS, FOOD AND NUTRITION BOARD, INSTITUTE 
OF MEDICINE
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FLUORIDE SOURCES AND SUPPLEMENTATION

Topical Fluoride Sources

Source Availability Concentration Typical Dose
Toothpaste OTC 1,000 –1,500 ppm Pea sized = 0.25 mg

Toothpaste Prescription 5,000 ppm Pea sized = 1.25 mg

Varnish Professionally applied 22,600 ppm (NaF) 0.2 mL = 4.4 mg

Gel Professionally applied 12,300 ppm (1.23%) 5 mL = 61.5 mg

Gel Prescription 5,000 ppm (0.5% 
NaF)

Thin ribbon = 25 mg

Foam Professionally applied 9,040 ppm (0.9%) 5 mL = 45 mg

Rinse OTC 230 ppm (0.05% NaF) 5 mL = 2.5 mg

From Slayton R. Fluoride facts: what pediatricians need to know about fluoride agents for  children, 
including supplementation. AAP News. 2010;31:30

Dietary Fluoride Supplementation Schedule

Age <0.3 ppm F 0.3–0.6 ppm F >0.6 ppm F
Birth–6 months 0 0 0

6 months–3 years 0.25 mg 0 0

3–6 years 0.50 mg 0.25 mg 0

6 years up to at least  
16 years

1.00 mg 0.50 mg 0

From American Academy of Pediatric Dentistry Liaison with Other Groups Committee; American 
Academy of Pediatric Dentistry Council on Clinical Affairs. Guideline on fluoride therapy. Pediatr 
Dent. 2008–2009;30(7 suppl):121–124. Reproduced with permission. Copyright © 2008–2009 
 American Academy of Pediatric Dentistry.
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9. Umbilical Vein and Artery 
 Catheterization Measurements

USING BIRTH WEIGHT TO MEASURE CATHETER LENGTH
Prior to placing an umbilical vein or artery catheter in a newborn as 
an elective procedure, you can use the following regression formula to 
determine the catheter length in centimeters using birth weight:

Umbilical Artery Catheter Length (cm) = 
3 × Birth Weight + 9 cm

Umbilical Vein Catheter Length (cm) =  
Umbilical Artery Catheter Length (cm) + 1 cm

2

You can use this formula to approximate the length necessary for place-
ment of a high-lying line between T6 and T10 for umbilical artery lines 
and  umbilical vein lines above the level of the diaphragm in the inferior 
vena cava. Correct placement in small for gestational age (SGA) and 
large for gestational age (LGA) babies may vary because the formula is 
only an approximation. Radiographic confirmation of line positioning 
is important to avoid complications.
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on Birth Weight With 95% Confidence Intervals

Umbilical catheters (umbilical artery catheter tip inserted between T-6 and T-10; 
umbilical vein catheter tip inserted above diaphragm in interior vena cava near or in 
right atrium). Modified estimating equations utilizing birth weight (BW) are as follows: 
umbilical artery length = 2.5*BW + 9.7 (top graph) and umbilical vein length = 1.5*BW + 
5.6 (bottom graph), where BW is measured in kilograms and lengths in centimeters.

From Shukla H, Ferrara A. Rapid estimation of  insertional length of umbilical catheters 
in newborns. Am J Dis Child. 1986;140(8):786–788. Copyright © 1986 American Medical 
Association. All rights reserved.
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USING SHOULDER-UMBILICAL LENGTH TO MEASURE UMBILICAL 
ARTERY CATHETER LENGTH

The graph shows the length of catheter necessary to reach the  aortic 
valve, diaphragm, or aortic bifurcation. Ideally, the umbilical artery 
catheter should reach the level of the diaphragm for a high-lying line.
 Measure the shoulder- 
umbilical length by drop-
ping a vertical line from 
the tip of the  shoulder to a 
point  vertically beneath it 
that is level with the center 
of the umbilicus. Plot this 
length on the x-axis of 
the graph. Where the line 
intersects the graph of the 
diaphram, plot a line to  
the y-axis.
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USING SHOULDER-UMBILICAL LENGTH TO MEASURE UMBILICAL 
VEIN CATHETER LENGTH

The graph shows the length of catheter necessary to reach the left side 
of the atrium and the diaphragm. Ideally, the umbilical vein catheter 
should reach the level of the diaphragm.
 Measure the shoulder-umbilical length by dropping a vertical line 
from the tip of the shoulder to a point vertically beneath it that is level 
with the center of the umbilicus. Plot this length on the x-axis of the 
graph. Where the line intersects the graph of the diaphragm, plot a  
line to the y-axis.
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10. Doses and Levels of  Common Anti-
biotic and Antiseizure  Medications

ANTIBIOTICS

 AMIKACIN ............................................................................. 126
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 TOBRAMYCIN ......................................................................... 130

 VANCOMYCIN ........................................................................ 132

ANTISEIZURE

 FOSPHENYTOIN ..................................................................... 134

 LEVETIRACETAM ..................................................................... 136

 PHENOBARBITAL .................................................................... 138
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 VALPORIC ACID AND DERIVATIVES........................................... 142
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ANTIBIOTICS

Amikacin

Neonatal Dosing

Dosing Table for IV Systemic Administration
 PMA (wk)  Postnatal (d)  Dose (mg/kg)  Interval (h)

 ≤29
 0–7 
8–28 
≥29

18 
15 
15

48 
36 
24

 30–34
 0–7 
≥8

18 
15

36 
24

 ≥35  All 15 24

Abbreviation: PMA, postmenstrual age.

Infant, Children, and Adolescent Dosing

CONVENTIONAL DOSING: 5 to 7.5 mg/kg/dose every 8 hours
DOSAGE FOR RENAL IMPAIRMENT: Yes

Monitoring in neonates

WHEN TO DRAW LEVELS

• Peak: After second dose (see “Timing of Levels”).
• Trough: After second dose (just before third dose).
• Levels are unnecessary if patient is on antibiotics for 48 to 72 hour 

rule-out sepsis protocol.
• Consider more frequent monitoring in hypothermia treatment.

TIMING OF LEVELS

• Peak: 30 minutes after end of 30-minute infusion
• Trough: 0 to 30 minutes before next dose

GOAL LEVELS

• Amikacin peak: 20 to 25 mcg/mL
• Amikacin trough: <5 mcg/mL
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Monitoring in Infants, Children, and Adolescents

WHEN TO DRAW LEVELS

• Peak: After second dose (see “Timing of Levels”).
• Trough: After second dose (just before third dose).
• Levels may be unnecessary if patient is on antibiotics for 48 to 

72 hours sepsis protocol.

TIMING OF LEVELS

• Peak: 30 minutes after end of 30-minute infusion
• Trough: 0 to 30 minutes before next dose

GOAL LEVELS

• Amikacin peak: 20 to 30 mcg/mL
• Amikacin trough: 4 to 10 mcg/mL
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Gentamicin

Neonatal Dosing

Dosing Table for IV Systemic Administration
 PMA (wk)  Postnatal (d)  Dose (mg/kg)  Interval (h)

 ≤29
 0–7 
8–28 
≥29

 5 
4 
4

48 
36 
24

 30–34
 0–7 
≥8

 4.5 
4

36 
24

 ≥35  All  4 24

Abbreviation: PMA, postmenstrual age.

Infant, Children, and Adolescent Dosing

CONVENTIONAL DOSING:

• Infants and children younger than 5 years: 2.5 mg/kg/dose every  
8 hours

• Children 5 years and older: 2 to 2.5 mg/kg/dose every 8 hours

HIGH-DOSE, EXTENDED INTERVAL DOSING (IN PATIENTS WITH NORMAL RENAL 

FUNCTION): 5 to 7.5 mg/kg/dose every 24 hours

DOSAGE FOR RENAL IMPAIRMENT: Yes

Monitoring in Neonates

WHEN TO DRAW LEVELS

• Peak: After second dose (see “Timing of Levels”).
• Trough: After second dose (just before third dose).
• Levels are unnecessary if patient is on antibiotics for 48 to 72 hour 

rule-out sepsis protocol.
• Consider more frequent monitoring in hypothermia treatment.

TIMING OF LEVELS

• Peak: 30 minutes after end of 30-minute infusion
• Trough: 0 to 30 minutes before next dose
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GOAL LEVELS

• Gentamicin peak: 6 to 12 mcg/mL (3 to 5 is an acceptable range for 
gram-positive synergy)

• Gentamicin trough: <1 mcg/mL

Gentamicin Dose and Monitoring Recommendations for  
HIE Cooling Patients
WHEN TO DRAW LEVELS

• First levels done as described above.
• Repeat peak and trough levels after rewarming.

 — Peak: After forth dose (see “Timing of Levels”)
 — Trough: Before fourth dose

• Levels are unnecessary if patient is on antibiotics for 48 to 72 hour 
rule-out sepsis protocol.

TIMING OF LEVELS

• Peak: 30 minutes after end of 30-minute infusion
• Trough: 0 to 30 minutes before next dose

Monitoring in Infants, Children, and Adolescents
WHEN TO DRAW LEVELS

• Peak: After third dose (see “Timing of Levels”).
• Trough: After third dose.
• Levels may be unnecessary if patient is on antibiotics for 48 to 

72 hour rule-out sepsis protocol.

TIMING OF LEVELS

• Peak: 30 minutes after end of 30-minute infusion
• Trough: 0 to 30 minutes before next dose

GOAL LEVELS

• Gentamicin peak (conventional dosing): 6 to12 mcg/mL (3 to 5 is an 
acceptable range for gram-positive synergy)

• Gentamicin peak (high-dose, extended interval dosing): May be 2 to 
3 times greater than conventional dosing peak levels

• Gentamicin trough: <2 mcg/mL ( <1 mcg/mL is ideal, especially for 
high-dose, extended interval)
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Tobramycin

Neonatal Dosing

Dosing Table for IV Systemic Administration
 PMA (wk)  Postnatal (d)  Dose (mg/kg)  Interval (h)

 ≤29
 0–7 
8–28 
≥29

 5 
4 
4

48 
36 
24

 30–34
 0–7 
≥8

 4.5 
4

36 
24

 ≥35  All  4 24

Abbreviation: PMA, postmenstrual age.

Infant, Children, and Adolescent Dosing

CONVENTIONAL DOSING:

• Infants and children younger than 5 years: 2.5 mg/kg/dose every 8 
hours

• Children 5 years and older: 2 to 2.5 mg/kg/dose every 8 hours

CYSTIC FIBROSIS DOSING:

• Conventional CF dosing: 3.3 mg/kg/dose every 8 hours
• High-dose, extended interval dosing: 7 mg/kg/dose every 12 hours 

or 10 mg/kg/dose every 24 hours

DOSAGE FOR RENAL IMPAIRMENT: Yes

Monitoring in Neonates

WHEN TO DRAW LEVELS

• Peak: After second dose (see “Timing of Levels”).
• Trough: After second dose (just before third dose).
• Levels are unnecessary if patient is on antibiotics for 48 to 72 hour 

rule-out sepsis protocol.

TIMING OF LEVELS

• Peak: 30 minutes after end of 30-minute infusion
• Trough: 0 to 30 minutes before next dose
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GOAL LEVELS

• Tobramycin peak: 6 to 12 mcg/mL (3 to 5 mcg/mL is an acceptable 
range for gram-positive synergy)

• Tobramycin trough: <1 mcg/mL

Monitoring in Infants, Children, and Adolescents

WHEN TO DRAW LEVELS

• Peak: After third dose (see “Timing of Levels”).
• Trough: Prior third dose.
• Levels may be unnecessary if patient is on antibiotics for 48 to 72 

hour rule-out sepsis protocol.

TIMING OF LEVELS

• Peak: 30 minutes after end of 30-minute infusion
• Trough: 0 to 30 minutes before next dose

GOAL LEVELS

• Tobramycin peak (non–cystic fibrosis dosing): 6 to12 mcg/mL  
(3 to 5 mcg/mL is an acceptable range for gram-positive synergy)

• Tobramycin peak (cystic fibrosis dosing): 8 to 14 mcg/mL
• Tobramycin trough: <2 mcg/mL (<1 mcg/mL is ideal)
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Vancomycin

Neonatal Dosing

Meningitis: 15 mg/kg/dose
Bacteremia: 10 mg/kg/dose

Dosing Table for IV Administration
 PMA (wk)  Postnatal (d)  Interval (h)

 ≤29
 0–14 
>14

 18 
12

 30–36
 0–14 
>14

 12 
8

 37–44
 0–7 
>7

 12 
8

Abbreviation: PMA, postmenstrual age.

Infants, Children, and Adolescent Dosing

CONVENTIONAL DOSING: 15 to 20 mg/kg/dose every 6 to 8 hours 
(Consider every 6 hours for patients older than 2 months who do not 
have a history of cardial abnormalities.)

DOSAGE FOR RENAL IMPAIRMENT: Yes

Monitoring in Neonates

TROUGHS ONLY EXCEPT WITH

• Central nervous system infections
• Osteomyelitis
• Infective abscess
• Goal trough >10 mcg/mL

Monitoring in Infants, Children, and Adolescents
Only trough levels are recommended.

WHEN TO DRAW LEVELS

• Trough: Before third dose (for neonates) or fourth dose(for infants, 
children, and adolescents)

• Peak: After third dose (when necessary)
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TIMING OF LEVELS

• Peak: 60 minutes after end of 60-minute infusion
• Trough: 0 to 30 minutes before next dose

GOAL LEVELS

• Trough for neonates: 5 to 15 mcg/mL
• Trough for non-neonates: 10 to 20 mcg/mL

 — Consider higher goal of 10 to 15 mcg/mL (for neonates) or  
15 to 20 mcg/mL (for infants, children, and adolescents) for 
 serious infections or anatomic sites with difficult penetration  
(eg, meningitis, osteomylitis, bacteremia, endocarditis, hospital- 
acquired pneumonia caused by Staphylococcus aureus)  
upon recommendation from pediatric infectious diseases or 
 clinical pharmacist.

• Peak: 25 to 40 mcg/mL
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ANTISEIZURE

Fosphenytoin
Note: All dosing is expressed in phenytoin equivalents (PE). 1 mg of fosphenytoin = 
1 mg of phenytoin.

Neonatal Dosing

LOADING DOSE: 15 to 20 mg PE/kg IM or IV infusion over at least  
10 minutes.

MAINTENANCE DOSE: 4 to 8 mg PE/kg IM or IV slow push every 24 hours. 
Begin maintenance 24 hours after loading dose.

Term infants older than 1 week may require up to 8 mg PE/kg/dose 
every 8 to 12 hours.

Infants, Children, and Adolescent Dosing

LOADING DOSE

• Status epilepticus: 15 to 20 mg PE/kg IV
• Non-emergent: 10 to 20 mg PE/kg IV or IM

MAINTENANCE DOSE: 4 to 6 mg PE/kg IV every day in 2 to 3 divided doses

Monitoring

WHEN TO DRAW LEVELS

• Monitor the drug via phenytoin levels in serum.
• Consider obtaining a level 2 hours (if IV infusion) or 4 hours (if IM 

infusion) after administration of the loading dose.
• Achieving a steady state takes about 1 week, but you may want to take 

a level if patient continues to seize.
• Maintenance doses may be titrated if symptomatic, even if levels 

are pending.
• Consider obtaining serum albumin level.

TIMING OF LEVELS

Trough: Before steady-state dose
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GOAL LEVELS

• Total phenytoin level
 — First week of life: 6 to 15 mcg/mL
 — After 7 days of life: 10 to 20 mcg/mL

• Free (unbound) level
 — 1 to 2 mcg/mL
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Levetiracetam (Keppra)

Neonatal Dosing
Note: Limited data available; dose not established.

IV: 10 mg/kg/day divided twice daily; increase dosage by 10 mg/kg over 
3 days to 30 mg/kg/day; additional increases up to 45 to 60 mg/kg/day 
have been used with persistent seizure activity or clinical EEG findings. 
For treatment of status epilepticus, loading doses of 20 to 30 mg/kg/
dose have been used by some centers.

ORAL: Initial, 10 mg/kg/day in 1 to 2 divided doses; increase daily by 10 
mg/kg to 30 mg/kg/day (maximum reported dose: 60 mg/kg/day).

Infants, Children, and Adolescent Dosing

PARTIAL ONSET SEIZURES

• Infants between 1 and 6 months of age: 7 mg/kg/dose twice daily; 
can increase dosage every 2 weeks by 7 mg/kg/dose twice daily, as 
tolerated, to the recommended dose of 20 mg/kg/dose twice daily. 
Additional increases up to 45 to 60 mg/kg/day have been used with 
persistent seizure activity or clinical EEG findings. Commonly accept-
ed maximum dose at most centers is 60 mg/kg/day.

• Infants older than 6 months and adolescents younger than 16 years: 
10 mg/kg/dose IV/PO twice daily. May increase dose every 2 weeks 
by 10 mg/kg/dose, if tolerated, to a maximum of 60 mg/kg/day.

• Adolescents 16 years and older: 500 mg twice daily; may increase 
every 2 weeks by 500 mg/dose to the recommended dose of 1,500 mg 
twice daily. Efficacy of doses other than 3,000 mg/day has not been 
established. The same dose is indicated for myoclonic seizures in this 
patient population.

SEIZURE PROPHYLAXIS

• Loading dose: 20 mg/kg IV
• Maintenance dose: 10 mg/kg/dose twice daily for 7 days
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STATUS EPILEPTICUS

Note: Limited data available; dose not established.

Loading dose of 50 mg/kg/dose (maximum dose: 2,500 mg) given 
IV; followed by IV or oral maintenance dosing determined by clinical 
response; reported IV maintenance dose is 30 to 55 mg/kg/day, divided 
twice daily

Monitoring
Trough concentrations are not routinely measured but may be useful in 
accessing magnitude of dosing adjustments, drug compliance, or both.

THERAPEUTIC CONCENTRATIONS: 10 to 40 mcg/mL
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Phenobarbital

Neonatal Dosing

ANTICONVULSANT

• Loading dose: 20 mg/kg IV, given slowly over 10 to 15 minutes.
• Refractory seizures: Additional 5 mg/kg doses, up to a total of 

40 mg/kg.
• Maintenance dosing: 3 to 4 mg/kg/day, beginning 12 to 24 hours 

after the load. Increase to 5 mg/kg/day if needed (usually by second 
week of therapy).

• Frequency/Route: Every 24 hours. IV slow push (most rapid control 
of seizures), IM, orally, or rectally.

NEONATAL ABSTINENCE SYNDROME

• Loading dose: 16 mg/kg orally on day 1.
• Maintenance: 1 to 4 mg/kg/dose orally every 12 hours.
• Based on abstinence scoring, weaning can be achieved by decreasing 

dose 20% every other day.

Infants, Children, and Adolescents

ANTICONVULSANT LOADING DOSE 

15 to 20 mg/kg (maximum: 1,000 mg/dose)

MAINTENANCE DOSING

Age Maintenance Dosing
Infant 5–6 mg/kg/day divided in 1–2 doses

Children 1 to 5 y 6–8 mg/kg/day divided in 1–2 doses

Children 5 to 12 y 4–6 mg/kg/day divided in 1–2 doses

Adolescents >12 y 1–3 mg/kg/day divided in 1–2 doses



139Doses and Levels of  Common Anti biotic and Antiseizure  Medications

Monitoring

WHEN TO DRAW LEVELS

• Achieving a steady state takes 1 to 2 weeks, but you may want to take a 
level if patient continues to seize.

• Maintenance doses may be titrated if symptomatic, even if levels 
are pending.

TIMING OF LEVELS

Trough: Before steady-state dose

GOAL LEVELS

Trough: 15 to 40 mcg/mL
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Topiramate (Topomax)

Neonatal Dosing
Note: Limited data. Further studies needed.

NEONATAL SEIZURES, REFRACTORY: Oral, 10 mg/kg/day

NEUROPROTECTANT FOLLOWING ANOXIC INJURY (WITH COOLING): Oral,  
5 mg/kg/day

Infants, Children, and Adolescents

ANTICONVULSANT MONOTHERAPY

Children 2 to younger than 10 years of age
Initial: 25 mg once daily (in evening); may increase, if tolerated  
to 25 mg twice daily in week 2; thereafter, may increase by 25 to  
50 mg/day at weekly intervals over 5 to 7 weeks up to the lower end  
of the  target daily maintenance dosing range in the following table:

 ≤11 kg: 150–250 mg/day in 2 divided doses
 12–22 kg: 200–300 mg/day in 2 divided doses
 23–31 kg: 200–350 mg/day in 2 divided doses
 32–38 kg: 250–350 mg/day in 2 divided doses
 >38 kg: 250–400 mg/day in 2 divided doses

Children 10 years and older and adolescents
Initial: 25 mg twice daily; increase at weekly intervals by 50 mg/day up 
to a dose of 100 mg twice daily (week 4 dose); thereafter, may further 
increase at weekly intervals by 100 mg/day up to the recommended 
maximum dose of 200 mg twice daily

ANTICONVULSANT ADJUNCTIVE THERAPY

Children and adolescents 2 to 16 years of age
Initial: 1 to 3 mg/kg/day (maximum: 25 mg) given nightly for 1 week; 
increase at 1- to 2-week intervals by 1 to 3 mg/kg/day given in 2 divided 
doses; titrate dose to response; usual maintenance: 5 to 9 mg/kg/day 
given in 2 divided doses. Slower titrations rates should be utilized in 
generalized tonic clonic seizures.
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Adolescents 17 years and older
Initial: 25 to 50 mg/day given daily for 1 week; increase at weekly 
intervals by 25 to 50 mg/day divided into 2 doses. Doses are titrated 
response with a usual maintenance dose of 100 to 200 mg twice daily 
(maximum dose: 1,600 mg/day). Slower titrations rates should be 
 utilized in generalized tonic clonic seizures.

Monitoring
Measure serum bicarbonate levels at baseline and periodically during 
treatment. Routine monitoring of levels may be unnecessary, but con-
sider target concentrations of 5 to 20 ng/mL.
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Valproic Acid and Derivatives

Infants, Children, Adolescent Dosing
Note: due to the risk of valproic acid associated hepatotoxicity in 
patients younger than 2 years of age, valproic acid is not the preferred 
agent in this population.

SEIZURE DISORDER 

• Oral: 10 to 15 mg/kg/day divided 3 to 4 times daily (valproic acid) 
or twice daily (divalproex sodium). Doses can be increased at weekly 
intervals to a maximum dose of 60 mg/kg/day. 

• IV: Total daily dose IV is equal to total daily dose oral; however, IV 
should be divided into a frequency of every 6 hours.  

REFACTORY STATUS EPILEPTICUS 

• Loading dose: 20 to 40 mg/kg (maximum: 1,000 mg)
• Continuous infusion (to begin after loading dose): 1 mg/kg/h

WHEN TO DRAW LEVELS

• Drug is monitored via trough valproic acid levels. 
• Should also consider obtained liver enzymes, serum ammonia, 

and CBC/platelets.

TIMING OF LEVELS: Trough before steady-state dose

GOAL LEVELS: Therapeutic: 50 to 100 mcg/mL (therapeutic levels are 
not well established; higher goal levels may be indicated in certain 
patients, but should consider a neurology consult) 

RESOURCES
Lexicomp Online. Lexi-comp , Inc; 2013. http://online.lexi.com. Accessed December 23, 2013

Mark LF, Solomon A, Northington FJ, Lee CK. Gentamicin pharmacokinetics in neonates 
undergoing therapeutic hypothermia. Ther Drug Monit. 2013;35(2):217–222.

Neofax Online. Truven Health Analytics Inc; 2013. http://www.micromedex.com. Accessed 
December 23, 2013
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ACETAMINOPHEN TOXICITY NOMOGRAM

Adapted from Rumack BH, Matthew H. Acetaminophen poisoning and toxicity. Pediatrics. 
1975;55(6):871–876, and Rumack BH. Acetaminophen hepatotoxicity: the first 35 years. J Toxicol 
Clin Toxicol. 2002;40(1):3–20.
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RABIES GUIDELINES

Rabies Postexposure Prophylaxis (PEP) Schedule—United States, 2010

Vaccination 
 status Intervention Regimena

Not previously 
vaccinated

Wound cleansing All PEP should begin with immediate thorough 
cleansing of all wounds with soap and water. If 
available, a virucidal agent (e.g., povidine-iodine 
solution) should be used to irrigate the wounds.

Human rabies  immune 
globulin (HRIG)

Administer 20 IU/kg body weight. If anatomically fea-
sible, the full dose should be infiltrated around and 
into the wound(s), and any remaining volume should 
be administered at an anatomical site (intramuscular 
[IM]) distant from vaccine administration. Also, HRIG 
should not be administered in the same syringe as 
vaccine. Because RIG might partially suppress active 
production of rabies virus antibody, no more than 
the recommended dose should be administered.

Vaccine Human diploid cell vaccine (HDCV) or  purified chick 
embryo cell vaccine (PCECV) 1.0 mL, IM (deltoid 
areab), 1 each on days 0,c 3, 7 and 14.d

Previously 
 vaccinatede

Wound cleansing All PEP should begin with immediate thorough 
cleansing of all wounds with soap and water. If 
available, a virucidal agent such as  povidine-iodine 
solution should be used to irrigate the wounds.

HRIG HRIG should not be administered.

Vaccine HDCV or PCECV 1.0 mL, IM (deltoid areab), 1 each  
on days 0c and 3. 

a These regimens are applicable for persons in all age groups, including children.
b  The deltoid area is the only acceptable site of vaccination for adults and older children. For 
younger children, the outer aspect of the thigh may be used. Vaccine should never be adminis-
tered in the gluteal area.

c Day 0 is the day dose 1 of vaccine is administered.
d  For persons with immunosuppression, rabies PEP should be administered using all 5 doses of 
vaccine on days 0, 3, 7, 14, and 28.

e  Any person with a history of pre-exposure vaccination with HDCV, PCECV, or rabies vaccine ad-
sorbed (RVA); prior PEP with HDCV, PCECV or RVA; or previous vaccination with any other type 
of rabies vaccine and a documented history of antibody response to the prior vaccination.

From Rupprecht CE, Briggs D, Brown CM, Franka R, Katz SL, Kerr HD, Lett SM, Levis R, 
Meltzer MI, Schaffner W, Cieslak PR; Centers for Disease Control and Prevention (CDC). Use 
of a reduced (4-dose) vaccine schedule for postexposure prophylaxis to prevent human rabies: 
 recommendations of the advisory committee on immunization practices. MMWR Recomm Rep. 2010 
Mar 19;59(RR-2):1-9. Erratum in: MMWR Recomm Rep. 2010 Apr 30;59(16):493.
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Index

A
Acellular pertussis vaccine schedule, 

147–148
Acetaminophen, 144
Acid phosphate, 68
Activity, Apgar score, 3
Adolase, 68
Adolescent(s)

amikacin dosing for, 126–127
cholesterol levels in, 76–77
creatinine levels in, 73
dietary intake recommendations for, 

117–118
fibrinolytic system in, 93
fluoride supplementation for, 119
fosphenytoin dosing for, 134–135
galactose levels in, 74
gentamicin dosing for, 128–129
glucose levels in, 74
HDL/LDL in, 77
hematology values of, 85
immunization schedules for, 146–151
lactate levels in, 76
levetiracetam dosing for, 136–137
lymphocyte subset counts in, 94–96
phenobarbital dosing for, 138–139
phosphorus levels in, 77
prealbumin levels in, 78
protein levels in, 78
serum 17 hydroxyprogesterone in, 

100
tobramycin dosing for, 130–131
topiramate dosing for, 140–141
transferrin levels in, 79
triglycerides levels in, 79
troponin-1 levels in, 80
uric acid levels in, 80

valproic acid dosing for, 142–143
vancomycin dosing for, 132–133
vitamin A levels in, 80
vitamin E levels in, 81

Adult(s)
acid phosphate levels in, 68
adolase levels in, 68
alanine aminotransferase levels in, 68
alkaline phosphatase levels in, 69
ammonia levels in, 69
amylase levels in, 69
bilirubin levels in, 71
calcium levels in, 72
carbon monoxide levels in, 72
cerebrospinal fluid values in, 65–66
chloride levels in, 72
cholesterol levels in, 76–77
coagulation tests, 92
cobalamin levels in, 81
creatinine levels in, 73
erythrocyte sedimentation rate in, 73
Fe-binding capacity in, 79
ferritin levels in, 73
fibrinolytic system in, 93
folate levels in, 73–74
formulas for, 112–115
γ-Glutamyl transferase in, 74
gas levels in, 71
HDL/LDL in, 77
hematology values of, 85
hemoglobin levels in, 75
inhibition of coagulation in, 92
iron levels in, 75
phenylalanine levels in, 77
potassium levels in, 78
serum 17 hydroxyprogesterone in, 

100
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Adult(s), continued
thyroid function tests, 98
transferrin levels in, 79
urea nitrogen levels in, 80

Age
blood pressure and, 58–63
head circumference for, 11, 18
length/weight percentiles and, 10, 17
stature for, 12, 19
weight for, 14, 21

Alanine aminotransferase, 68
Alkaline phosphatase, 69
Amikacin, 126–127
Amino acid-based formulas

for adults, 115
for infants, 111
for older children, 115
for young children, 113

Ammonia, 69
Amylase, 69
Anion gap, 105
Antibiotic dosing

amikacin, 126–127
gentamicin, 128–129
tobramycin, 130–131
vancomycin, 132–133

Antinuclear antibodies, 69
Antiseizure dosing

fosphenytoin, 134–135
levetiracetam, 136–137
phenobarbital, 138–139
topiramate, 140–141
valproic acid and derivatives, 142–143

Antistreptolysin, 70
Apgar score, 3
Appearance, Apgar score, 3
Arterial lactate, 76
Aspartate aminotransferase, 70

B
Behavior, PEWS for, 7
Bicarbonate(s), 70, 116
Bilirubin, 70–71
Biotin, 117
Blood. See also Coagulation

gas, 71
glucose, 65
lymphocyte subset counts in, 94–96
serum, 73

Blood pressure
by age and height, 58–63
nomograms

children younger than one year, 
57

first day of life, 54
first few weeks of life, 56
first twelve hours or life, 53

Blood urea nitrogen, 83
BMI. See Body mass index
Body mass index, 13, 16, 20, 23
Body surface area, 9
Boy(s)

blood pressure levels in, 58–60
growth charts for

birth to 24 months, 17–18
BMI, 20, 23
Down syndrome-associated, 41–42
Fenton preterm, 29
head circumference, 18
IHDP, 34–37
length-for-age, 17
neonatal curve, 26–27
stature for age, 19
two to twenty years, 19–23
weight-for-age, 17, 19, 22
weight-for-stature, 21–22

Breathing. See Respiration
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C
C-reactive protein, 72
Calcium

in adult formulas, 114–115
in infant formulas, 110–111
recommended intakes, 117
units of, 72

Calculated serum osmolality, 105
Calories

in adult formulas, 114–115
in children’s formulas, 113–114
common supplements, 108
soy formulas, 107
standard formulas, 107

Capillary blood, 76
Carbohydrates

in adult formulas, 114–115
in children’s formulas, 113–114
in infant formulas, 110–111
in oral rehydration fluids, 116
recommended intake, 117
units of, 107

Carbon dioxide, 72
Carbon monoxide, 72
Cardiovascular system, 7
Casein formulas, 110–111
Catheterization measurements, 121–124
Celsius conversion, 2
Cerebrospinal fluids, 65–66
Children. See also Boys; Girls

acid phosphate levels in, 68
adolase levels in, 68
alanine aminotransferase levels in, 68
alkaline phosphatase levels in, 69
amikacin dosing for, 126–127
ammonia levels in, 69
amylase levels in, 69
antistreptolysin levels in, 70
aspartate aminotransferase levels 

in, 70
bicarbonate levels in, 70

calcium levels in, 72
cerebrospinal fluid values in, 65–66
chloride levels in, 72
cholesterol levels in, 76–77
coagulation tests, 92
cobalamin levels in, 81
creatinine levels in, 73
dietary intake recommendations for, 

117–118
erythrocyte sedimentation rate in, 73
ferritin levels in, 73
fibrinolytic system in, 93
fluoride supplementation for, 119
folate levels in, 73–74
formulas for, 112–115
fosphenytoin dosing for, 134–135
galactose levels in, 74
γ-Glutamyl transferase in, 74
gas levels in, 71
gentamicin dosing for, 128–129
glucose levels in, 74
growth hormone values in, 99
HDL/LDL in, 77
hematology values of, 84
immunization schedules for, 146–151
inhibition of coagulation in, 92
iron levels in, 75
lactate dehydrogenase levels in, 76
lactate levels in, 76
lead levels in, 76
levetiracetam dosing for, 136–137
lipase levels in, 76
lymphocyte subset counts in, 94–96
phenobarbital dosing for, 138–139
phosphorus levels in, 77
potassium levels in, 78
prealbumin levels in, 78
protein levels in, 78
serum 17 hydroxyprogesterone in, 

100
sodium levels in, 79
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Children, continued
with special needs, growth charts, 

38–43
thyroid function tests, 98
tobramycin dosing for, 130–131
topiramate dosing for, 140–141
transferrin levels in, 79
triglycerides levels in, 79
troponin-1 levels in, 80
urea nitrogen levels in, 80
uric acid levels in, 80
valproic acid dosing for, 142–143
vancomycin dosing for, 132–133
vitamin A levels in, 80
vitamin E levels in, 81

Chloride, 72, 118
Chlorine, 82
Cholesterol, 76–77
Choline, 117
Chromium, 117
Coagulation tests, 88–92
Consolability pain scale, 6
Conversions, 1–2
Copper, 118
Cortisol levels, 99
Cow’s milk-based formulas

for adults, 114–115
for infants, 110
for young children, 112–113

Creatine kinase, 73
Creatinine, 73
Cry pain scale, 6

D
Diabetes mellitus, 75
Diphtheria vaccine schedule, 147–148
Down syndrome, 39–40

E
Ear above eye measurements, 49
Endocrine laboratory values, 99–100
Erythrocyte sedimentation rate, 73

Exchange transfusion nomogram, 101
Extremities, growth measures, 44–48

F
Face pain scale, 6
Fahrenheit conversion, 2
Fats

in adult formulas, 114–115
calories in, 107
in infant formulas, 110–111
intake recommendations, 117

Ferritin, 73
Fiber, 117
Fibrinolytic system, 93
FLACC pain scale, 6
Fluoride

intake recommendations, 118
sources, 119
supplementation schedule, 119

Folate, 73–74, 117
Forearm length, 45
Formulas

for adults, 114–115
amino acid-based, 111, 113
caloric counts, 107
casein, 110–111
cow’s milk-based, 110, 112, 114
for infants, 108–111
for older children, 114–115
pork-based, 113
semi-elemental, 110
soy-based, 110, 113
specialized, 111
whey, 111
for young children, 112–113

Fosphenytoin, 134–135

G
Galactose, 74
γ-Glutamyl transferase, 74
Gentamicin, 128–129
Gestational age, 4
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Girl(s)
blood pressure levels in, 61–63
growth charts for

birth to 24 months, 10–11
BMI, 13, 16
Down syndrome-associated, 39–40 
Fenton preterm, 28
head circumference, 11
IHDP, 30–33
length-for-age, 10
neonatal curve, 24–25
two to twenty years, 12–16
weight-for-age, 10, 12, 15
weight-for-stature, 14–15

Glucose
in children, 74
infusion rate, 105
in neonates, 82
in oral rehydration fluids, 116
reference range values of, 65
in rehydration fluids, 116

Grimace, Apgar score, 3
Growth charts

body surface area, 9
boys’

birth to 24 months, 17–18
BMI, 20, 23
IHDP, 34–37
length-for-age, 17
neonatal curve, 26–27
two to twenty years, 19–23
weight-for-age, 17, 19, 22
weight-for-stature, 21–22

for children with special needs, 38
Fenton preterm, 28–29
girls’

birth to 24 months, 10–11
BMI, 13, 16
IHDP, 30–33
length-for-age, 10
neonatal curve, 24–25
two to twenty years, 12–13, 16

weight-for-age, 10, 12, 15
weight-for-stature, 14–15

primary teeth eruption, 51
Growth hormone values, 99
Growth measures, 44–49

H
Haemophilus influenzae type b vaccine 

schedule, 147–148
Haptoglobin, 74
HDL. See High-density lipoprotein
Head circumference

birth to 24 months, 11, 18
LBW preterms, 31
neonatal growth, 25, 27
VLBW preterms, 33, 35, 37

Heart rate, 8
Height

blood pressure levels and, 58–63
conversion formulas, 1
Down syndrome charts, 39–41

Hematocrit, 82
Hematology values, 84
Hemoglobin, 75, 82
Hepatitis A vaccine schedule, 147–148
Hepatitis B vaccine schedule, 147–148
High-density lipoprotein, 77
Human papillomavirus vaccine schedule, 

147–148
Hyperbilirubinemia management

exchange transfusion nomogram, 101
phototherapy nomogram, 101
risk nomogram, 101

I
Immunization schedules, 146–151
Inactivated poliovirus vaccine schedule, 

147–148
Infant(s)

amikacin dosing for, 126–127
aspartate aminotransferase levels 

in, 70
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Infant(s), continued
bicarbonate levels in, 70
bilirubin levels in, 70–71
calcium levels in, 72
cerebrospinal fluid values in, 65–66
chloride levels in, 72
coagulation tests, 86–87
creatinine levels in, 73
dietary intake recommendations for, 

117–118
Fe-binding capacity in, 79
ferritin levels in, 73
fluoride supplementation for, 119
fosphenytoin dosing for, 134–135
γ-Glutamyl transferase in, 74
gentamicin dosing for, 128–129
hematology values of, 84
hemoglobin levels in, 75
immunization schedules for, 146–151
inhibition of coagulation in, 88–90
iron levels in, 75
lactate dehydrogenase levels in, 76
lactate levels in, 76
levetiracetam dosing for, 136–137
lipase levels in, 76
lymphocyte subset counts in, 94–96
phenobarbital dosing for, 138–139
phosphorus levels in, 77
potassium levels in, 78
prealbumin levels in, 78
protein levels in, 78
serum 17 hydroxyprogesterone in, 100
sodium levels in, 79
thyroid function tests, 98
tobramycin dosing for, 130–131
topiramate dosing for, 140–141
transferrin levels in, 79
triglycerides levels in, 79
troponin-1 levels in, 80
urea nitrogen levels in, 80
uric acid levels in, 80
valproic acid dosing for, 142–143

vancomycin dosing for, 132–133
vitamin A levels in, 80
vitamin E levels in, 81

Influenza vaccine schedule, 147
Iodine, 118
Iron

in adult formulas, 114–115
in children’s formulas, 113–114
in infant formulas, 110–111
units of, 75

Iron-binding capacity, 79

K
Ketones, 75

L
Lactate, 66, 82
Lactate dehydrogenase, 76
Lactation, 117–118
LDL. See Low-density lipoprotein
Lead, 76
Legs pain scale, 6
Legs, lower length chart, 48
Length

for age percentiles, 10, 17
forearm, 45
LBW preterms, 30
long bone, 46–47
lower leg, 48
neonatal growth curve, 27
upper arm, 44
VLBW preterms, 32, 34, 36

Levetiracetam, 136–137
Lipase, 76
Lipids, 76
Long bone length, 46–47
Low birth weight preterms

boys’ growth charts, 34–38
girls’ growth charts, 30–33

Low-density lipoprotein, 77
LBW. See Low birth weight preterms
Lymphocytes, 65, 94–96
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M
Magnesium

intake recommendations, 118
in neonates, 82
units for, 77

Manganese, 118
Meningococcal vaccine schedule, 148
Methemoglobin, 77
Milligram conversions, 1
Milliosmois conversions, 1
MMR (measles, mumps, rubella) vaccine 

schedule, 147–148
Monocytes, 65

N
New Ballard score, 4–5
Newborn(s)

acid phosphate levels in, 68
adolase levels in, 68
alanine aminotransferase levels in, 68
alkaline phosphatase levels in, 69
amikacin dosing for, 126–127
ammonia levels in, 69
amylase levels in, 69
antistreptolysin levels in, 70
aspartate aminotransferase levels 

in, 70
bicarbonate levels in, 70
bilirubin levels in, 70, 71
blood pressure nomograms, 53–56
calcium levels in, 72
chloride levels in, 72
cobalamin levels in, 81
core blood chemistry, 82–83
creatine kinase levels in, 73
creatinine levels in, 73
ferritin levels in, 73
folate levels in, 73–74
fosphenytoin dosing for, 134–135
galactose levels in, 74
γ-Glutamyl transferase in, 74
gas levels in, 71

gentamicin dosing for, 128–129
glucose levels in, 74
growth curve in, 24–27
growth hormone values in, 99
haptoglobin in, 74
hematology values of, 84
hemoglobin levels in, 75
immunization schedules for, 146–151
iron levels in, 75
lactate dehydrogenase levels in, 76
lactate levels in, 76
levetiracetam dosing for, 136–137
lipase levels in, 76
lymphocyte subset counts in, 94–96
phenobarbital dosing for, 138–139
phosphorus levels in, 77
phenylalanine levels in, 77
potassium levels in, 78
prealbumin levels in, 78
protein levels in, 78
tobramycin dosing for, 130–131
topiramate dosing for, 140–141
transferrin levels in, 79
triglycerides levels in, 79
troponin-1 levels in, 80
two to four blood chemistry, 82–83
urea nitrogen levels in, 80
uric acid levels in, 80
vancomycin dosing for, 132–133

Niacin. See Vitamin B3

Nonsmokers, 72
Nutrition

adult formulas, 114
common supplements, 108
infant formulas, 108–111
intake recommendations, 117–118
older children formulas, 114
preterm formulas, 108
soy formulas, 107
standard formula, 107
toddler formulas, 113
young children formulas, 113
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O
Opening pressure, 65–66
Oral rehydration fluids, 116
Osmolality

in adult formulas, 114–115
in children’s formulas, 113–114
in infant formulas, 110–111
in oral rehydration fluids, 116
units of, 77

P
Pain scales, 6
Pantothenic acid, 117
Pediatric early warning score (PEWS), 

7–8
PEWS. See Pediatric early warning score 

(PEWS)
pH, 82
Phenobarbital, 138–139
Phosphorus

in adult formulas, 114–115
in children’s formulas, 113–114
in infant formulas, 110–111
recommended intake of, 118
units of, 77

Phototherapy nomogram, 102
Phenylalanine, 77
Physical maturity, 5
Pneumococcal conjugate vaccine sched-

ule, 147–148
Pneumococcal polysaccharide vaccine 

schedule, 147–148
Polymorphonuclear cells, 65
Porcelain, 77
Pork-based formulas, 113
Potassium

in adult formulas, 114–115
blood levels, 82
in children’s formulas, 113–114
intake recommendations, 118
in oral rehydration fluids, 116

in rehydration fluids, 116
units in children, 78

Prealbumin, 78
Pregnancy, 117–118
Preterm infant(s)

bilirubin levels in, 70
blood pressure and, 54–56
calcium levels in, 72
cerebrospinal fluid values in, 65–66
Fenton growth charts, 28–29
glucose levels in, 74
IHDP growth charts

boys, 34–37
girls, 30–33

phenylalanine levels in, 77
potassium levels in, 78
protein levels in, 78
thyroid function tests, 97
urea nitrogen levels in, 80
vitamin A levels in, 80
vitamin E levels in, 81

Proteins
in adult formulas, 114–115
in children’s formulas, 113–114
clinical chemistry, 78
in infant formulas, 110–111
intake recommendations, 117
reference range values of, 65
in supplements, 107

Pulse, Apgar score, 3

R
Rabies guidelines, 145
Red blood cells, 65, 74
Respiration

Apgar score, 3
fluctuation with, 66
PEWS for, 7–8

Riboflavin. See Vitamin B2

Risk nomogram, 101
Rotavirus vaccine schedule, 147, 148
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S
Scales for pain, 6
Scores

Apgar, 3
New Ballard, 4–5
PEWS, 7–8

Selenium, 118
Semi-elemental formulas

for adults, 115
for older children, 115
for young children, 113

Serum 17 hydroxyprogesterone, 100
Smokers, 72
Sodium

in adult formulas, 114–115
in children’s formulas, 113–114
in infant formulas, 110–111
intake recommendations, 118
in oral rehydration fluids, 116
in rehydration fluids, 116
units in children, 79

Soy-based formulas
for adults, 115
for infants, 110
for older children, 115
for young children, 113

Specialized formulas, 111
Stature for age, 12, 19

T
Teeth, eruption chart, 51
Temperature conversions, 2
Tetanus vaccine schedule, 147–148
Thiamin. See Vitamin B1

Thyroid function tests, 97–98
Tobramycin, 130–131
Topiramate, 140–141
Topomax. See Topiramate
Transferrin, 79
Triglycerides, 79
Troponin-1, 80

U
Umbilical cords

bilirubin levels in, 70
blood gas in, 71
creatinine in, 73
γ-Glutamyl transferase in, 74
protein levels in, 78

Umbilical vein/artery, 121–124
Upper arm length, 44
Urea nitrogen, 80
Uric acid, 80

V
Valproic acid, 142–143
Vancomycin, 132–133
Varicella vaccine schedule, 147–148
Venous lactate, 76
Very low birth weight preterms

boys’ growth charts, 34–38
girls’ growth charts, 30–33
thyroid function tests, 97–98

Vitamin A, 80, 117
Vitamin B1, 80, 117
Vitamin B12, 81, 117
Vitamin B2, 80, 117
Vitamin B3, 117
Vitamin C, 81, 117
Vitamin D3, 81, 117
Vitamin E, 81, 117
Vitamin K, 117
VLBW. See Very low birth weight preterms

W
Weight

for age percentiles, 10, 12, 15, 17, 
19, 22

birth
blood pressure and, 54
catheterization measurement and, 

121–124
conversion formulas, 1
Down syndrome charts, 39–41
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Weight, continued
LBW preterm, 30
for stature percentiles, 14–15, 21–22
VLBW preterms, 32, 34, 36

Weight-for-length percentiles
LBW preterms, 31
VLBW preterms, 33, 35, 37

Weight-for-stature percentiles, 14–15, 
21–22

Whey formulas, 111
White blood cells, 65, 94

Z
Zinc, 81, 118
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