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Substance

Amount ﬁltered/day

Water (litres)

180

1.8

99

Sodium (g)

630

3.2

99.5

Glucose (g)

180

0

100

56

28

50

Urea (g)

Amount excreted/day

% reabsorption

Table A Renal water and solute
handling
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Loop of Henle
The main role of the loop of Henle is to generate
an interstitial sodium gradient between the cortex (low
concentration Na+) and inner regions of the medulla
(high concentration Na+). This concentration gradient is
generated by virtue of the fact that the ascending limb of
the loop of Henle is impermeable to water.
Twenty to 40% of sodium is reabsorbed from the
tubular space into the interstitium in the loop of Henle
by the NaK2Cl co-transporter and around 10% of ﬁltered
water. This generates a high concentration of Na+ in the
interstitium but water is unable to follow, due to the
impermeable ascending limb. The high interstitial Na+
concentration provides a gradient which allows urine to
be concentrated as it ﬂows through the collecting tubules
(the permeability of which is controlled by ADH).
The NaK2Cl co-transporter is inhibited by loop
diuretics, the effect of which is to reduce sodium reabsorption, and hence the concentration gradient generated, so that a more dilute urine is produced. In addition
to sodium transport, the majority of magnesium is also
absorbed in the ascending limb of the loop.
At the end of the loop of Henle, as it arrives back up
in the cortex, lie the cells of the macula densa. These cells
sense luminal sodium concentration and are involved in
controlling the release of renin, and hence systemic blood
pressure (see below).
Distal tubule
The distal tubule plays a role in ﬁne tuning the ﬁnal urine
sodium concentration (and hence determines how dilute
or concentrated it will be). Around 5% of sodium is
reabsorbed here via the NaCl co-transporter, which is
inhibited by thiazide diuretics.
Collecting duct
A further 2% of sodium is reabsorbed by the aldosteronesensitive sodium channels found within the distal convoluted tubule and the collecting duct.
Acid secretion is performed by the α-intercalated
cells of the collecting tubule and involves two
pumps: H+ATPase and the basolateral Cl − : HCO3− anion
exchanger 1 (AE-1) and an enzyme (carbonic anhydrase
2 (CA2); see Figure D for details.

Box A The determinants of mean arterial
pressure (MAP)
MAP = cardiac output (CO) × total peripheral resistance ( TPR)
CO = stroke volume (SV ) × heart rate (HR )

Antidiuretic hormone (ADH) exerts its effects on this
portion of the nephron, causing the insertion of aquaporins into the luminal membrane, thus facilitating the
reabsorption of water, which travels from the tubular
space into the interstitium as a result of the concentration
gradient generated by the loop of Henle.
The physiology of blood pressure control
When considering the ways in which the kidneys are
involved in blood pressure control, it is important to bear
in mind the basic physiological principle that mean arterial pressure (MAP) is dependent on cardiac output (CO)
and total peripheral resistance (TPR) (Box A). CO is
affected by stroke volume and hence venous return. As
tubular function declines in chronic kidney disease
(CKD), the kidney retains ﬂuid and the venous return
increases, causing a rise in MAP. Thus CKD is often
associated with hypertension.
Renin-angiotensin-aldosterone (RAA)
pathway (Figure E)
Renin is released from the juxtoglomerular apparatus of
the kidney in response to reduced renal perfusion or low
sodium delivery to the distal part of the loop of Henle.
Renin coverts angiotensinogen (made in liver) to angiotensin I. This is converted to angiotensin II by angiotensin-converting enzyme (ACE), found principally in the
pulmonary vasculature. Angiotensin II is a potent vasoconstrictor and will thus increase TPR and MAP. It also
causes the release of aldosterone from the adrenal cortex,
which acts on the distal tubule to cause retention of
sodium, and thus water, expanding volume and increasing venous return, CO and MAP.
In addition, angiotensin II leads to the release of ADH
from the posterior pituitary. ADH increases permeability
of the collecting duct by stimulating the insertion of
water channels (aquaporins) into the apical (luminal)
membrane of principal cells of the collecting duct. This
is achieved through the action of ADH on V2 receptors,
G protein-coupled receptors on the basolateral (intersti-
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If there is proximal tubule dysfunction (e.g. in type
II (proximal) renal tubular acidosis) then there is
glycosuria, aminoaciduria and acidosis (due to loss of
bicarbonate).
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Figure E The renin-angiotensin-aldosterone system.

tial) membrane of principal cells. Following binding,
activation of the cAMP cascade leads to the release of
aquaporins from storage vesicles by exocytosis. The
aquaporins are then inserted into the apical (luminal)
membrane, allowing water to pass out of the distal convoluted tubules and the collecting tubules into the interstitium, and back into the blood. The net effect is to
increase the concentration of urine and expand blood
volume, causing a rise in MAP.

Biochemistry
Endocrine functions of the kidney

Vitamin D metabolism
Naturally occurring vitamin D requires hydroxylation,
ﬁrst in the liver to 25,OH-vitamin D and then in the
kidney to 1,25(OH)2-vitamin D via the action of the
enzyme 1α-hydroxylase. If the kidneys are diseased, there
is a reduction in production of active vitamin D
(1,25(OH)2-vitamin D). This results in reduced absorption of calcium from the gut, impaired bone mineralisation and hypocalcaemia. The low levels of calcium and
1,25(OH)2-vitamin D (as well as high phosphate) are
sensed by cells of the parathyroid gland, which increase

the production of PTH in an attempt to restore normocalcaemia, a state known as secondary hyperparathyroidism. If there is chronic kidney dysfunction and persistent
hypocalcaemia, the parathyroid glands hypertrophy and
begin to function autonomously, i.e. independently of
blood calcium level, leading to hypercalcaemia (tertiary
hyperparathyroidism) (Figure F).

Erythropoietin production
Endogenous erythropoietin (EPO) is produced by peritubular cells. It acts on erythroid precursors within the
bone marrow, stimulating proliferation and maturation.
Damage to the kidney leads to reduced EPO production
and can be seen when GFR falls to <50 mL/min. Anaemia
in CKD patients is exacerbated by impaired intestinal
absorption of iron and reduced iron intake. Prior to the
introduction of recombinant EPO, anaemia was a major
cause of morbidity and mortality in patients with endstage renal failure, and was associated with cardiovascular complications in particular. In some renal conditions,
e.g. polycystic kidney disease or renal cell carcinoma,
the production of EPO may increase, leading to
polycythaemia.
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Approach to the patient

History
Speciﬁc features related to renal disease
1. Urine abnormalities
• Amount
䊊 A reduced amount of urine (<300 mL/day) is
termed oliguira.
䊊 An absence of urine production is termed anuria.
Oliguria occurs in nephritic syndrome, acute renal
failure (ARF) and chronic end-stage renal failure
(ESRF). Absolute anuria suggests a complete
obstruction to the outﬂow of urine (e.g. prostatic
disease), a vascular catastrophe or acute cortical
necrosis.
䊊 An increased production of urine is termed polyuria (urine output >3 L/24 h). This may occur as a
result of:
䊊 diuretic agents
䊊 reduced ADH secretion (cranial diabetes insipidus, alcohol)
䊊 insensitivity to ADH (nephrogenic diabetes
insipidus)
䊊 psychogenic polydipsia
䊊 atrial natriuretic peptide (ANP) release (e.g.
associated with cardiac arrhythmias, cardiac
failure)
䊊 osmotic
diuresis
(hyperglycaemia,
hypercalciuria)
䊊 chronic kidney disease (CKD) (inability of the
diseased tubular cells to appropriately move Na
and hence concentrate urine)
• Nocturia: adults do not normally pass urine at
night, although there is some variability. Nocturia
occurs in CKD, in conditions where an osmotic agent
is found in the urine (e.g. glucose in diabetes mellitus
(DM), calcium in conditions associated with hypercalciuria) or in prostatic disease.
Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.
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• Urinary frequency can occur in DM, hypercalciuria
and urinary tract infections (UTI).
• Poor urinary stream: this is a symptom of prostatic
disease or sphincter dysfunction.
• Colour: urine should be clear to light yellow
in colour (depending on concentration). ‘Cokecoloured’ is seen in nephritic syndrome, where there
is glomerular haematuria. ‘Tea-coloured’ urine is seen
in myoglobinuria (usually secondary to rhabdomyolysis). Macroscopic haematuria (where urine is obviously blood-stained) may be due to bleeding in the
upper (e.g. IgA nephropathy) or lower urinary tract
(e.g. bladder cancer, renal calculi). Frothy urine is
observed if there is heavy proteinuria. Other causes of
discoloured urine include rifampicin or beetroot
ingestion (pink-red) and cholestatic jaundice (bright/
strongly coloured yellow). Discolouration of urine on
standing may occur in alkaptonuria or porphyria.
• Dysuria (pain whilst passing urine): this classically
occurs in UTI or in urethritis (e.g. in gonococcal
infection).
2. Loin pain: this can occur due to renal calculi (stones),
infection, IgA nephropathy, loin pain haematuria, and
polycystic kidney disease. Renal colic (due to the passage
of a renal calculus through the ureter) is usually agonisingly painful, and patients often require opiates to relieve
the pain.
3. Oedema: occurs if there is volume overload (increased
hydrostatic pressure) or in nephrotic syndrome where
heavy proteinuria leads to reduced oncotic pressure.
4. Symptoms of hypertension, e.g. headache, blurred
vision or ﬁtting (if severe).
5. Symptoms of anaemia (secondary to erythropoietin
(EPO) deﬁciency), e.g. tiredness, dyspnoea.
6. Symptoms of uraemia such as nausea/vomiting, chest
pain associated with pericarditis or confusion due to
uraemic encephalopathy.
7. Symptoms of hyperphosphataemia such as itchiness,
lethargy.

Symptoms 4–7 occur if there is a decline in renal function
such that the kidney cannot perform its basic tasks.
Past medical history (PMH)
Has the patient ever had any renal problems previously?
Have they ever had their kidney function assessed? This
is useful if trying to delineate between acute and chronic
renal failure.
Is there a PMH of diseases which can cause chronic
kidney disease?
• Diabetes mellitus (diabetic nephropathy)
• Hypertension (can be a cause of, or occur as a result
of renal impairment)
• Vascular disease, including peripheral vascular disease,
myocardial infarction, cerebrovascular disease. A past
history of such diseases marks out the patient as an
arteriopath who may also have renovascular disease
• Prostatic hypertrophy (obstructive uropathy)
• Recurrent UTI (chronic pyelonephritis)
• Recurrent renal calculi (nephrocalcinosis)
Is there a PMH of diseases which can cause acute renal
failure?
• Systemic lupus erythematosus (SLE) (50–60% of
patients with SLE have renal involvement)
• Vasculitis
• Infections (hepatitis B/C, HIV)
• Myeloma
Is there a PMH of diseases which can cause nephrosis
(heavy proteinuria)?
• Diabetes mellitus
• SLE
• Amyloid
• Infections (hepatitis B/C, HIV)
• Myeloma
Systems review
It is important to ascertain whether the patient had
any other illness prior to presentation, e.g. pharyngitis
(which may be associated with IgA nephropathy or poststreptococcal glomerulonephritis (GN)), vomiting/
diarrhoea/blood loss (all of which predispose to volume
depletion and pre-renal failure), sepsis (risk factor for
pre-renal failure/ATN) or back pain (which can be associated with myeloma).
Many autoimmune diseases are systemic and affect
multiple organ systems. Thus, there may be non-speciﬁc

symptoms such as fever, night sweats, lethargy and
malaise. A failure to enquire about or recognise the
importance of such relatively non-speciﬁc systemic
symptoms can lead to a delay in diagnosis of some serious
autoimmune diseases, particularly systemic vasculitis.
In addition to systemic symptoms, there may also
be evidence of inﬂammation in other systems such as
joints (arthralgia), eyes (red eyes due to anterior
uveitis, dry eyes due to keratoconjunctivitis sicca), gastrointestinal tract (mouth ulcers, abdominal pain), genitourinary ulcers, skin (photosensitivity rash, discoid
lupus, purpuric rash of vasculitis) or symptoms typical
of a systemic vasculitis (e.g. sinusitis, ear ache, hearing
loss, shortness of breath, haemoptysis). The occurrence
of pulmonary haemorrhage in association with acute
renal failure secondary to a rapidly progressive glomerulonephritis is known as pulmonary-renal syndrome, and
is important to recognise (the causes are described in
detail in case 8).
Drug history
• Has the patient started on any new drugs? Such a
history may suggest acute tubulointerstitial nephritis
(TIN), particularly if associated with a rash. Some drugs
are associated with the development of SLE (e.g.
hydralazine).
• Is the patient taking any nephrotoxic medications?
Angiotensin-converting enzyme inhibitors (ACEI),
non-steroidal anti-inﬂammatory drugs (NSAID), ciclosporin-A (alter renal blood ﬂow); gentamicin, lithium,
amphotericin, cisplatin (directly toxic to tubules);
NSAID, antibiotics, proton pump inhibitors (PPI) (associated with interstitial nephritis); gold, penicillamine
(can cause proteinuria).
• Is the patient taking any drugs which are predominantly excreted by the kidneys, e.g. digoxin or allopurinol? In such cases, the dose of the drug should be reduced
if there is a signiﬁcant renal impairment. The British
National Formulary (BNF) has a speciﬁc section indicating which drugs require a dosage adjustment in patients
with renal impairment.
Social history
• Employment history: certain occupations are associated with an increased risk of developing diseases which
can present with renal problems. For example, livestock
and arable farming is associated with an increased
risk of developing anti-neutrophil cytoplasmic antibody
(ANCA)-associated vasculitis.
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• Smoking history: smoking is a risk factor for renovas-
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cular disease and is associated with pulmonary haemorrhage in patients with Goodpasture’s disease). In contrast,
smoking is protective in pre-eclampsia.
• Intravenous drug use (IVDU) is a risk factor for hepatitis B/C/HIV, which are associated with a variety of GN.
Family history

Monogenic disorders which affect the kidneys
• The most common genetic disorder affecting the

kidneys is adult (autosomal dominant) polycystic kidney
disease (APKD). New mutations occur in only 5% of
cases, although many patients will not be aware of a positive family history of disease. Closer questioning or discussion with older relatives may prompt recall of a family
member who died of ‘kidney trouble’ or ‘brain haemorrhage’. APKD is caused by mutations in one of two genes,
PKD1 (chromosome 16p) and PKD2 (chromosome 4q),
encoding polycystin 1 and polycystin 2 respectively.
Mutations in PKD1 are more common than PKD2,
accounting for 85% of cases of APKD.
• Alport’s syndrome presents with a nephritic syndrome
and is often associated wth sensorineural deafness. It
occurs due to mutations in the genes encoding collagen
chains (mainly type IV) and can be inherited in an autosomal recessive or X-linked fashion.
• Some forms of focal segmental glomerular sclerosis
(FSGS) are also familial, occurring due to mutations in
the genes encoding podocin or nephrin (components of
the slit diaphragm of podocytes).

Polygenic disorders which affect the kidneys
Some disorders occur due to the presence of polymorphisms in more than one susceptibility gene. These polymorphisms are often found as relatively common variants
in the general population, and it is the inheritance of a
speciﬁc combination of a number of these susceptibility
genes which predisposes to disease. Examples of such
polygenic diseases include autoimmune conditions such
as diabetes mellitus and SLE. Some genetic polymorphisms confer susceptibility to a number of different
autoimmune diseases. Therefore a history of one autoimmune disease (e.g. rheumatoid arthritis) in a family
member increases the likelihood of another family
member developing a different autoimmune disease (e.g.
type I diabetes mellitus).

Examination
General features
• Is the patient sick or stable? It is important to identify
this early as some patients with acute renal failure

Box B The classic signs associated with
inﬂammation
The ﬁrst four were described by Celsus in around 30 BC.
The ﬁfth was added by Virchov in 1870.
1. Calor – Heat
2. Dolor – Pain
3. Rubor – Redness
4. Tumor – Swelling
5. Functio laesa – loss of /reduced function

may require high-dependency or intensive treatment
unit (ITU) care.
• Temperature: a fever may indicate infection or systemic
autoimmune disease.
• Nails, hands, and feet: examining for the presence of
splinter haemorrhages, nailfold infarcts, necrotic areas
(signs of vasculitis/endocarditis). Leuconychia (associated with hypoalbuminaemia which may be secondary to
liver failure, nephrotic syndrome or chronic inﬂammatory disease). Small joints of the hands for signs of arthritis (heat, swelling, pain, erythema, the classic signs of
inﬂammation; see Box B) which can occur in some
systemic autoimmune diseases that affect the kidney,
e.g. SLE, rheumatoid arthritis.
• Skin rashes: purpuric lesions (associated with
vasculitis), photosensitivity rash (usually on sun-exposed
areas such as dorsum of forearms, neck and face –
seen in SLE), maculopapular erythematous rash
(drug associated), petechial rash (associated with thrombocytopaenia, e.g. as seen in haemolytic uraemic
syndrome).
• Legs: peripheral oedema (evidenced by swelling of
the ankles/legs or by the presence of sacral oedema in
bed-bound patients). Peripheral oedema may occur
secondary to an increase in hydrostatic pressure (e.g.
right heart failure or volume overload) or if there is a
reduction in oncotic pressure (e.g. liver failure, nephrosis, malabsorption).
• Eyes: conjunctivitis and anterior uveitis both present
with red eyes and can occur in autoimmune conditions
which are also associated with renal involvement (e.g.
rheumatoid arthritis can cause a keratoconjunctivitis and
may be associated with amyloidosis). In addition, fundoscopy should be performed in order to assess whether
there is retinopathy associated with hypertension or diabetes mellitus. The presence of diabetic retinopathy indicates signiﬁcant microvascular disease, and such patients
will usually also have diabetic nephropathy.
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gingival hypertrophy if the patient is on long-term
ciclosporin. SLE and Behçet’s disease are associated
with mouth ulceration. Amyloidosis is associated with
macroglossia.
Cardiovascular system
• Assess intravascular volume status, as volume deple-

tion is a cause of ARF and ﬂuid overload can occur as a
consequence of oligoanuria. Volume status should be
assessed by examining skin turgor, dryness of mucous
membranes, jugular venous pressure (JVP) (elevated JVP
suggests volume overload, low JVP suggests volume
depletion) and blood pressure (BP) (if low or postural
drop then it is likely that there is hypovolaemia). A high
BP can cause CKD or may be associated with CKD of
any cause.
• Heart sounds: murmurs may be audible in endocarditis
(which can be associated with GN due to deposition of
circulating immune complexes in the glomeruli). Mitral
regurgitation or mitral valve prolapse is associated
with APKD. An aseptic endocarditis can occur in SLE
(Libmann Sachs endocarditis).
• Severe uraemia can lead to pericarditis and a pericardial rub (sounds like feet crunching in the snow).
Respiratory system
effusion (ipsilateral reduced expansion,
reduced breath sounds, stony dull percussion note) can
occur in nephrotic syndrome and if there is ﬂuid overload secondary to acute or chronic renal failure.

• Pulmonary

oedema (increased respiratory rate,
reduced oxygen saturations, bibasal crepitations) can
occur if there is volume overload. Coarse inspiratory
crepitations may also occur if there is pulmonary haemorrhage (seen in Goodpasture’s disease and ANCAassociated vasculitis).
• Pulmonary ﬁbrosis (reduced oxygen saturations,
reduced expansion, ﬁne end-inspiratory crepitations)
can be associated with ANCA-associated vasculitis.
Abdominal system
• Hepatosplenomegaly may occur secondary to cirrhosis

with portal hypertension secondary to hepatitis B/C
(both associated with GN) or secondary to amyloidosis
(can affect the kidney, causing nephrotic syndrome and
renal impairment). Splenomegaly may be observed in
SLE.
• Palpable kidneys: occurs in APKD or renal tumour, or
occasionally in amyloidosis.
• Abdominal aortic aneurysm (associated with renovascular disease and retroperitoneal ﬁbrosis).
• Renal bruits +/− femoral bruits: associated with renovascular disease.
• Renal transplant in situ (usually a palpable mass in the
left or right iliac fossa, with overlying ‘hockey-stick’ scar)
(Figure G). There may also be a scar visible from previous
peritoneal dialysis catheter insertion.

• Pleural

Nervous system
• Uraemia can be associated with encephalopathy

(i.e. impairment of conciousness +/− confusion).

Scar fro
previous PD
catheter exit
site
Scar fro
previous PD
catheter
insertion site

J-shaped (’hockey
stick’) scar in the
left iliac fossa,
under which the
renal transplant
is palpable

Appendicecto y
scar
Figure G Abdominal examination in a renal transplant patient. Other signs which should be speciﬁcally sought in a renal transplant patient
include: blood glucose ‘ﬁnger-prick’ test marks (DM is one of the most common causes of ESRF); skin and gums for signs of long-term
immunosuppression (e.g. gingival hypertrophy associated with ciclosporin); evidence of tunnelled line insertion in the neck/upper chest
(used for temporary haemodialysis); evidence of arteriovenous ﬁstula formation in the upper limbs; enlarged kidneys or liver (as seen in
patients with APKD).
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• Mouth: in a renal transplant patient, there may be
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• Deafness

(usually conductive) may occur in
ANCA-associated vasculitis (particularly Wegener’s
granulomatosis). Sensorineural deafness is a feature
of Alport’s syndrome and some rare tubular diorders
(where the same pumps are found in the ear as in
tubular cells).
• Patients
with
long-standing
diabetes
with
associated microvascular disease may have signs of
neuropathy (peripheral or autonomic) as well as
nephropathy.

• Vasculitides (particularly Churg-Strauss syndrome)

are associated with peripheral neuropathy or mononeuritis multiplex.
• Some patients with SLE have neuropsychiatric features, including poor memory and depression.
• Systemic amyloidosis is associated with peripheral
neuropathy (peripheral nerves may enlarge and become
palpable) and/or autonomic neuropathy (evidenced by
loss of heart rate variability and an increase in postural
drop).

Renal disease generally presents in three ways:
• hypertension
• urine
dipstick
abnormalities
(proteinuria/
haematuria)
• abnormal renal function tests/glomerular ﬁltration
rate (GFR).
These clinical features reﬂect a loss of the main roles of
the kidney. Some patients present with only one of each
of the features, but most will have a combination.

Clinical presentations
Hypertension

Asymptomatic hypertension
Hypertension may frequently be picked up at a routine
work medical or in a ‘well-person clinic’ in individuals
who are completely asymptomatic. Idiopathic/primary
hypertension may cause chronic kidney disease (CKD)
and is one of the most common causes of CKD in the
UK, but hypertension may also occur secondary to CKD
of any cause. Hypertension may also occur secondary to
speciﬁc renal problems, e.g. renal artery stenosis.

Symptomatic hypertension
Hypertension may be associated with headache or
blurred vision. Accelerated hypertension/malignant
hypertension occurs when BP is acutely elevated, and is
associated with papilloedema on fundal examination.
Such patients may also begin to ﬁt or be at risk of cerebral
haemorrhage. Causes of accelerated hypertension include
systemic sclerosis, haemolytic uraemic syndrome (HUS),
and eclampsia.
Urine dipstick abnormalities

Proteinuria
The urine normally contains only small amounts of
protein (<150 mg/24 h). This is because large molecular
Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.

weight proteins (>40,000 Da) are not ﬁltered at the
glomerulus, provided there is an intact basement membrane/podocyte slit diaphragm. Smaller proteins, such
as β2-microglobulin or light chains are freely ﬁltered.
Any ﬁltered protein is normally catabolised in the proximal tubule. Any amino acids ﬁltered are fully reabsorbed
in the proximal tubule. Three causes of proteinuria
are possible.
• Glomerular proteinuria. This occurs if there is failure
of the glomerular ﬁltration barrier, allowing inappropriate ﬁltration of proteins. This may be due to damage to
the basement membrane and/or podocyte or if there is a
marked increase in glomerular capillary pressure (e.g. if
there is excess angiotensin II).
• Tubular proteinuria. This occurs when there is a
failure of tubular catabolism and may be due to tubular
cell damage by toxins, e.g. aminoglycosides or heavy
metals, or secondary to some congential tubular disorders, e.g. Fanconi’s syndrome.
• Overﬂow proteinuria. If there are inappropriately high
levels of some proteins in the blood, then there will be
some overﬂow ﬁltration of these proteins. For example,
high levels of light chain in multiple myeloma can lead
to proteinuria, as can high levels of myoglobin (rhabdomyolysis) and haemoglobin (haemolysis).
If proteinuria becomes heavy enough, then the
classic picture of nephrotic syndrome is observed
(see later).

Haematuria
Normally there are only tiny amounts of red cells in
the urine. Detection of blood in the urine, by dipstick
or eye, occurs if there is a defect in the glomerular
barrier allowing ﬁltration of red cells (glomerular
haematuria) or it may occur secondary to pathology
in the lower urinary tract, e.g. urinary tract infection
(UTI), bladder stone or malignancy (urological haematuria), all of which cause bleeding into the tubular/
urinary space.
13
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Microscopic haematuria
This is diagnosed by urine dipstick and the patient will
not have observed any abnormality in the colour of their
urine. There are a variety of causes of microscopic haematuria. If the patient is otherwise asymptomatic then
IgA nephropathy or bladder tumours are common
causes. All causes of macroscopic haematuria (see below)
can also lead to dipstick abnormalities.
Macroscopic haematuria
Blood is visible in the urine. This may be bright red if it
originates from the lower urinary tract (e.g. bladder carcinoma or renal calculi which may be associated with
obstructive nephropathy) or may be ‘coke coloured’ if
originating from the upper urinary tract/glomeruli (e.g.
IgA nephropathy). In IgA nephropathy episodes of macroscopic haematuria often occur 3–4 days following the
onset of pharyngitis. The causes of macroscopic haematuria are described in detail in case 6.
Abnormal GFR
Abnormalities of the ﬁltering function of the kidneys lead
to an accumulation of waste products which would normally be cleared by the kidneys, e.g. urea and creatinine.
When physicians refer to a patient as having renal failure,
this is usually based on the fact that they have an elevated
serum creatinine value, and hence a suboptimal GFR.
Renal failure, as evidenced by a decline in GFR, has tra-

Nor al
renal
function

Days

Weeks

Days

Weeks

Low
GFR

ditionally been classiﬁed in two ways, ﬁrst according to
its temporal progression, i.e. rapidly developing renal
failure over a period of days or weeks is termed ‘acute
renal failure’ (ARF) or ‘acute kidney injury’ whereas a
decline in GFR occurring over months to years is termed
‘chronic renal failure’ or, more recently, ‘chronic kidney
disease’ (CKD) (Figure Ha). The second way in which
renal failure has been characterised is according to its
cause. Thus the terms pre-renal, renal and postrenal
failure have been coined, indicating the anatomical site
at which the aetiological factor is acting (Figure Hb).

Acute renal failure (acute kidney injury)
Acute renal failure may be detected on routine blood
tests in a patient who has non-speciﬁc symptoms such as
malaise, lethargy or headache. Some present with oliguria
and volume overload with shortness of breath due to
pulmonary oedema. Other presentations depend on the
cause. ARF implies by deﬁnition that the patient recently
had normal renal function which has declined over a
period of days to weeks. Hence, review of any previous
renal function tests performed can be helpful in distinguishing between acute and chronic cases. As described
above, causes of ARF can be divided into:
• pre-renal causes, e.g. hypotension of any cause, volume
depletion, sepsis or renovascular disease
• renal causes, e.g. glomerular pathology, tubular pathology, interstitial pathology, vascular pathology

Acute renal
failure

Months

Years

Low
GFR

Chronic renal
failure

(a) Te poral classification

Pre-renal

Renal

Post-renal
(b) Aetiological classification

Figure H Classiﬁcation of renal failure.
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Table B Classiﬁcation of acute kidney injury

• obstructive uropathy (usually secondary to prostatic

Stage

• chronic primary glomerulonephritis, e.g. IgA nephrop-

hypertrophy)
Urine output
criteria

1

Increase of >26.4 μmol/L
(0.3 mg/dL) OR 150–200% of
baseline (1.5–2-fold increase)

<0.5 mL/kg/h >6 h

2

Increase to >200–300% of
baseline (2–3-fold increase)

<0.5 mL/kg/h >12 h

3

>354.4 μmol/L (4 mg/dL) with
an acute rise of at least
44 μmol/L (0.5 mg/dL) OR
>300% of baseline (3-fold
increase)

<0.3 mL/kg/hfor 24 h
or anuria for 12 h

• post-renal causes, e.g. obstruction in the ureter (calculi),

bladder (malignancy), urethra (prostatic hypertrophy
or cancer).
The most common cause of ARF is pre-renal failure +/−
progression to acute tubular necrosis (ATN) which
accounts for between 50% and 80% of cases. Other
causes include primary and secondary glomerulonephritis (GN) (5–10%), obstruction (5–15%), acute tubulointerstitial nephritis (<5%). This will be dealt with in more
detail in the ARF cases in part 2.
More recently, ARF has been ‘re-badged’ as acute
kidney injury (AKI) in an attempt to provide more
uniform standards for diagnosing and classifying AKI.
The hope is that more accurate classiﬁcation will improve
management and outcomes for patients who develop an
acute decline in their renal function. The classiﬁcation
system for AKI was devised by the ﬁrst AKI Network
Conference in 2005 and is summarised in Table B.

Chronic kidney disease
Chronic kidney disease/chronic renal failure can be
completely asymptomatic until its very terminal stages.
Eventually anaemia (tiredness/congestive cardiac failure
(CCF)), uraemia (nausea, reduced appetite, confusion),
phosphate build-up (itchiness), symptomatic hypertension (headache, blurred vision) may prompt the patient
to seek medical attention where a routine blood test
reveals high urea/creatinine, high phosphate and low
haemoglobin, all in-keeping with CKD.
Causes include:
• diabetes mellitis with associated diabetic nephropathy
• hypertensive nephropathy

athy or focal segmental glomerular sclerosis (FSGS)
• APKD
• chronic pyelonephritis
• renovascular disease.

Chronic kidney disease is now classiﬁed into different
stages according to the patient’s GFR and the presence of
urine dipstick abnormalities. These have allowed the
development of suggested management guidelines for
patients with stable CKD, and facilitate the provision of
consistent care in this patient group (Table C).
Combinations of the key presenting features
Many patients with renal disease do not present with
isolated hypertension, urine dipstick abnormalities or
abnormal GFR; rather, they have combinations of these
features. Some typical presentations have been classiﬁed
as syndromes, for example nephrotic and nephritic
syndrome (Figure I).
Useful note: syndromes of any sort are usually deﬁned
by three or more typical clinical features rather than by
the underlying causative pathology.

Nephrotic syndrome (Box C)
This is deﬁned as a triad of proteinuria (>3.5 g/24 h),
hypoalbuminaemia (due to renal protein loss) and
oedema (due to low intravascular oncotic pressure associated with hypoalbuminaemia). Patients often lose other
important proteins in the urine, for example, IgG (antibody) and proteins which control the clotting cascade.
Hence patients with nephrotic syndrome are at increased
risk of both infection (particularly spontaneous bacterial
peritonitis) and thromboembolic disease. Patients will
also have hypercholesterolaemia in addition to the above
features. This is thought to be due to an increase in lipoprotein production by the liver in an attempt to maintain
oncotic pressure. Renal function, as assessed by clearance
of soluble waste products (i.e. urea and creatinine levels),
is usually normal. Nephrotic range proteinuria is usually
glomerular in origin.
Causes include:
• primary GN
䊊 minimal change GN
䊊 membranous GN (most common cause of nephrotic
syndrome in adults)
䊊 FSGS
䊊 mesangiocapillary GN
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Serum creatinine criteria

Case 2

A 74-year-old man with acute
renal failure

In view of the risk of cardiac
arrhythmias associated with
hyperkalaemia, what immediate
measures would you undertake?
• Establish intravenous access.
• Move the patient to a monitored bed so that any

cardiac arrhythmia will be immediately detected.
most quickly achieved by running a venous sample
through the arterial blood gas machine (most emergency
departments have one).
• Perform a 12-lead ECG looking for signs of hyperkalaemia (Box 2.2).
• If the ECG has signiﬁcant hyperkalaemia-associated
changes, then treat the hyperkalaemia before waiting for
the result of the urgent potassium measurement.
The patient’s ECG is shown in Figure 2.1.

What is your ﬁrst concern on being
asked by the nursing staff to see him?
The morning bloods done at the GP surgery show signiﬁcant hyperkalaemia. This may be spurious, due to
haemolysis of a sample in which there has been delay in
processing (potassium is found predominantly within
cells, therefore when red blood cells haemolyse, their
potassium load is released into the blood). Box 2.1 shows
the causes of pseudohyperkalaemia.
However, this degree of hyperkalaemia could be lifethreatening, so it should be considered a genuine result
until proven otherwise, particularly given the severity of
renal impairment present on his blood results. Hyperkalaemia can occur in both acute and chronic renal failure
and should be treated as a matter of urgency because it
can lead to serious cardiac arrhythmias and even cardiac
arrest. Therefore your main concern is: does he have ECG
changes associated with hyperkalaemia? If he does have
hyperkalaemia, he is at risk of having an arrhythmia and
of cardiac arrest.
Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.

What does it show and what treatment
would you give after viewing it?
The ECG shows broadening of the QRS and early ‘sine’
waves consistent with hyperkalaemia. Mr Jones is at risk
of developing a cardiac arrest. He should be given 10 mL
10% calcium gluconate as soon as possible in order to
protect the heart from the development of arrhythmias.
He should then be commenced on an insulin-dextrose
infusion (preferably through a 18 G+ needle inserted into
a large vein; 50% dextrose can be irritant to veins, so it
is best to avoid putting into small veins).

Why does insulin-dextrose
lower serum potassium?
If 50 mL of 50% dextrose is administered intravenously
to a young person with functioning islets of Langerhans,
they will rapidly secrete signiﬁcant quantities of insulin
from their β cells. The dextrose infusion is usually given
with 10 units of a short-acting insulin, e.g. Actrapid, in
case of underlying islet dysfunction, to prevent hyperglycaemia. Insulin stimulates the uptake of potassium from
37
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• Perform an urgent repeat potassium. This is often
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the blood into cells via cell surface sodium-potassium
pumps. Thus both the exogenous and endogenous
insulin will cause a temporary redistribution of potassium. Patients may need repeated treatments if the
underlying cause of the hyperkalaemia is not dealt
with. It should be emphasised that insulin-dextrose is
only a holding measure because the total body potassium
does not fall following its administration, it is merely
redistributed.
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Box 2.1 Causes of pseudohyperkalaemia
1. Prolonged tourniquet time
2. Test tube haemolysis due to delayed processing of the
sample
3. Marked leucocytosis and thrombocytosis: measure
plasma (liquid component of unclotted blood)
not serum (liquid component of clotted blood)
concentration in these disease states
4. Sample taken from a limb infused with IV ﬂuids
containing potassium

Box 2.2 ECG changes associated with
hyperkalaemia
•
•
•
•

Tenting of T waves
Prolonged P-R interval
Widening of QRS complex
‘Sine’ waves

In Mr Jones’ case, the cause of hyperkalaemia is
likely to be renal failure given his elevated urea and
creatinine.

What other causes of hyperkalaemia
do you know?
The causes of hyperkalaemia are summarised in Box 2.3.
As mentioned above, 95% of the body’s potassium is
found within cells. Thus, if there is massive cell lysis (as
seen in rhabdomyloysis when muscle is damaged or in
tumour lysis syndrome when cancer cells are lysed following the administration of chemotherapeutic agents),
potassium will be released into the blood. K+ can also
exit cells in exchange for H+ if there is acidosis, in an
attempt to buffer the elevated H+ ions in blood. K+
excretion occurs in the kidney and acidosis will lead to a
reduced renal excretion of K+ as H+ is preferentially
excreted instead.
Renal failure can cause hyperkalaemia because a
reduction in GFR will lead to a reduced delivery of Na+
to the distal nephron. This results in reduced Na+ resorption and therefore a lower K+ excretion by the distal
convoluted tubule Na/K-ATPase (see Part 1, Figure D).
An isolated reduction in function of the Na/K-ATPase
pump can also lead to hyperkalaemia, e.g., as seen in
Addisons disease, where there is aldosterone deﬁciency,
or following the use of drugs which indirectly block aldosterone production by inhibiting the synthesis or action
of angiotensin II, e.g. ACEI or ARB.
In practice, hyperkalaemia is often caused by a combination of factors, e.g. renal failure plus an ACEI.

I

aVR

V1

V4

II

aVL

V2

V5

III

aVF

V3

V6

II

Figure 2.1 An ECG with tented T waves and wide QRS complexes (>3 small squares, i.e. >0.12 seconds).
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Movement of K+ out of cells
A. Acidosis: H+ transported into cells at the expense of
K+ efﬂux
B. Cell death causes release of K+, e.g. rhabdomyolysis,
tumour lysis syndrome
Failure of K+ excretion by kidney (distal convoluted
tubules)
C. Renal failure
D. Aldosterone deﬁciency
E. Potassium-sparing diuretics, e.g. spironolactone
F. ACEI, ARB
Excess intake of K+ from gut

Box 2.4 Treatment of hyperkalaemia
1. 10 mL 10% calcium gluconate (cardioprotectant)
intravenously
2. 50 mL 50% dextrose + 10 u Actrapid
3. Consider salbutamol nebulisers if IV access difﬁcult
4. In chronic hyperkalaemia, give advice on low-potassium
diet and consider calcium resonium to prevent GI
absorption
5. Stop any drugs associated with hyperkalaemia, e.g.
ACEI, ARB, postassium-sparing diuretics such as
spironolactone or amiloride

In the unlikely scenario that IV access
cannot be immediately established,
what alternative therapy could you use
to bring down his potassium?
Salbutamol acts on β2-adrenoreceptors and has the same
effect as insulin, in that it stimulates potassium uptake
by cells. However, it is only effective if used at relatively
high doses, e.g. 2 × 5 mg salbutamol nebulisers given
almost back to back. Patients tend to become rather
tremulous and tachycardic and tolerate such high doses
poorly.
The treatment of hyperkalaemia is shown in Box 2.4.

What questions would you ask?
Mr Jones’ bloods show signiﬁcant renal impairment.
The history, examination and investigations should aim
to answer three main questions.
• Is this acute or chronic renal failure?
• Why does he have renal failure? A pre-renal (hypotension/hypovolaemia), renal or post-renal (obstruction)
cause?
• Does he have any symptoms as a result of his renal
impairment?
Is this acute or chronic renal failure, or perhaps
acute-on-chronic renal failure?
This is important to establish because many cases of
acute renal failure are reversible, if the precipitating/
aetiological factors are rapidly remedied. If the patient
has no past medical history of renal disease or of diseases
which commonly cause chronic kidney disease (e.g. diabetes mellitus, hypertension, prostatic disease), then an
acute pathology is more likely. Unfortunately, symptoms
such as lethary or vomiting can be associated with both
acute and chronic renal impairment. If a patient gives a
short history of rapid-onset oligoanuria over a period of
days, then an acute cause is more likely. Ultimately, the
only deﬁnitive demonstration of the acute nature of renal
failure is the availability of previous blood test results
showing a recent normal creatinine. Chronic kidney
disease also tends to be associated with small kidneys on
US scan.
Why does he have renal failure?
The GP letter stated that he had a previous history of
prostatic disease so a post-renal cause, i.e. obstructive
uropathy, is high on the list of possible causes of his renal
impairment. Overall, obstruction is the underlying cause
in around 5–10% of patients with ARF. In elderly males,
up to 30% of cases of ARF may be due to urethral
obstruction. It is therefore important to ask about urinary
symptoms such as frequency, nocturia, terminal dribbling, hesitancy or poor stream. ‘Can you still hit the wall
in a public toilet?’ is a useful question to assess urinary
stream.
• Pre-renal cause? Has he had any recent illnesses
which might cause volume depletion or hypotension, e.g.
vomiting, diarrhoea?
• Renal cause? Is there a history of recent pharyngitis
or infection which might precipitate a postinfectious
GN? Does he have any symptoms suggestive of a systemic
inﬂammatory/autoimmune disease? A past medical
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Box 2.3 Causes of hyperkalaemia
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history of MI/CVA/PVD increases the probability of
atherosclerotic renovascular disease.
• Family history. There are a number of inherited causes
of CKD, for example autosomal dominant polycystic
kidney disease, Alport’s syndrome and familial FSGS,
although these are less likely to present for the ﬁrst time
in a patient of this age.
• Drug history. Some medications can be associated
with CKD including NSAID, ciclosporin, lithium; others
can cause ARF due to interstitial nephritis, e.g. PPI and
antibiotics.
• Smoking history. Smoker? (associated with atherosclerosis and therefore renovascular disease) Alcohol?
(chronic liver disease and liver failure can be associated
with renal impairment).

• Symptomatic uraemia: evidenced by pericarditis (characterised by a pericardial rub, which classically sounds
like feet crunching in the snow, coinciding with each
systole). Uraemia can also cause encephalopathy which
may cause the patient to be confused (assess this with a
mini mental test) or have asterixis (ﬂap).
• In addition, hyperkalaemia refractory to medical
treatment should also be treated with dialysis.

Does he have any symptoms associated with
the complications of renal failure?
• Symptomatic uraemia: nausea, loss of appetite, symptoms associated with uraemic pericarditis (sharp chest
pain, worse on lying down, breathlessness) or uraemic
encephalopathy (confusion, drowsiness, ﬁtting).
• Acidosis: patients may hyperventilate in an attempt to
blow off CO2 and compensate for their metabolic
acidosis.
• Volume overload: ankle swelling, pulmonary oedema
causing shortness of breath.
• Anaemia: can be associated with shortness of breath,
angina and tiredness.
• Hyperphosphataemia: secondary to hyperparathyroidism can cause very troublesome itchiness.

He has an ultrasound scan
performed urgently (Figure 2.2).
What does this show?

What features of the examination
might indicate that Mr Jones needs
urgent dialysis?
Dialysis provides a means by which water, K+, urea and
H+ can be removed. Whether renal failure is acute or
chronic, there are certain features which suggest that
urgent dialysis is likely to be required.
• Pulmonary oedema: as evidenced by hypoxia, elevated
respiratory rate and bibasal coarse inspiratory crackles in
the chest.
• Severe acidosis: the kidneys are responsible for the
excretion of acid. Therefore, in renal failure there is a
metabolic acidosis. In an attempt to reduce the H+ ions
in the blood, there will be respiratory compensation, i.e.
the patient will hyperventilate to blow off CO2 (which is
an acidic gas; Box 2.5) and may have a respiratory rate of
30–40 rpm.

Box 2.5 The Henderson – Hasselbach equation
demonstrates why CO2 is an acidic gas
CO2 + H2O ↔ H2O2 ↔ H+ + HCO3−

The ultrasound scan shows a kidney of normal size (10–
12 cm) with some preservation of corticomedullary differentiation but gross hydronephrosis (Figure 2.2a) and
a full bladder post attempted micturition (Figure 2.2b).
The other kidney is also hydronephrotic on US, and both
ureters are dilated. This is suggestive of distal obstruction
(i.e. at the level of the urethra or beyond). Other causes
of obstruction with their typical US patterns are shown
in Figure 2.3.

What would you do next
for Mr Jones?
Mr Jones has an ultrasound scan which suggests that the
most likely cause of ARF is urethral outﬂow obstruction.
Therefore a urinary catheter should be inserted. Given
his history of prostatic disease, this may not be easy and
may require urology input (Figure 2.4). If a catheter
cannot be placed per-urethrally due to the size of the
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(a)

(b)

Figure 2.2 Ultrasound scan of the renal tract showing (a) pelvicaliceal dilatation of the kidney (dark space centrally in the kidney) and
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(b) a full bladder.

prostate, then a suprapubic catheter is placed directly
into the bladder through the skin.
He will also need repeated U+E measurements to
ensure resolution of hyperkalaemia with treatment.

What is the main problem which
can develop following resolution
of obstruction by insertion of
a urinary catheter?
Following treatment of urinary obstruction by insertion
of a catheter, patients frequently become polyuric due to
temporary tubular dysfunction.
In the 8 hours following catheterisation, Mr Jones
passes 6 litres of urine and unless he is placed on an
adequate ﬂuid replacement regimen, he will be at risk of
developing pre-renal failure due to intravascular volume
depletion. Thus his ﬂuid balance should be carefully
monitored and he is likely to require intravenous ﬂuids
in addition to encouraging increased oral intake.

What is the most likely cause
of his renal failure?
Obstruction is still the most likely cause of his renal
failure, given his previous history. Patients with advanced
pelvic malignancy may develop functional obstruction in
the absence of hydronephrosis because the urinary tract
becomes encased in an inﬂammatory inﬁltrate or with
metastases, thus preventing the development of hydronephrosis. Functional obstruction can be demonstrated
using a nuclear medicine scan such as a MAG3 showing
delayed tracer excretion to the bladder or encasement
of the ureters or other retroperitoneal disease can be
visualised on a CT scan.

A MAG3 scan shows obstruction.
How should he be treated?
Mr Jones should be treated by insertion of percutaneous
nephrostomies. This may lead to a similar polyuric
period and thus his ﬂuid balance should be carefully
monitored. A nephrostomy will temporarily relieve
obstruction but a long-term solution is achieved through
the insertion of stents into the ureters, either in an
anterograde fashion via the nephrostomy or in a retrograde manner via cystoscopy.
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Causes within the lu en:
• calculus
• blood clot
• tu our (bladder, ureter, renal pelvis)

Causes within the wall:
• pinhole urethral eatus
• urethral stricture
• neurogenic bladder
• ureteric stricture
• pelviureteric neuro uscular dysfunction
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Ureters

Bladder
Prostate
Urethra

Causes outside the wall:
• pelvic tu ours, e.g. cervical Ca2+
• prostatic enlarge ent
• Crohn’s diseases
• retroperitoneal fibrosis
• aortic aneurys s
• abdo inal alignancy e.g.
colonic Ca2+ or ly pho a

(a) Nor al

(b) Obstruction at or below the level
of the urethra

(c) Obstruction at the level of the
bladder or lower ureter

(d) Obstruction at the level of the
upper ureter

Figure 2.3 Causes of obstruction (which occur at different sites in the upper and lower urinary tract) and patterns of dilation observed
depending on the level of obstruction (b–d).
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1 Patient’s seru placed onto
neutrophils, allowing
neutrophil-specific antibodies
to bind to their target antigen

2 Fluorescently tagged
secondary antibody
(anti-Fc) applied

The patient’s clinical presentation may not include all the
classic symptoms outlined in Table 5.1. It is therefore
extremely important look for a positive ANCA and to
perform a biopsy (often renal or nasal) to conﬁrm the
diagnosis of vasculitis. ANCA may be negative in 10–15%
of patients with small vessel vasculitis, emphasising the
importance of biopsy and history/examination.

3 I

unofluorescence staining pattern observed

Perinuclear = pANCA

Cytoplas ic = cANCA

Myeloperoxidase

Proteinase-3

4 Antigen-specific ELISA allows quantification
of the ANCA titre

Figure 5.4 Methods used to identify the subtype of ANCA.

What is vasculitis?
Vasculitis involves inﬂammation of blood vessels. Vasculitides are classiﬁed according to the size of the vessel
involved (Table 5.1, Figure 5.5). Clinically, the vasculitic
syndromes can have overlapping clinical features, making
a precise diagnosis uncertain.
Historically, prior to the identiﬁcation of ANCA, the
small vessel vasculitides were differentially classiﬁed
according to their clinical presentation. Patients with
Wegener’s granulomatosis typically have a triad of:
• renal impairment
• upper respiratory tract involvement (sinusitis, nasal
crusting, epistaxis, deafness)
• lower respiratory tract involvement (nodules, ﬁbrosis,
haemorrhage).
Although clinicians still use the terms Wegener’s granulomatosis or microscopic polyangiitis, in general, the
small vessel ANCA-associated vasculitides are now
grouped together, because their treatment is identical.

Patients with AAV have different degrees of disease severity, ranging from ENT-limited disease through to lifethreatening pulmonary haemorrhage and renal failure.
The overall treatment is with immunosupressive agents,
but the agent, dose and duration depend on disease
severity. Mr Williams has severe organ-threatening
disease and should therefore receive immunosuppression
with corticosteroids and cyclophosphamide. A typical
regimen consists of oral steroids (prednisolone 1 mg/kg/
day, maximum 60–80mg, tapering to 15 mg od by 3
months, reducing more slowly thereafter) along with oral
or intravenous cyclophosphamide. Patients who present
with a creatinine of >500 μmol/L or with pulmonary
haemorrhage should also receive plasma exchange. At 3
months, the patient should be switched from cyclophosphamide to a less toxic immunosuppressant such as
azathioprine or mycophenolate mofetil. Maintenance
therapy should be continued for a minimum of 12–18
months after a stable remission has been achieved in
order to reduce the risk of relapse.
Immunosuppressive treatments are associated with
signiﬁcant side-effects, particularly cytopaenias and an
increased susceptibility to infections. Cyclophosphamide
is associated with haemorrhagic cystitis and subsequent
increased risk of bladder cancer. Patients are also at
increased risk of myeloproliferative disorders later in life
and are at risk of infertility (especially with higher cumulative doses of cyclophosphamide). Corticosteroids are
associated with osteoporosis, hypertension, glucose
intolerance/diabetes mellitus, gastric ulceration, dyslipidaemia, central obesity, thinning of the skin and easy
bruising. According to guidelines published by the Royal
College of Physicians, in view of his age (>65 years) and
his commitment to oral glucocorticoid therapy for a
period of greater than 3 months, Mr Williams should
commence bone-protective therapy at the time of starting steroids.
More recently, newer treatments for patients with
recurrent relapses or resistant disease have been devel-
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Given the diagnosis of an ANCAassociated vasculitis, how would you
treat this patient?
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Table 5.1 Classiﬁcation of vasculitides
Vessel size

Vasculitis

Clinical features

Investigations

Small

Wegener’s granulomatosis

Upper respiratory tract (sinusitis, nasal
crusting), Lower respiratory tract
(nodules, ﬁbrosis, haemorrhage), renal
failure
Vasculitis skin rashes, joint pains, renal
failure

Elevated ESR, CRP, cANCA
Biopsy shows small vessel vasculitis with
granulomata

Microscopic polyangiitis

Elevated ESR, CRP, classically pANCA
(20% cANCA)
Histology: arteriolitis
Elevated ESR, CRP, eosinophilia, p or
cANCA
Histology: eosinophilic vasculitis

Asthma, polyneuropathy, GI involvement,
e.g. eosinophilic gastritis

Medium

Polyarteritis nodosa

Non-speciﬁc symptoms such as malaise,
fevers, sweats, weight loss, abdominal
pain

Mesenteric angiography demonstrating
splenic/renal microaneurysms

Large

Takayasu’s arteritis

Often asymptomatic
Affects large arteries from heart (e.g.
subclavian)
Typically affects young women. More
common in Far East
Headaches, tender scalp, visual
disturbance+/− stiffness in shoulders
or neck. Age >60 years

MRA or angiography demonstrating large
vessel stenosis

PA R T 2 : C A S E S

Churg–Strauss syndrome

Giant cell arteritis (temporal
arteritis)

The patient asks if the disease is
curable. What advice do you give him?

Capillary
Arteriole
S all artery
Large to
ediu -sized
artery

Venule
Vein

Microscopic polyangiitis*
Wegener’s granulo atosis*
Churg–Strauss syndro e*

Aorta

Elevated ESR
Temporal artery biopsy

Polyarteritis nodosa
Giant cell arteritis
Takayusu arteritis
Figure 5.5 Classiﬁcation of vasculitis. * ANCA associated.

oped. These include the B cell-depleting agent rituximab
and the TNF-α neutralising monoclonal antibody inﬂiximab. Rituximab is a chimaeric monoclonal anti-CD20
antibody, originally developed as a treatment for B cell
lymphomas. CD20 is found on the surface of B cells but
not plasma cells, so serum IgG levels tend to remain
normal in spite of B cell depletion. Rituximab seems to
be useful in the treatment of a number of autoimmune
diseases including vasculitis, rheumatoid arthritis, multiple sclerosis and SLE.

Although most patients will respond to treatment with
steroids and cyclophosphamide (90% will achieve remission by 6 months), AAV is a relapsing and remitting
disease. Fifty to 60% of patients will have a disease relapse
at some stage (more common in Wegener’s granulomatosis (60–70% of patients) than in microscopic polyangiitis (30%)).
Most outcome studies now report a 5-year survival rate
in AAV of approximately 70%. Untreated, the disease has
a mortality rate of 80–90% in the ﬁrst year, so although
immunosuppressant treatments have many side-effects,
the risk–beneﬁt balance is in favour of treatment.
Factors associated with a worse outcome include:
• older age
• sepsis
• pulmonary haemorrhage
• creatinine >200 μmol/L at presentation
• presence of end-stage renal failure
• higher % of glomeruli with crescents/prominent interstitial ﬁbrosis/prominent glomerulosclerosis on renal
biopsy.

Irreversible dialysis-dependent renal failure essentially
halves the 5-year survival rate to 35%. Between 55% and
90% of patients requiring dialysis during the acute phase
of disease will become dialysis independent, with between
40% and 70% remaining dialysis independent at 3 years.
About 25% of patients with WG eventually reach ESRF.

What do you know about the
aetiopathogenesis of
ANCA-associated vasculitis?
The frequency is more common amongst certain occupations (farmers: relative risk (RR) 2.3, livestock: RR 2.9,

silica: RR 3.0), implying that environmental factors may
play some role in disease pathogenesis.
There is some evidence that infections may be involved
in disease pathogenesis; nasal carriage of Staphylococcus
aureus is present in 65% of patients with WG versus 20%
of controls. Furthermore, in patients with WG, nasal carriage of Staph. aureus is strongly associated with disease
relapse. The relevance of this observation has been clariﬁed by investigators who have shown that in the presence
of TNF-α (which is a cytokine released during infections), PR3 and MPO are translocated to the surface of
neutrophils and thus become visible to the immune
system. ANCA may then bind to these surface-exposed
antigens and cause disease by inducing degranulation of
primed neutrophils adherent to, or transmigrating
through, the vascular endothelium damaging vessels.
The identiﬁcation of ANCA which speciﬁcally recognises LAMP-2 and which cross-reacts with FimA (a bacterial protein), has led to the suggestion that ANCA may
develop due to molecular mimicry. That is, an immune
response is mounted against a pathogen which antigenically mimics self-antigen.

CASE REVIEW
A 68-year-old man presents with hearing loss, arthralgia
and fatigue. On examination, he was febrile, and had
splinter haemorrhages and some crepitations in the lungs.
Investigations demonstrated acute renal failure and
elevated inﬂammatory markers. He was cANCA positive

with an elevated PR3 antibody titre. Renal biopsy showed
a pauci-immune necrotising crescentic GN in keeping with
a diagnosis of ANCA-associated vasculitis. He is treated
with intravenous corticosteroids and cyclophosphamide.

KE Y P OINTS
• Vasculitis (inﬂammation of the blood vessels) can present
with a wide variety of systemic symptoms, which are
often non-speciﬁc. The diagnosis can therefore be difﬁcult
and delayed.
• Three different types of small vessel vasculitis have been
distinguished, according to their clinical presentation:
䊊 Wegener’s granulomatosis
䊊 microscopic polyangiitis
䊊 Churg–Strauss syndrome.
• These small vessel vasculitides are frequently associated
with the presence of an autoantibody, antineutrophil
cytoplasmic antibody (ANCA), and are therefore grouped
together as ANCA-associated vasculitis (AAV).
• AAV occurs in around 20 per million population in the
UK. This rate appears to be increasing, although this may

reﬂect an increased awareness of the diagnosis and an
increased availability of one of the diagnostic tests
(ANCA). The frequency of AAV increases with increasing
age (120 pmp in >65-year age group) and is more
common amoungst certain occupations such as farmers
and those dealing with livestock.
• Treatment depends on severity of disease but severe,
organ-threatening disease requires the use of high-dose
corticosteroids and cyclophosphamide for the ﬁrst
3 months followed by azathioprine or mycophenolate
mofetil.
• AAV previously had an extremely poor prognosis;
untreated, the 1-year mortality rate was between 80%
and 90%. With current treatment, the overall 5-year
survival rate in AAV is now approximately 70%.
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Case 6

A 19-year-old man with macroscopic
haematuria

What questions would you
ask the patient?
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• Conﬁrm the nature of the haematuria: bright red

blood or smoky, ‘coke-coloured’ urine?
• Duration: when did he ﬁrst notice blood in his urine?
• Associated symptoms: loin pain, bladder pain, dysuria.
• Any history of previous similar episodes?
• Other systemic symptoms, e.g. fever, rigors, joint pain,
red eyes?
• Any history of recent illness, particularly infections?
• Family history of renal disease or renal stones?
• Drug history, including recreational drugs.
• Smoking history and particularly occupational history.

The most common causes of macroscopic haematuria
are summarised in Figure 6.1. A full differential for haematuria is as follows (going from proximal to distal in
the renal tract).
Renal

Tumours
• Malignant: renal cell carcinoma (most common renal

tumour) or transitional cell carcinoma.
(hamartomatous lesion,
which can grow to great size and be associated with major
haemorrhage).

• Benign: angiomyolipoma

Stones
Stones form within the collecting system. They may cause
infection or, if they become large, obstruct the ﬂow of
urine. Stones can cause haematuria both during infections and by directly irritating the mucosa.

Infection
Pyelonephritis results from bacteria ascending from the
bladder (vesicoureteric reﬂux). Painless haematuria may
occur, but patients will usually also experience loin pain,
fever, dysuria and urinary frequency.

Inﬂammation

What are the main differential
diagnoses for macroscopic haematuria?
Haematuria is divided into macroscopic (where the
urine is obviously discoloured) and microscopic (where
the blood is found only on dipstick or microscopy
examination).

Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.
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• Glomerulonephritis (GN): nephritic GN tends to
present with microscopic haematuria without renal pain.
Macroscopic haematuria is classically associated with two
particular forms of GN: IgA nephropathy and postinfectious GN. Very rarely, thin basement membrane disease
can present in this way (although this usually presents
with asymptomatic microscopic haematuria) and any
nephritic GN can present with macroscopic haematuria.
The presence of glomerular haematuria is conﬁrmed by
the presence of red cell casts on urine microscopy. Urine
may look smoky or coke-coloured.
• Interstitial nephritis: inﬂammation affecting the interstitium and sparing the glomeruli. Frequently caused by
drugs (more commonly presents with microscopic rather
than macroscopic haematuria).
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Inﬂammation
Renal: cysts, stones,
alignancy, infection,
glo erulonephritis

Ureter: stones,
alignancy

A number of drugs can cause haemorrhagic cystitis, for
example cyclophosphamide.

Bladder tumours
These tend to present with painless haematuria. Nearly
all are transitional cell cancers, with smoking and aromatic hydrocarbon exposure being risk factors.
Prostate
• Tumours.
• Benign prostatic hyperplasia: can cause haematuria,
usually painless.

Prostate: alignancy,
benign hypertrophy

Spurious
• Eating beetroot.
• Rifampicin treatment.

Non-pathogenic
• Post bladder catheterisation: a trace of blood in the

Figure 6.1 Most common causes of macroscopic haematuria.

urine is extremely common post catheterisation
• Menstruation.

Cystic disease
A number of genetic diseases (classically autosomal dominant polycystic kidney disease (ADPKD)) can lead to
renal cysts which can become very large. Patients can
then bleed into the cysts, causing pain and haematuria.

Trauma
This may either occur in the context of external trauma,
e.g. post-RTA, or following a renal biopsy. About one in
ﬁve patients will have haematuria post biopsy.

Vascular
Vasculitis can be associated with haematuria, usually
microscopic and with red cell casts in the urine. Arteriovenous malformations can also present with
haematuria.
Ureter
• Stones: nearly always present with pain which may be

severe.
• Malignancy.

Bladder

Infection
Infection-related cystitis is usually associated with pain,
dysuria, frequency, and in men is commonly associated
with bladder outﬂow obstruction. Schistosomiasis is a
common cause worldwide.

In a young man with macroscopic haematuria, prostatic
problems and malignancy are less likely. Infection,
stones, cystic disease and glomerular haematuria move
to the top of the differential diagnostic list. Gary has had
no symptoms typical of pyelonephritis, and his pain is
bilateral (therefore unlikely to be stone related). These
features do not exclude the diagnoses of infection or
stones, but make the clinician alert to the possibility of a
GN or polycystic kidney disease. Although he has no
positive family history, ADPKD can arise from a new
mutation. The patient gives a history of pharyngitis,
which can be associated with a post-infectious GN, if
caused by a nephritogenic strain of β-haemolytic streptococcus, or with a ﬂare of IgA nephropathy.

What features are important to seek
during clinical examination?
Given the patient has had haematuria, you should ﬁrst
assess whether he is haemodynamically stable. The
history he gives isn’t one of a massive bleed, but any
patient who presents with a story of blood loss should
be assessed to ensure they are not intravascularly
volume depleted, i.e. look for the presence of tachycardia,
hypotension (particularly the presence of a postural
drop), and whether the patient is peripherally shut down
(feel his hands – are they cold and clammy or well
perfused?).
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Bladder: infection,
stones, alignancy
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Following this assessment, provided the patient is haemodynamically stable or once you have made him stable
with ﬂuid resuscitation, important points in the examination include a search for systemic diseases or infections
which can lead to glomerular haematuria, (e.g. vasculitis,
SLE or pharyngitis, endocarditis, cellulitis).
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General
• Temperature? Fever can occur in infection or systemic
inﬂammatory disease.
• Lymph nodes? Particularly cervical given history of
pharyngitis.
Peripheries
• Hands and eyes for clinical evidence of anaemia (pallor
of skin creases or conjunctiva).
• Hands/feet/nails for splinter haemorrhages, nailfold
infarcts, necrotic areas (signs of vasculitis/endocarditis).
Leuconychia or Beau’s lines (associated with hypoalbuminaemia which may occur with any chronic inﬂammatory/autoimmune disease).
• Rashes: particularly purpuric lesions which may be
associated with vasculitis, or photosensitivity rashes associated with SLE.
• Other peripheral signs of endocarditis including
Osler’s nodes (painful erythematous nodules, often in the
ﬁnger pulps), Janeway lesions (ﬂat, non-tender, erythematous patches, typically on the thenar or hypothenar eminences), Roth spots (focal retinal infarcts). All of these
lesions occur because small emboli break off the friable
vegetation, circulate around the body and become lodged
in the capillaries supplying the skin, retina, etc.
Face
• Inspect the throat in order to conﬁrm pharyngitis and

assess its extent. Swabs could be taken for culture at this
time. Mouth ulcers are associated with SLE.
• Nose: is there collapse of nasal bridge or nasal crusting
(associated with vasculitis)?
• Facial sinuses (tenderness, can be a feature of
vasculitis).
• Eyes: red eyes (anterior uveitis) which may be associated with vasculitis.
Cardiovascular system
Intravascular volume status has been assessed above.
Heart sound abnormalities and added sounds may indicate endocarditis. Valvular heart disease (typically mitral
valve prolapse) also occurs in ADPKD.

Respiratory system
Full examination for signs of infection or ﬁbrosis (the
latter can occur in systemic vasculitis).
Abdomen
Organomegaly or masses? Particularly splenomegaly
(associated with endocarditis and SLE) or renal enlargement, which may occur if there is polycystic kidney
disease or a renal tumour. Large renal AVM may be
associated with a bruit.

What initial investigations
would you request?
Blood tests
• Full blood count
• Clotting tests (occasionally haematuria can occur in a
structurally normal urinary tract, if the clotting function
is abnormal. This typically occurs in a patient who is
anticoagulated with warfarin)
• Renal function
• LFT, including albumin
• Glucose (diabetes is a rare cause of papillary necrosis
which can present with microscopic haematuria)
• Calcium and phosphate (many renal stones contain
calcium, so you need to ensure that serum calcium and
phosphate are normal)
• Inﬂammatory markers: CRP (raised in infection)
Microbiological tests
Given that he has a fever and an obvious tonsillitis, he
should have blood cultures, a throat swab, an ASO titre
measured (associated with streptococcal infections), and
an MSU sent for culture.
Urine dipstick
To conﬁrm haematuria and provide other clues as to the
underlying cause. For example, in a urinary tract infection the dipstick will often be nitrite or leucocyte positive.
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Urine microscopy
Speciﬁcally looking for red cell casts indicative of glomerular pathology as well as white cells and bacteria
(UTI) or crystals (stone disease).
ECG
Useful investigation in any patient with possible renal
disease, e.g. may show signs of hyperkalaemia if the
patient has acute renal failure.
CXR
To ensure no obvious signs of infection. Again, a useful
baseline investigation in a patient who is unwell.

leucocytes in his urine makes a UTI unlikely. The presence of blood and protein in the urine favours a glomerular pathology, renal cystic disease or stones. The absence
of red cell casts in the urine does not rule out glomerular
inﬂammation as this investigation is very much dependent on the skill of the technician and is frequently negative in the presence of ﬂorid glomerulonephritis. The
concurrent pharyngitis and history of a similar episode
previously make IgA nephropathy the most likely diagnosis. Stones and cystic disease remain a possibility
although the bilateral pain and abnormal renal function
make the former unlikely (this would mean the patient
would have bilateral stones which are either acutely
obstructing the kidneys or have previously obstructed the
kidneys or caused UTI, leading to chronic damage).

What further specialist investigation
would you undertake?
×
×

Given his history of haematuria and loin pain, and the
signiﬁcant renal impairment present, the patient should
have a US scan of his renal tract to assess the size of the
kidneys and if there is obstruction or any structural
abnormalities such as cystic disease. Unless the US scan
identiﬁes any obvious non-glomerular cause for his haematuria, he should proceed to a renal biopsy in order to
ascertain the cause of his renal impairment and the
degree of chronicity.
A renal autoimmune screen should also be performed,
including ANA, ANCA, complement (C3/C4), immunoglobulins, anti-GBM antibodies, rheumatoid factor,
cryoglobulins, C3 nephritic factor.
He has 2+proteinuria on dipstick which should be
quantiﬁed.

How would you interpret these results
and how would they help in reﬁning
your differential diagnosis?
The investigations show a neutrophil leucocytosis and an
elevated CRP, consistent with current infection (probably his tonsillitis). He also has signiﬁcant renal impairment. For a man of his age, a creatinine of 266 μmol/L
would give him an eGFR of 28 mL/min/1.73 m2, corresponding to stage 4 CKD. We do not know if this is acute
or chronic, given that he has never had his renal function
formally assessed previously. In favour of this being acute
is his young age and good health prior to this episode.
However, the previous history of a similar episode at the
age of 15 raises the possibility of a chronic process. In
terms of his urine dipstick, the absence of nitrites and

How would you interpret these results?
The kidneys are of normal size and cortical thickness on
US, suggesting that he does not have chronic renal
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In patients with GN, there may be proteinuria as well as
haematuria.
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Given the result of the biopsy and
additional blood tests, how would
you treat this patient?

Figure 6.2 Silver stain ×40 showing a glomerulus with a crescent
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occupying the right half.

The investigations are consistent with a diagnosis of crescentic IgA nephropathy. He has signiﬁcant impairment
of renal function which has further declined during the
admission. Treatments in IgA nephropathy may be
divided into those aimed speciﬁcally at the disease process
and those used to treat associated complications such as
proteinuria and hypertension. In terms of the latter,
agents such as ACEI and ARB, alone or in combination,
can reduce urinary protein excretion and slow the decline
in renal function, particularly in those patients with
hypertension and IgA nephropathy.
Treatment of IgA nephropathy is controversial and
there is a lack of randomised controlled trials to guide
clinicians. However, in a patient with acute crescentic
IgA nephropathy and declining renal function, most
nephrologists agree that a trial of immunosuppressive
treatment is warranted. Typically this would be with
corticosteroids and cyclophosphamide, although azathioprine and mycophenoate mofetil have also been used.
In some patients, recurrent episodes of bacterial tonsillitis precipitate frequent ﬂares of disease. In such individuals tonsillectomy may not only protect from episodic
haematuria, but may also have longer term renoprotective effects.

mesangial positivity.

The patient asks you whether his kidney
function will continue to deteriorate,
requiring dialysis. What advice would
you give him?

damage. The biopsy shows a crescentic GN which may
be due to a primary GN (idiopathic crescentic GN or IgA
nephropathy), but more commonly occurs secondary to
small vessel vasculitis, Goodpasture’s disease or SLE. The
immunostaining is extremely helpful in distinguishing
between these diagnoses since pauci-immune staining
(no IgG/M/A, no complement) occurs in small vessel
vasculitis, linear IgG staining in Goodpasture’s disease,
strong IgA staining in crescentic IgA nephropathy and
full-house staining (positive for IgG/M/A, C1q, C3, C4)
in SLE. In this particular case, immunostaining shows
IgA deposition, making this a case of crescentic IgA
nephropathy. Around 35–50% of patients with IgA
nephropathy have a polyclonal elevation of serum IgA (as
seen in this case).

Acute renal failure, such as that seen in our patient, is a
presentation of IgA nephropathy occurring in <5% of
cases. In this subgroup of patients, renal biopsy generally
demonstrates cellular crescents. A number of studies
suggest that patients with crescentic IgA nephropathy
tend to present with more severe hypertension, proteinuria and renal impairment.
Prognosis in IgA nephropathy is very variable.
However, overall it is estimated that 20–40% of patients
with IgA nephropathy progress to ESRF over 10–20 years.
Poor prognostic features include heavy proteinuria, renal
impairment, hypertension and increasing age. A number
of studies suggest that crescentic IgA nephropathy carries
a relatively worse prognosis, with some series suggesting
that up to 75% of patients had reached ESRF at 10 years.
Flares of disease can be precipitated by a number of
factors including infections (typically tonsillitis, but also

Figure 6.3 Immunoperoxidase staining for IgA shows mainly

gastroenteritis and pneumonia), vaccinations and
exercise.

What do you know about the
pathogenesis of IgA nephropathy?
The cause of IgA nephropathy is unknown but individuals are likely to possess a number of susceptibility genes

and then develop disease following an encounter with
speciﬁc environmental stimuli. Central to the pathogenesis of IgA nephropathy is thought to be the deposition
of IgA within the mesangium. IgA is one of the subclasses
of immunoglobulins (antibodies) synthesised in humans,
each of which can be distinguished by differences in their
heavy chains. It is the most abundant class of immunoglobulin (66 mg/kg body weight versus 34 mg/kg of IgG)
and is predominantly found at mucosal surfaces and in
secretions, such as saliva and mucus. The pathogenic
mechanisms involved in IgA nephropathy are unclear
but are thought to involve the production of IgA1 with
reduced glycosylation in its hinge region leading to an
increased propensity to self-aggregation and aggregation
with IgG. Thus if IgA1 aggregates become deposited in
the kidney and are not adequately cleared, they may elicit
an abnormal inﬂammatory response in mesangial cells
and activate complement.

CASE REVIEW
A 19-year-old man presents with an episode of macroscopic
haematuria which was preceded by an episode of tonsillitis.
On examination, he was hypertensive and investigations
showed blood and protein on urine dipstick as well
as signiﬁcant renal impairment. A renal biopsy was

undertaken and demonstrated crescentic IgA nephropathy.
He was treated with an ACEI, corticosteroids and
mycophenolate mofetil and his renal function signiﬁcantly
improved over the next few months.

KE Y P OINTS
• IgA nephropathy is one of the most common forms of

• Patients with IgA nephropathy should be treated with

primary GN. Since the diagnosis can only be made by
demonstrating IgA deposition in the glomerular
mesangium, its precise prevalence is unknown and
estimates vary according to the frequency of renal biopsy.
In Europe, IgA nephropathy makes up 15–30% of all
primary GN. The prevalence is much higher in Japan
where IgA nephropathy is diagnosed in 40–50% of
all renal biopsies.
• IgA nephropathy is more common in males and
presentation typically occurs in the second and third
decades of life.
• A temporal association of disease ﬂare with pharyngitis or
tonsillitis is well recognised in IgA nephropathy and
generally occurs within days of the infection.
• The clinical presentation of IgA nephropathy is very
variable, ranging from asymptomatic microscopic
haematuria (30–40% of patients), nephrotic syndrome
(<5%) and ARF (5%).

ACEI or ARB to control hypertension and proteinuria. In
terms of disease-modifying drugs, many nephrologists
would use immunosuppressants if there was a rapid
decline in renal function (e.g. a combination of
corticosteroids and another immunosuppressant).
• The prognosis of IgA nephropathy is variable. In 10–25%
of patients presenting with microscopic haematuria only,
there is spontaneous resolution of urine dipstick
abnormalities. However, overall it is estimated that
20–40% of patients with IgA nephropathy progress to
ESRF over 10–20 years.
• Poor prognostic features include heavy proteinuria,
renal impairment, hypertension, increasing age and a
crescentic GN on biopsy. The higher the proportion
of glomeruli containing crescents, the worse the
prognosis.
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Case 7

A 27-year-old woman with a rash and
renal impairment
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• When did she become unwell? Any illness preceding

What aspects of the history are
important to clarify?
Miss Edwards has signiﬁcant renal impairment (creatinine 194 μmol/L = eGFR 29 mL/min/1.73 m2). This may
be acute or chronic. Some aspects of the history may be
helpful in determining which is most likely, e.g. past
medical history of diabetes, hypertension, recurrent UTI,
renal disease or family history of renal disease such as
APKD would be suggestive of CKD. It is also useful to
ask if she has ever had her renal function checked prior
to this. Previous documentation of normal renal function indicates that this is likely to be ARF.
What is the most likely cause of renal impairment?
Causes of renal impairment are classiﬁed as pre-renal
(e.g. hypotension/hypovolaemia), renal (e.g. GN) or
postrenal (e.g. obstruction). If this is ARF, then prerenal/ ATN is the most likely cause (is there any history
suggestive of dehydration/hypotension such as severe
diarrhoea and vomiting?). Postrenal causes of ARF are
less common in young women (mostly due to prostate
problems, therefore more common in older men). If
there is nothing to suggest either of the above then think
about renal causes. The initial referral from the GP states
that she has had fever, arthralgia and a rash. These symptoms make a renal cause (e.g. a GN secondary to a systemic autoimmune disease or TIN) more likely. Further
useful history includes the following.

Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
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this episode of swelling (particularly pharyngitis or other
infection)?
• Systemic symptoms: precise onset and details of fever,
rash, arthralgia plus additional history of night sweats,
respiratory symptoms (haemoptysis/SOB), upper respiratory tract symptoms (nasal crusting discharge, sinusitis) or red eyes (anterior uveitis) which might suggest a
systemic autoimmune or inﬂammatory disease such as
SLE or vasculitis?
• Any new medications which might cause TIN?
• Any previous similar episodes or past medical history
of autoimmune disease?
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What is the most likely underlying
cause of her renal impairment?

Figure 7.1 Renal biopsy with H+E staining showing an interstitial
inﬁltrate which includes mononuclear cells and eosinophils (stain
bright red/pink; arrows).
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The features of the case are in keeping with a diagnosis
of TIN secondary to one of the drugs which she has been
taking (NSAID or PPI). Although it is possible that she
has a primary or secondary GN, the documented drug
exposure and temporal association of systemic symptoms
make this less likely.
The typical clinical presentation of acute TIN includes:
• symptoms of fever, rash, arthralgia, loin pain
• previous history of drug ingestion or infection
• hypertension
• ARF.

What speciﬁc feature would you
ask the microscopist to look
for in the urine sample?
The presence of eosinophils (best visualised with
Hansel’s stain) in the urine would be suggestive of TIN.
A peripheral eosinophilia also occurs in around 70% of
patients.
In TIN there is typically microscopic haematuria and
non-nephrotic range proteinuria (typically 1.5–2 g/day).

What would you expect this to show?
In ARF secondary to TIN, the kidneys are of a normal
size (10–12 cm) or may even be slightly enlarged. There
is nothing in her history to suggest CKD (and she has a
previously normal creatinine) or obstruction.

×
×

What does the biopsy show?
The biopsy shows typical appearances of acute TIN.
These include:
• inﬂammatory interstitial inﬁltrate, including eosinophils.
• interstitial oedema and ﬂattening of tubular cells
• necrosis/apoptosis of tubular cells
• tubular
atrophy/interstitial ﬁbrosis (indicates
chronicity).

Which drugs are associated with
acute TIN?
A large number of drugs have been associated with TIN,
particularly penicillin-based antibiotics and NSAIDs
(see Box 7.1). More recently, UK studies suggest that
PPI-associated TIN is not infrequent.
Acute TIN can also be associated with other aetiological factors, particularly infection (Box 7.2). If no obvious
cause is demonstrated, then acute TIN is classiﬁed as
idiopathic.
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Box 7.1 Some of the more common drugs
associated with acute TIN
• Antibiotics
Penicillin based: methicillin, ampicillin, penicillin G
Other: cephalexin, tetracycline, erythromycin,
gentamicin
NSAID: particularly fenoprofen and meclofenomate
Aspirin
Antacids: PPI and cimetidine
Diuretics: furosemide, thiazides
䊊
䊊

•
•
•
•

Box 7.2 Infections associated with acute TIN
• Bacterial
䊊
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䊊

Streptococci, staphylococci
Atypicals:

䊊 Intracellular: mycobacterial (TB), salmonella
• Viral
䊊 Measles
䊊 Mumps
䊊 Rubella
䊊 CMV
䊊 HIV
• Parasitic
䊊 Toxoplasma
䊊 Leishmania
䊊 Schistosoma

• Oral steroids (prednisolone 1 mg/kg) to treat the

inﬂammation and prevent progression to ﬁbrosis.
If patients have severe acute renal impairment and oliguria (<20% of patients with TIN) then renal replacement
therapy may be temporarily required.

What is the prognosis of acute
tubulointerstitial nephritis?
Overall, the prognosis is good. Most patients will gain
complete or near complete recovery of renal function
once the causative medication is stopped. However,
prominent ﬁbrosis and tubular atrophy on renal biopsy
indicate irreversible damage, and such patients may not
fully regain renal function.
Poor prognostic factors include:
• irreversible biopsy changes (ﬁbrosis + tubular atrophy)
• heavy proteinuria at presentation
• oliguria
• persistent renal failure for >3 weeks
• older age.

What are the pathogenic mechanisms
involved in tubulointerstitial nephritis?

What do you know about chronic
tubulointerstitial nephritis?

It is thought that some medications or pathogens (or
bits of pathogens) may bind to tubulointerstitial
components, changing their structure so that they
become immunogenic. Other drugs/infectious agents
may directly damage tubulointerstitial components,
again making them immunogenic. The end result of
either process is interstitial inﬂammation (characterised
by an inﬂammatory inﬁltrate of lymphocytes and eosinophils) and tubular damage. If this is not treated and
becomes chronic, then ﬁbrosis and tubular atrophy will
result (irreversible changes).

Chronic TIN is used to describe a renal biopsy which is
characterised by signiﬁcant interstitial ﬁbrosis and
tubular atrophy (Figure 7.2). These are rather nonspeciﬁc ﬁndings and can occur as the end result of a
variety of aetiological factors (see Box 7.3). If this broad
deﬁnition of chronic TIN is used, then around 20–30%
of patients with ESRF will have chronic TIN on biopsy.
However, many nephrologists would consider chronic
pyelonephritis, vesicoureteric reﬂux and obstructive
uropathy in a separate diagnostic category. The frequency
of chronic TIN of other causes shows great geographic
variation, depending on the exposure of different populations to drugs and toxins. Chronic TIN is frequently
asymptomatic and thus often remains undiagnosed until
the patient reaches ESRF.
Balkan nephropathy is a chronic TIN which is endemic
in Bulgaria, Serbia, Montenegro and Romania. The

How would you treat Miss Edwards?
• Remove likely causative drug (in this case, it is most

likely to be the PPI, but it could be the NSAID or rantidine. Where possible, all medications should be stopped).
• Treat hypertension and proteinuria (ACEI or ARB).
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Box 7.3 Causes of chronic TIN
• Renal infection/obstruction
Chronic pyelonephritis
Vesicoureteric reﬂux
䊊 Obstructive uropathy
Drugs (chronic exposure)
䊊 Analgesics
䊊 Lithium
䊊 Ciclosporin
䊊 Gold
Toxins
䊊 Lead
䊊 Aristolochic acid (thought to be the cause of Balkan
nephropathy)
Autoimmune disease
䊊 Sjögren’s syndrome
䊊 SLE
䊊 Vasculitis
Haematological malignancy/dysgammaglobulinaemia
䊊 Multiple myeloma
䊊 Amyloidosis
䊊 Lymphoma
Metabolic diseases
䊊 Hyperuricaemic nephropathy
䊊 Hypercalcaemic nephropathy
䊊 Cystinosis
䊊 Fabry’s disease
Radiation
䊊

•

•

Figure 7.2 Renal biopsy showing an area of tubular atrophy and
interstitial scarring. The tubules are not packed tightly, back to

•

back as they should be, but are found infrequently between areas
of interstitial ﬁbrosis.

disease begins between the ages of 20 and 30 years, is
more frequent in rural populations and is a signiﬁcant
cause of ESRF in these communities. Individuals also
develop transitional cell carcinoma (TCC) of the renal
pelvis and ureters. Recent research suggests that it is
caused by ingestion of Aristolochia clematitis, a plant
native to the area. This contains aristolochic acid (also
found in some Chinese herbal remedies) which has been
shown to cause TIN and TCC in animal models.

•

•

•

CASE REVIEW
A 27-year-old woman presented with a history of fever,
rash and arthralgia after commencing a PPI. Investigations
showed acute renal failure, peripheral eosinophilia and
eosinophiluria. A renal biopsy was consistent with

tubulointerstitial nephritis. The PPI was stopped and the
patient was treated with prednisolone and ACEI. Renal
function signiﬁcantly improved, although it did not
normalise.

KEY POINT S
• Acute TIN presents typically with fever, rash, arthralgia,
loin pain and hypertension. Investigations show ARF,
eosinophilia, microscopic haematuria, proteinuria
1.5–2 g/24 h and eosinophils in the urine.
• A renal biopsy is useful, even in cases with a classic
presentation, in order to conﬁrm the diagnosis (interstitial
inﬁltrate and oedema, tubular necrosis) and assess for
signs of irreversible damage (interstitial ﬁbrosis and
tubular atrophy).
• The most common causes of acute TIN are drugs and
infections, although some will have no obvious cause

(idiopathic). Drugs associated include antibiotics, NSAID
and PPI.
• Treatment involves stopping the causative drugs or
treating the causative infection, managing hypertension
and proteinuria (e.g. with ACE or ARB) and treating
inﬂammation with oral corticosteroids (typically
prednisolone 1 mg/kg).
• Overall, prognosis is good, with many patients regaining
normal renal function. Poor prognostic factors include
older age, oliguric ARF and the presence of signiﬁcant
interstitial ﬁbrosis and tubular atrophy on renal biopsy.

PA R T 2 : C A S E S

䊊

Case 8

A 26-year-old man with haemoptysis
and oliguria
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What are the main differential
diagnoses for haemoptysis?
What questions would you ask the
patient on arrival?

The main differentials are listed in Box 8.1 and include
infection, malignancy and autoimmune disease.

• Duration: how long has he been unwell? When did he

What other questions would you ask?

ﬁrst start to cough up blood? How long has there been a
reduction in the amount of urine he is passing?
• Clariﬁcation of symptoms: is he coughing up blood or
vomiting blood? Patients sometimes say one when they
mean the other. Obviously, the differential diagnosis for
haemoptysis is completely different from that for haematemesis, so this is an important point. Occasionally
patients with epistaxis (nosebleeds) may also describe
coughing up blood, which actually originates from the
upper airways.
• Associated symptoms: given he has haemoptysis, you
should ask about shortness of breath, wheeze, chest pain,
fevers/sweats. Painful swelling of calves may indicate a
deep vein thrombosis (DVT) with associated pulmonary
embolism (PE).
• What is the precise nature of his oliguria? How long
has he been oliguric? Are there any other urinary
symptoms?

The history so far reveals two major features:
• haemoptysis (causes given in Box 8.1)
• oligoanuria (suggestive of a renal problem, probably
ARF).
Further questions should be aimed at determining the
underlying cause of these two problems. In particular,
pathologies which cause both haemoptysis and ARF
(a pulmonary-renal syndrome) should be sought. The
differential diagnosis of a pulmonary-renal syndrome
is shown in Box 8.2.
In view of these possible underlying diagnoses, the
following would be reasonable areas to probe when
taking a more detailed history.
• Does the patient have any systemic symptoms (fevers,
night sweats, weight loss) which might indicate an infectious or inﬂammatory process? Duration of such symptoms? It’s often useful to ask the patient when they last
felt completely well.
• Does the patient have any symptoms speciﬁcally associated with the autoimmune diseases listed in Box 8.1?
Rash, arthralgia, myalgia, red eyes (anterior uveitis), dry
eyes (keratoconjunctivitis sicca), recurrent sinusitis,
nasal crusting/discharge, epistaxis, deafness, oral ulceration can all occur in systemic autoimmunity.
• Does he have any signiﬁcant past medical history? For
example, a history of previous DVT or PE may point
towards a recurrence and suggest a thrombophilic
tendency.

Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.
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Box 8.1 Causes of haemoptysis

hydrocarbons can also predispose to pulmonary haemorrhage in Goodpasture’s disease.

• Malignancy: bronchogenic carcinoma
• Infection
Pneumonia
Pulmonary tuberculosis
䊊 Lung abscess
䊊 Aspergilloma
Vascular
䊊 Pulmonary embolism
Autoimmune
䊊 ANCA-associated vasculitis (Wegener’s
granulomatosis)
䊊 Goodpasture’s disease
䊊 Systemic lupus erythematosus
Bronchiectasis
Pulmonary oedema
䊊 Patients will usually describe coughing up frothy pink
sputum, but occasionally it can appear more
bloodstained
䊊
䊊

•

•
•

Box 8.2 Causes of pulmonary-renal syndrome
Non-immune mediated
• ARF with volume overload/pulmonary oedema
• Severe pneumonia with ATN, e.g. legionella
• Infections with respiratory involvement and acute
interstitial nephritis, e.g. leptospirosis
• Thrombosis of renal vein/IVC with PE
Immune-mediated
ANCA-associated vasculitis
Goodpasture’s disease
SLE
Henoch–Schönlein purpura (HSP)/crescentic IgA
nephropathy
• Cryoglobulinaemia

•
•
•
•

• Has he noticed any other urinary symptoms? Other

important points in the history include the presence of
frank haematuria, frothy urine, ﬂuid retention (swelling
of face or ankles) and loin pain.
• Does he have any past medical history of any of the
diseases listed in Boxes 8.1 and 8.2? Vasculitis, SLE and
IgA are all diseases characterised by recurrent relapses
and so the patient may have had similar presentations
previously.
• Smoking history? Is the patient a smoker? Smoking is
a major risk factor for pulmonary haemorrhage in Goodpasture’s disease. What is the patient’s job? Exposure to

What features are important to seek
during clinical examination?
• Temperature? Fever can occur in infection or in sys-

temic inﬂammatory diseases.
• Hands/feet/nails for splinter haemorrhages, nailfold

infarcts, necrotic areas (signs of vasculitis). Leuconychia
or Beau’s lines (associated with hypoalbuminaemia
which may occur with any chronic inﬂammatory/
autoimmune disease).
• Rashes: purpuric lesions (vasculitis), butterﬂy rash,
photosensitivity rash on arms, neck, face or discoid
lesions (SLE).
• Mouth: mouth ulcers (SLE).
• Nose/sinuses: nasal crusting, sinusitis (vasculitis).
• Ears: deafness (vasculitis).
• Eyes: red eyes (anterior uveitis) which may be associated with vasculitis.
• CVS: assess intravascular volume status (tachycardia
may indicate volume depletion or systematic infection/
inﬂammation. A low BP or postural drop suggests hypovolaemia). Auscultate heart sounds: murmurs occur in
endocarditis (infection-associated or aseptic in SLE).
Pericardial rub may occur secondary be uraemic pericarditis or in lupus-associated serositis.
• Chest: oxygen saturations will be reduced if there is
pulmonary haemorrhage, ﬁbrosis or infection. Crepitations may occur if there is bronchiectasis, pulmonary
haemorrhage, ﬁbrosis/nodules which can be associated
with vasculitis. A pleural rub may be heard if there is PE
or serositis associated with SLE.
• Abdomen: splenomegaly (associated with SLE and
some infections).
• Legs: rashes, particularly vasculitic lesions.
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Table 10.2 Mutated proteins in aHUS
Complement protein

Normal function of protein

Location of protein

Mutation frequency in aHUS

Factor H

Inhibitor

Plasma

25%

MCP (CD46)

Inhibitor

Endothelial cell surface

10%

Factor I

Inhibitor

Plasma

7.5%

Factor B

Activator

Plasma

5%

C3

Activator

Plasma

10%

Classical pathway

Alternative pathway
Factor D

C3

C4, C2

C4bC2a

C3bBb

Factor B
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C1

*
*

*

Sites of regulation of
co ple ent activation

C3b

C5b

C5

MAC

Figure 10.3 The activity of the
alternative complement pathway is
regulated by two methods: 1. co-factor

1 Cofactor activity

2 Decay accelerating activity

activity; 2. decay accelerating activity.
Both factor H and MCP are co-factors for

Bb

factor I, which cleaves C3b (active form)
to iC3b (inactive form). Factor H also

C3b

iC3b

C3b

C3bBb

C3b

facilitates the decay of the active
alternative pathway C3 convertase,
C3bBb by causing dissociation of Bb.
These mechanisms prevent the

Endothelial cell

alternative complement pathway from

MCP

Factor I

Factor H

being excessively activated.

of activated C3 on endothelium which attracts and activates phagocytes as well as activating the terminal complement components to produce a membrane attack
complex (MAC) (Figure 10.4). Both activated phagocytes
and MAC can damage endothelium and lead to platelet
consumption and haemolysis as described for D+ HUS.
These conditions lead to low C3 levels and normal C4
levels (C4 normal because the classic complement
pathway is not activated).

How should she be managed?
• Supportive treatment

Blood and platelet transfusions
BP control
䊊 Haemodialysis
if renal function continues to
decline
• Plasma exchange: this will require the insertion of a
large central line, such as those used for haemodialysis.
䊊
䊊
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C3bBb

Factor H

C3b

MAC

Endothelial cell

(a) Factor H deficiency or dysfunction
leads to inappropriate activation of
alternative co ple ent pathway on
glo erular endothelial cells

MAC

Phagocyte

Platelet

Red blood cell

Red blood cell
frag ent

(b) Activated phagocytes and co ple ent
(c) Red blood cells are destroyed due to
e brane attack co plex (MAC)
turbulent flow through narrowed vessels
ediate endothelial da age, which results
in the for ation of platelet thro bi
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Figure 10.4 Pathogenesis of D− HUS.

Multiple thro bi within
glo erular capillary loops
(a)

(b)

(c)

Figure 10.5 (a) H+E stain of a normal glomerulus. (b) Renal biopsy from a patient with HUS, showing thrombotic microangiopathy.
(c) Schematic diagram of the glomerulus shown in (b).

This can be difﬁcult in patients with HUS who may need
multiple platelet transfusions before and during line
insertion. Fresh frozen plasma (FFP) must be given with
the exchange (rather than albumin, which is sometimes
used). It is thought that the FFP may help to replenish
some plasma complement regulatory proteins. In some
refractory cases steroids and intravenous immunoglobulin have been used. Plasma exchange with FFP replacement is also the standard treatment for D+ HUS. In cases
where a factor H-binding autoantibody is identiﬁed, B
cell depletion with the anti-CD20 monoclonal antibody
rituximab may prevent relapses.

Pauline undergoes a renal
biopsy (Figure 10.5b). What does
this show?
The biopsy shows thickening of the glomerular capillary
walls. The glomerular capillaries are distended by
thrombi, i.e. a thrombotic microangiopathy.

What is the prognosis of her condition?
This depends on the underlying cause. Patients with
aHUS and factor H or I mutations have a poor prognosis,
with around 70% developing renal failure or dying.
Patients with MCP mutations do slightly better, with
only 20–30% progressing to ESRF. These patients often
run a relapsing/remitting course, but do relatively well
nonetheless. Those with autoantibodies to factor H tend
to respond well to plasma exchange. In aHUS patients in
whom no mutations have been identiﬁed, the outcome
is probably somewhere between the two, with around
60% alive and dialysis-free at 1 year.
In D+ HUS the prognosis is better, with around 3%
mortality and 10–20% progression to ESRF.

Box 10.3 Clinical features of TTP
•
•
•
•
•

MAHA
Thrombocytopaenia
Neurological abnormalities
Fever
Acute renal failure

What is the difference between
haemolytic uraemic syndrome
and thrombotic thrombocytopaenic
purpura?
Haemolytic uraemic syndrome and TTP have overlapping clinical features, which has often led to difﬁculties
in assigning patients to one diagnosis or another.
However, as the pathological mechanisms underlying the
two conditions have been better worked out, the distinction is now easier.
Clinically, TTP is characterised by a pentad of features
(Box 10.3). Patients with HUS usually have three of these
ﬁve features but as mentioned above, there is often
overlap. In general, HUS is considered to be primarily a

renal disease with limited systemic complications whilst
TTP is a systemic disease with a relatively low frequency
of renal complications.
Thrombotic thrombocytopaenic purpura is now
known to be due to an inherited or acquired deﬁciency
of the metalloproteinase enzyme ADAMTS13. This
defective function of ADAMTS13 can also be caused by
anti-ADAMTS13 autoantibodies in some cases. This
protein normally cleaves unusually large multimers of
von Willebrand factor oligomers secreted by endothelial
cells. In the absence of normal ADAMTS13 activity,
uncleaved multimers lead to platelet aggregation and the
occlusion or partial occlusion of vessels (Figure 10.6),
which in turn causes haemolysis, by the same mechanism
as described in Figure 10.3.
Recent research has identiﬁed links between HUS and
TTP and may explain some of the overlapping clinical
features. Platelets activated by shigatoxin may adhere to
unusually large multimers of von Willebrand factor that
are secreted from toxin-stimulated renal endothelial
cells. In addition, shigatoxin has also been shown to
impair ADAMTS13 function.
Platelets
Unusually large
ulti ers of von
Willebrand factor

ADAMTS13

ADAMTS13

Endothelial
cells

Nor al
ADAMTS13 cleaves unusually large
ulti ers of von Willebrand factor
secreted by endothelial cells

TTP
Accu ulation of unusually large
ulti ers of von Willebrand factor
leading to platelet aggregation

Figure 10.6 Pathogenesis of TTP.

CASE REVIEW
An 18-year-old girl presents with lethargy and headache
and is found to have a petechial rash and hypertension.
Investigations show haemolysis with fragmented red blood
cells on ﬁlm, thrombocytopaenia and renal failure, features
typical of HUS. There is no history of diarrhoea and no
evidence of shigatoxin-producing E. coli (STEC). A genetic

screening reveals a mutation in factor H, one of the
complement regulator proteins which can be abnormal in
some patients with D− or atypical HUS. She received
supportive therapy and plasma exchange but remained
dialysis dependent in the long term.
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K EY POINT S
• Haemolytic uraemic syndrome is characterised by a triad
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of microangiopathic haemolytic anaemia (MAHA),
thrombocytopaenia and renal failure.
• The most common type of HUS is diarrhoea-associated
(D+ HUS/Stx-HUS) which occurs because shigatoxin
produced by some bacteria can directly or indirectly
damage renal endothelial cells. It mainly occurs in children
under the age of 5 years. It is treated supportively and
does not require plasma exchange.
• Non-diarrhoeal associated (D− or atypical HUS) is 10 times
less common than D+ HUS. More than half of cases are
caused because of deﬁciency or dysfunction of proteins
which regulate the alternative complement pathway.
Inappropriate activation of complement on glomerular
endothelial cells leads to endothelial damage.

• In both D+ HUS and D− HUS the ﬁnal common pathway

•

•
•

•

of damage is platelet aggregation and consumption at
sites of endothelial damage. This causes narrowing of the
lumen of blood vessels and red cells are destroyed as they
squeeze through.
Haemolytic uraemic syndrome is treated by supportive
therapy (transfusions and dialysis) and plasma exchange,
with FFP replacement.
D+ HUS has a better prognosis than D− HUS.
Thrombotic thrombocytopaenic purpura and HUS have
overlapping features, although patients with TTP are much
less likely to have renal involvement.
The predominant pathology in TTP is deﬁciency or
dysfunction of the metalloproteinase ADAMTS13.

What additional questions would you
ask the patient?
• Duration: when did the leg swelling ﬁrst appear?
• Onset: sudden or gradual?
• Extent/distribution: one leg or both legs involved? Did

the swelling start proximally or distally?
• Swelling elsewhere: hands/arms? Abdomen? Face?
• Previous similar episodes?

Reduced oncotic pressure
Peripheral oedema can also occur if there is a reduction
in oncotic pressure within blood vessels, so that ﬂuid is
not retained within the vasculature. Intravascular oncotic
pressure is maintained by circulating proteins, principally albumin. Hence any pathology in which there is a
failure to produce albumin or an abnormal loss of
albumin will lead to oedema. Examples include:
• chronic liver disease with reduced protein/albumin
synthesis
• nephrotic syndrome with renal loss of protein
• malabsorption with inadequate absorption of protein
• protein-losing enteropathy with GI loss of protein
(rare).

What other questions would you ask?
• Does the patient have any other symptoms consistent

What are the main differential
diagnoses for bilateral leg oedema?
Increased hydrostatic pressure
Swelling can occur because of increased hydrostatic
pressure forcing ﬂuid out of vessels. Pathology causing
increased hydrostatic pressure includes:
• right heart failure (RHF)/congestive cardiac failure
(CCF)
• cirrhosis with portal hypertension
• bilateral venous obstruction due to pelvic mass
• bilateral deep vein thrombosis
• bilateral lymphatic obstruction – previous radiotherapy, ﬁlariasis.

Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.

with RHF or CCF, e.g. orthopnoea, paroxysmal nocturnal dyspnoea (PND)?
• Does he have any signiﬁcant cardiac past medical
history? CCF is likely to occur in a patient with a previous
history of cardiac disease, e.g. previous MI.
• Does he have any symptoms of liver disease, e.g. jaundice, symptoms consistent with synthetic failure, e.g.
bruising?
• Does he have any signiﬁcant past medical history of
liver disease, e.g. cirrhosis of any cause (alcoholic liver
disease, hepatitis B/C, autoimmune liver disease)?
• What is his current alcohol intake? Is this sufﬁcient to
cause liver disease?
• Has he noticed any urinary symptoms, particularly
frothy urine which is characteristic of heavy
proteinuria?
• Does he have any past medical history of renal disease,
particularly glomerulonephritides which are known to
be associated with nephrotic syndrome, e.g. minimal
change, membranous, FSGS?
• Any GI symptoms consistent with malabsorption, e.g.
diarrhoea, ﬂoating stools?
93
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Case 11 A 56-year-old man with ankle swelling
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• Past medical history of pelvic malignancy, e.g. bladder
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or prostatic cancer?
• Drug history? Some medications are associated with
peripheral oedema, e.g. amlodipine.
• Travel history? Filariasis caused by Wuchereria
bancrofti found in tropics and subtropics, e.g. northern
Australia, Paciﬁc Islands, South America, India, West
and Central Africa.

What features are important to seek
during clinical examination?
Examination should attempt to ensure that there are no
signs of cardiovascular disease, particularly CCF, e.g.
atrial ﬁbrillation (AF), raised JVP, displaced apex beat,
left parasternal heave (right ventricular hypertrophy –
RVH), murmurs, bibasal crepitations (pulmonary
oedema). Leuconychia indicates hypoalbuminaemia.
The presence of jaundice, hepatomegaly, ascites, intraabdominal masses and lymphadenopathy (inguinal in
particular) should be sought. Pleural effusions can occur
in patients with nephrotic syndrome. The extent of
peripheral oedema should be assessed, as sometimes this
can extend up onto the abdominal wall.

together with the widespread oedema and ascites, he is
most likely to have nephrotic syndrome.

What investigations would you request
in the emergency room?
• Blood tests

Full blood count
Renal function (abnormal in some causes of
nephrotic syndrome)
䊊 LFT
䊊 Albumin (usually part of LFT)
䊊 Glucose (diabetes can cause proteinuria)
䊊 Cholesterol
(frequently elevated in nephrotic
syndrome)
• Urine dipstick
• 24-hour urine collection for protein or an albumin/
creatinine ratio (ACR) or protein/creatinine ratio (PCR)
• ECG: to assess for signs of cardiac disease, e.g. Q waves
indicative of previous MI, signs of LVH or RVH
• CXR: to assess heart size (looking for cardiomegaly),
small pleural effusions (blunting of costophrenic angles),
pulmonary masses, e.g. metastases
䊊
䊊

How would you interpret these results?
The investigations are consistent with a diagnosis of
nephrotic syndrome with a very low albumin and heavy
proteinuria on urine dipstick. His 24-hour urine collection has 12 g of protein in it, conﬁrming this diagnosis
(see Part 1, Box C).

What general treatment measures
could you begin?

Given the history and examination
so far, what is the most likely
cause for his oedema?
There are no symptoms or signs to suggest underlying
RHF/CCF or liver disease. The presence of oedema in
upper and lower limbs makes venous or lymphatic
obstruction unlikely. Given the history of frothy urine

Patients with nephrotic syndrome are treated with
diuretics in an attempt to reduce the oedema and bring
symptomatic relief. Typically loop diuretics are used, e.g.
furosemide, and often high doses will be needed, e.g.
80–150 mg. If the patient has established oedema this
may include gut mucosal oedema, making oral diuretics
ineffective and necessitating the use of intravenous
diuretics. While using diuretics, the patient should be
ﬂuid restricted, e.g. 1 L/day.
Regardless of the cause of proteinuria, ACEI or ARB
should be started in an attempt to reduce proteinuria.
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(a)

Figure 11.1 Chest radiograph demonstrating blunting of the left
costophrenic angle, indicative of a small pleural effusion.

Once the patient has been started on diuretics and
antiproteinurics, renal function should be carefully monitored since the patient may be at risk of developing
pre-renal failure.

What further specialist investigation
would you undertake?

(b)

All adults with nephrotic syndrome should proceed to
a renal biopsy in order to ascertain the underlying
cause. In order to perform a biopsy, patients must
undergo an ultrasound scan of the renal tract to ensure
they have two kidneys, of a normal size with no obstruction. The patient’s clotting should also be assessed prior
to biopsy.
Sub-epithelial
deposits

Endotheliu

Base ent e brane
for ing ‘spikes’

(c)
Figure 11.2 Renal biopsy ﬁndings in membranous GN. Both H+E
(a) and silver staining (b) show thickening of the basement
membrane (BM). (c) EM demonstrates sub-epithelial immune
deposits and ‘spikes’ extended from the BM.

How would you interpret these results?
The kidneys are of normal size and cortical thickness on
US, suggesting that the patient does not have chronic
renal damage. Primary GN likely to cause nephrotic syndrome include minimal change GN, membranous GN

and FSGS. In minimal change GN, light microscopy and
immunostaining are normal. The ﬁndings of thickened
glomerular capillary loops and subepithelial deposits are
consistent with membranous GN.
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Box 11.1 Secondary causes of membranous
nephropathy
• Autoimmunity
SLE (Class V lupus nephritis)
Rheumatoid arthritis
䊊 Dermatomyositis
• Infections
䊊 Hepatitis B, C
䊊 HIV
䊊 Leprosy
• Drugs
䊊 Captopril
䊊 Penacillamine
䊊 Gold
䊊 NSAID
• Malignancy
䊊 Carcinomas
䊊 Hodgkin’s disease
䊊 Melanoma
䊊 Mesothelioma
䊊
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䊊

Given the biopsy result, are there any
additional investigations that you
would perform?
Membranous GN is primary (idiopathic) in two-thirds
of cases but can occur secondary to a number of other
pathologies (Box 11.1) including some malignancies,
infection (e.g. hepatitis B) and autoimmune disease (e.g.
SLE). Therefore these diagnoses should be excluded by
performing the following investigations.
• Investigations for occult malignancy as symptoms
dictate, e.g. faecal occult blood (FOB)/endoscopy, PSA if
enlarged prostate on examination
• Hepatitis B/C serology
• Autoimmune screen (ANA, anti-dsDNA antibody,
anti-Sm antibody, complement (C3/C4), immunoglobulins, rheumatoid factor)

Given the result of the biopsy and
additional blood tests, how
would you treat this patient?
The investigations are consistent with a diagnosis of
primary/idiopathic membranous GN. As well as diuretics

and anti-proteinuric agents, this patient should be anticoagulated. Given the degree of proteinuria and his
albumin of <20 g/dL, most nephrologists would formally
anticoagulate with warfarin, aiming for an INR of 2–3
since he is at signiﬁcantly increased risk of thromboembolic disease. Patients with an underlying cause of membranous GN are particularly prone to thromboembolism,
with some series suggesting a rate of 15–20% renal vein
thrombosis.
Speciﬁc treatments for membranous GN include oral
corticosteroids alternating with chlorambucil on a
monthly basis (known as the Ponticelli regime). Other
immunosuppressants used include cyclophosphamide,
ciclosporin and tacrolimus. However, given that some
patients undergo a spontaneous remission, many
nephrologists would advocate a 6-month period of
observation along with the general treatment measures
outlined.

The patient asks you whether this
disease is curable. What advice would
you give him?
Roughly speaking, membranous GN is a disease of thirds:
25–30% get better spontaneously, 25–30% continue to
have some proteinuria but stable renal function, 40–50%
will develop progressive renal impairment and may eventually require renal replacement therapy.

What are the complications of
nephrotic syndrome?
Nephrotic syndrome of any cause is associated with a
number of complications, particularly thromboembolism, due to urinary loss of antithrombin III as well as
intravascular volume depletion. Studies show that
around 10% of patients have PEs detectable on VQ scan,
25% of patients have DVT if Doppler scanned and renal
vein thrombosis may occur in 15–20% of nephrotics.
Membranous GN is associated with a particularly heightened risk of thromboembolism.
Patients are also at increased risk of infection, e.g.
pneumococcal peritonitis, due to urinary loss of
immunoglobulins.
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CASE REVIEW
A 56-year-old man presents with a gradual onset of
worsening oedema. Investigations conﬁrm a low serum
albumin and nephrotic range proteinuria. A renal biopsy

demonstrates membranous glomerulonephritis. He is
treated with diuretics and ACEI and is anticoagulated with
warfarin to prevent thromboembolic complications.

KEY POINT S

proteinuria (>3.5 g/24 h) and hypoalbuminaemia.
Additional features include hypercholesterolaemia.
• All adults with nephrotic syndrome should undergo renal
biopsy which assists in identifying the underlying pattern
of glomerular damage. Three patterns are commonly seen
in adults with nephrotic syndrome.
1. Minimal change: where light microscopy and
immunostaining are normal but podocyte fusion is
seen on EM. This pattern is most commonly seen in
children and young adults.
2. Membranous GN is the most common cause of
nephrotic syndrome in adults and is characterised by
thickening of the glomerular basement membrane.

3. FSGS: focal (some but not all glomeruli) and
segmental (some but not all of a glomerulus) sclerosis/
ﬁbrosis.
• Membranous GN is idiopathic in two-thirds of cases.
Associations include drugs, SLE, hepatitis B and
malignancy.
• Prognosis is variable: 25% of patients with membranous
GN go into complete remission spontaneously and around
50% develop progressive renal impairment of varying
severity.
• Poor prognostic factors include male sex, heavier
proteinuria, renal impairment at presentation and
tubulointerstitial ﬁbrosis on biopsy.
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• Nephrotic syndrome is characterised by a triad of oedema,
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Case 12 An 80-year-old man with abdominal
discomfort and ankle swelling

What questions would you
ask the patient?
• Duration, nature, onset, site, exacerbating and reliev-

ing factors of the abdominal pain.
• Are there any associated abdominal symptoms?

For example, loss of appetite, weight loss, nausea, vomiting, haematemesis, jaundice, change in bowel habit,
blood PR.
• Is the swelling limited to his legs or is it elsewhere? For
example, hands/arms, abdomen, face? Does it involve
one or both legs?

What possible causes would you
consider for his upper abdominal pain?
The list of differential diagnoses for abdominal pain is
vast. However, this patient’s pain is localised to the upper
Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.
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abdomen. Hence, the main diagnoses to consider are
as follows.
• Oesophageal (pain usually retrosternal or epigastric)
䊊 Oesophagitis secondary to acid reﬂux or infection
(e.g. candida)
䊊 Perforation/tear
䊊 Oesophageal cancer
• Gastric
䊊 Gastritis
䊊 Peptic ulceration
䊊 Perforation
䊊 Gastric carcinoma
• Pancreas
䊊 Pancreatitis – pain is worse on lying down, boring
through to the back. Vomiting is often prominent
䊊 Pancreatic cancer
• Gallbladder
䊊 Cholecystitis
䊊 Biliary colic
• Liver
䊊 Hepatitis
䊊 Congestive hepatomegaly
• Duodenum
䊊 Duodenal ulcer
䊊 Duodenal malignancy
䊊 Perforation
䊊 Obstruction – pain is colicky in nature
• Non-abdominal
䊊 Myocardial infarction
䊊 Basal pneumonia
䊊 Basal pulmonary embolus
Patients with perforation will have acute peritonitis and
are therefore acutely unwell, and generally do not walk
into the consulting room. They tend to lie still and do
not like being prodded.
The patient’s pain sounds very much like gastrooesophageal reﬂux, in that it is brought on by eating,
radiates retrosternally and is worse if he lies ﬂat. However,
he also has a number of worrying features including
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What features are important to seek
during clinical examination?
The abdominal pain and swelling mean that a careful
search should be made for signs of abdominal disease,
including liver disease. Weight loss in a man of this age
is a worrying feature, and in the absence of signs indicative of hyperthyroidism raises the possibility of internal
malignancy. The frothy urine suggests proteinuria (which
occurs in a number of glomerulonephritides, some of
which can be associated with malignancy, e.g. membranous GN).
Bearing these facts in mind, examination should
attempt to conﬁrm or exclude the presence of the
following.

• Hands: leuconychia (indicating hypoalbuminaemia).

Pale palmar creases (anaemia) or koilonychia (iron
deﬁciency).
• Rashes
associated with internal malignancy
including:
䊊 acanthosis nigricans (dark, slightly raised, velvety
eruptions in the inguinal area, sides of the neck,
abdomen and mouth)
䊊 erythema gyratum repens (associated with lung,
breast, gastric carcinoma)
䊊 Superﬁcial migratory thrombophlebitis, or Trousseau’s syndrome, occurs as a cancer-associated coagulopathy. Classically associated with pancreatic or
gastric carcinoma.
• Peripheral signs associated with chronic liver disease
including jaundice, excoriations, tattoos, xanthelasma,
clubbing, telangiectasia, palmar erythema, Dupuytren’s
contracture and a paucity of body hair.
• Lymphadenopathy, particularly in the left supraclavicular fossa (Virchow’s node, Troissier’s sign), associated with gastric carcinoma.
• Cardiovascular system: raised JVP (RHF), displaced
apex beat (LV dilation), left parasternal heave
(RVH), murmurs, bibasal crepitations (pulmonary
oedema).
• Respiratory system: pleural effusions can occur in
patients with hypoalbuminaemia or in those with lung
cancer.
• Abdominal system: hepatosplenomegaly, intra-abdominal masses, ascites (as evidenced by the presence of
shifting dullness +/− a ﬂuid thrill. The latter is elicited by
getting the patient to place their hand vertically on
the midline of the abdomen, whilst the examiner
places the palm of their left hand on the left side of the
abdomen and ﬂicks the right side of the abdomen with
their right hand. If there is a large ascites, a ﬂuid thrill
will be transmitted from the right to the left side of the
abdomen).
• The extent of peripheral oedema should also be
assessed.
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weight loss and swelling of his abdomen. Abdominal
swelling/distension can be caused by the 5 Fs: Fluid,
Flatus, Fat, Faeces, Foetus. Speciﬁc causes include the
following.
• Flatus (air): classically gastrointestinal obstruction.
This patient’s abdominal pain does not have the typical
features of obstruction-associated pain (i.e. colicky and
cramping in nature, and associated with vomiting).
• Fluid (ascitic ﬂuid): ascites can be caused by any
pathology in which there is a failure to produce albumin
or an abnormal loss of albumin, for example, chronic
liver disease with reduced protein synthesis and nephrotic
syndrome with renal loss of protein. Ascites can also
occur if there is right heart failure or portal hypertension.
Ascitic ﬂuid with a high protein content occurs in malignancy and infection.
• Organomegaly: hepatosplenomegaly, or massively
enlarged polycystic kidneys can give rise to abdominal
distension.
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Box 12.1 Most common causes of nephrotic
syndrome
• Primary GN
Minimal change GN
Membranous GN
䊊 FSGS
• Secondary causes
䊊 Diabetes mellitus
䊊 SLE
䊊 Amyloidosis
䊊
䊊

Glucose
Bone function tests (BFT)/calcium (often elevated
in malignancy)
• Urine dipstick (given history of frothy urine)
• 24-hour urine collection for protein or ACR if urine
dipstick positive for protein
• ECG
• CXR: to assess heart size (looking for cardiomegaly),
small pleural effusions (blunting of costophrenic angles),
pulmonary masses, e.g. metastases
䊊
䊊
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Figure 12.1 Examination of hands showing leuconychia with
Beau’s lines.

×

×

Figure 12.2 Examination of abdomen – massive
hepatosplenomegaly.

How would you interpret these results?
As the reviewing GP, what initial
investigations would you request?
• Blood tests
䊊
䊊
䊊
䊊

Full blood count
Renal function
LFT
Albumin (usually part of LFT)

The history, examination and investigations show two
major features.
• Heavy proteinuria (3.5 g/24 h, i.e. nephrotic range),
with a low albumin and oedema (i.e. nephrotic syndrome) in association with signiﬁcant renal impairment.
The most common causes of nephrotic syndrome are
shown in Box 12.1.
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• Abnormal LFT with massive hepatomegaly. The causes

of hepatomegaly are:
䊊 malignancy (primary or secondary)
䊊 cirrhosis (early)
䊊 congestion secondary to right heart failure
䊊 infection (e.g. hepatitis B, C, EBV, CMV, visceral
leishmaniasis)
䊊 myelo- and lymphoproliferative disorders
䊊 inﬁltration (amyloid or sarcoid)
He has no signs indicative of chronic liver disease or
right heart failure. Neither does he have any lymphadenopathy or signs of bone marrow failure on FBC
which may indicate a myelo- or lymphoproliferative
disorder.
Figure 12.3 CT abdomen showing hepatosplenomegaly with

What further specialist investigation
would you undertake?
All adults with nephrotic syndrome should proceed to a
renal biopsy in order to ascertain the underlying cause.
In addition, Mr Popham also has signiﬁcant associated
renal impairment of unknown cause. He will need an US
scan prior to this to conﬁrm the presence of two normalsized kidneys and to exclude obstruction. An US scan will
also allow conﬁrmation of the presence and size of an
enlarged liver and spleen and ascites.
He has abnormal LFT so a hepatic screen should also
be undertaken including hepatitis A/B/C, EBV and CMV
serology, an autoimmune liver screen (antimitochondrial antibodies and ANA are associated with primary
biliary cirrhosis (PBC), and anti-smooth muscle antibodies and anti-liver kidney microsomal (LKM) antibody are
associated with chronic active autoimmune hepatitis
(CAH)). Immunoglobulin levels can also be useful (polyclonal elevation of IgA in ALD, IgG in CAH and IgM in
PBC). Other useful immunological investigations (given
that SLE is in the differential diagnosis of nephrotic syndrome) are anti-dsDNA antibody, anti-Sm antibody and
complement (C3/C4).
The ECG shows a conduction abnormality, so one
might proceed to a 24-hour tape to exclude any signiﬁcant pauses. In addition, an echocardiogram would be
useful to assess whether he has any focal wall abnormalities suggesting ischaemic heart disease or a more generalised myocardial pathology suggesting inﬁltration or

restrictive/hypertrophic cardiomyopathy. Thyroid function tests would also be performed.
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some ascites.
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What general treatment measures
could you begin whilst awaiting the
results of the renal biopsy?
Patients with nephrotic syndrome are treated with
diuretics in an attempt to reduce the oedema and bring
symptomatic relief. Typically loop diuretics are used, e.g.
furosemide, and often high doses will be needed, e.g.
80–150 mg. If the patient has established oedema this
may include gut mucosal oedema, making oral diuretics
ineffective due to reduced absorption and necessitating
the use of intravenous diuretics. Whilst using diuretics,
the patient should be ﬂuid restricted, e.g. 1 L/day. Daily
weights and an accurate ﬂuid balance chart will be useful
in the overall management of his oedema.
Normally an ACEI or ARB would be started in an
attempt to reduce the proteinuria. However, this patient
already has signiﬁcant renal impairment and given his
blood loss post biopsy and your introduction of a diuretic
and ﬂuid restriction, his renal function is already at high
risk of declining. Therefore in this case, you would
hold off an ACEI or ARB and carefully monitor renal
function.

How would you interpret these results?
The kidneys are on the large side for a man of 80 years
of age (12.5 cm). This immediately suggests the possibility of an inﬁltrative process. The biopsy changes are
typical of renal amyloidosis.
Amyloid is deﬁned as an extracellular substance
composed of non-branching, 8–10 nm diameter ﬁbrils
which stain apple-green with Congo red when viewed by
birefringent light. Fibrils are insoluble and arranged in
β-pleated sheets when studied by X-ray diffraction. Each
ﬁbril is made from a complex of glycoproteins and
proteins, which individually are normally soluble.
Amyloid can be classiﬁed as localised (e.g. as seen in
Alzheimer’s plaques in which Aβ protein precursor
forms part of the ﬁbrils) or systemic, as seen in this case.
Systemic amyloidosis was traditionally classiﬁed into
primary (AL) or secondary (AA) forms. AL amyloidosis
is considered to be a plasma cell dyscrasia, in which there
are plasma cells producing abnormal light chain (quantity and quality usually abnormal). In AL amyloid, these
immunoglobulin light chains combine with serum
amyloid P (SAP) and glycosaminoglycans (GAG) to form
insoluble ﬁbrils. In AA amyloid, ﬁbrils are composed of
the acute phase protein serum amyloid A (SAA) together
with SAP and GAG (Figure 12.5). SAP and GAG are
found in all amyloid ﬁbrils. SAP is a glycoprotein produced in the liver and is a member of the pentraxin
family (which includes CRP).
As a variety of constituent proteins in amyloid ﬁbrils
have now been identiﬁed, the classiﬁcation system has
AL a yloid
Light
chain

SAP

+
GAGs

AA a yloid
SAP
SAA
Figure 12.4 Renal biopsy. Deposition of an amorphous pink

+
GAGs

hyaline material on H+E staining, ﬁlling much of the mesangium of
this glomerulus.

Figure 12.5 Primary (AL) and secondary (AA) amyloid.
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Table 18.1 Infections and renal disease
Infection

Typical renal pathology

Typical presentation

Other renal manifestations

Hepatitis B

Membranous GN

Nephrotic syndrome +/− microscopic
haematuria

MCGN
PAN

Hepatitis C

MCGN type I due to
cryoglobulinaemia

Dipstick proteinuria/haematuria or nephrotic
syndrome

Membranous GN

HIV

HIV-associated nephropathy
(HIVAN or collapsing FSGS)

Nephrotic syndrome or
proteinuria+/− haematuria

IgA nephropathy
MCGN
Membranous GN
Diffuse proliferative GN
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• Renal US
• Renal biopsy

What are cryoglobulins and why are
they difﬁcult to detect?
Cryoglobulins are immunoglobulins (antibodies) which
agglutinate or precipitate in the cold (at temperatures
<37 °C). Thus blood must be taken and kept warm
(usually taken to the lab in a Thermos ﬂask) or else they
will precipitate out and will not be detectable by the time
the sample gets to the laboratory. The serum is then
stored at 4 °C for 1–3 days, after which the cryoprecipitate is visible in the bottom of the tube and is quantiﬁed
to give the cryocrit. The antibodies may be IgG, IgM or
IgA. Cryoglobulins are classiﬁed according to whether
the antibodies have a single speciﬁcity (monoclonal) or
multiple speciﬁcities (polyclonal) or a mixture of the two
(Table 18.2, Figure 18.1).
If the cryocrit is >1 g/L then patients may become
symptomatic because signiﬁcant quantities of cryoglobulin precipitate in peripheral blood vessels. This is frequently manifest as cutaneous vasculitis, as vessels
supplying the skin are blocked or complement is activated by the cryoprecipitate. Other manifestations
include neuropathy, arthropathy and renal impairment.
The monoclonal IgM in type II (mixed) cryoglobulinaemia is frequently speciﬁc for the Fc portion of IgG,
i.e. it is a rheumatoid factor antibody. Thus, it is worth
doing a test for the presence of rheumatoid factor if cryoglobulinaemia is suspected as this is technically easier and
often returns before the cryoglobulin result. The binding
of these RF antibodies to the polyclonal IgG making up
IgM-IgG complexes is one mechanism by which precipitation is thought to occur.

Table 18.2 Classiﬁcation of cryoglobulinaemia
Classiﬁcation

Antibody
speciﬁcity

Associations

Type I

Monoclonal

Multiple myeloma
Waldenstrom’s
macroglobulinaemia
Lymphoproliferative disorders

Type II

Mixed

Hepatitis C infection
Autoimmune disease, e.g. SLE

Type III

Polyclonal

Autoimmune disease,
particularly primary biliary
cirrhosis
Infections, e.g. HCV,
mycoplasma

What might be the cause of his rash?
The description is typical of livedo reticularis, a lace-like
purplish discoloration, usually affecting the lower limbs.
It occurs as blood slows down in the cutaneous vascular
network because of cryoprecipitation. It is also seen in
patients with anticardiolipin antibodies. Other cutaneous manifestations of cryoglobulinaemia include purpura
and ulceration.
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Type I

Type II
IgM

Type III
IgG

IgM

IgG

Light chain

v

Fc

Heavy chain

μμ
γγ

Monoclonal
IgM, IgG or IgA with a single
specificity, i.e. they have the sa e
V region and are derived fro the
sa e plas a cell clone

Mixed
Usually a onoclonal IgM (often RhF)
and polyclonal IgG, antibodies with
a ixture of different V regions with
different specificities

Polyclonal
Co posed of polyclonal IgM
and IgG antibodies, which
ay include so e RhF
antibodies

What would you expect the renal biopsy
to show?
Mesangiocapillary GN (MCGN) type I (also known as
membranoproliferative GN). Typical features include:
• mesangial and endocapillary proliferation
• intraluminal thrombi
• mesangial and luminal deposition of IgM, IgG and C3
• EM demonstrates subendothelial deposits.

How is mesangiocapillary
glomerulonephritis classiﬁed?
Mesangiocapillary glomerulonephritis is classiﬁed
according to differences in histological appearance into
types I–III, mainly according to differences in EM
appearance as summarised in Table 18.3. Type I is most
common.
As with all glomerulonephritides, MCGN can occur as
a primary/idiopathic disease or secondary to a number
of other conditions, mainly infections, as in the case of
Mr Phillips. Secondary MCGN tends to show a type I
pattern with subendothelial deposits and activation of
the classic complement pathway (low C4). This may be
because the associated diseases all produce persistent
antibody responses which can activate complement via
the classic pathway (Figure 18.2). Associations include
the following.
• Infection
䊊 Streptococcal including endocarditis (type I+II)
䊊 Shunt
nephritis (associated with staphylococcal
infection of atrioventricular shunts, used for treatment
of hydrocephalus)
䊊 Mycobaterial disease (TB/leprosy)

Hepatitis B and C
Malaria
• Autoimmunity
䊊 SLE (type I+II)
䊊 Systemic sclerosis
䊊 Sjögren’s syndrome
䊊 Mixed
cryoglobulinaemia (may be caused by
HCV)
• Dysgammaglobulinaemia
䊊 Lymphoma
䊊 Myeloma
䊊 Leukaemia
• Factor H mutations
In most patients MCGN is primary/idiopathic. In such
cases, a general observation is that patients have activation of the classical or alternative complement pathway
(evidenced by low C3 and C4). In some cases, speciﬁc
factors have been identiﬁed which mediate alternative
complement activation and are termed ‘nephritic factors’.
Two nephritic factors have been characterised.
• C3NeFa: ﬁrst factor identiﬁed. Found in patients with
type II MCGN. C3NeFa (the ‘a’ being for the ampliﬁcation loop) is an IgG autoantibody which binds to an
epitope of the activated form of factor B, to form a
complex C3bBbNeFa. This complex is more stable than
the native C3bBb and is also resistant to inactivation by
factor H. In some patients it is associated with partial
(upper body) lipodystrophy (atrophy of fat). This is
because adipocytes play a role in controlling complement
by producing factor D (a protease which breaks down
factor B). C3NeFa inhibits this process, causing local lysis
of adipocytes.
䊊
䊊
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Figure 18.1 Cryoglobulinaemia.
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Table 18.3 Classiﬁcation of MCGN
Classiﬁcation

Biospy (light microscopy)

Biopsy (immunostaining)

Biopsy (EM)

Type I

Mesangial proliferation
Double contour BM

Peripheral C3, IgG
+/−C4, C1q

Subendothelial deposits

Type II
(‘dense-deposit disease’)

Mesangial proliferation
Thickened BM

Mesangial C3

Deposits within the basement
membrane

Type III

Mesangial proliferation

Peripheral C3, IgG

Subendothelial deposits
Subepithelial deposits

Classical pathway
Activated by
i
une co plexes

Alternative pathway
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C1

C4, C2

Factor D

C3

C4bC2a

C3bBb
C3 NeF

C3b

C5

Podocyte
(epithelial cell)

Factor B

C5b

MAC

Base ent
e brane
Type II MCGN

Type I MCGN

Deposits of i
une co plexes
within BM, therefore inaccessible
to circulating co ple ent, and
do not activate the classical
pathway. Presence of C3
nephritic factor activates
alternative pathway (low C3)

Sub-endothelial deposits
of i
une co plexes which
are accessible to circulating
co ple ent and therefore
activate the classical
pathway (low C4/C3)

Figure 18.2 Complement pathway
Endothelial cell

Mesangial cell

activation in MCGN.

Table 18.4 Clinical features of different types of MCGN
Classiﬁcation

Complement pathway

Complement levels

Other features

Type I

Classical pathway

Low C3, C4

Associated with cryoglobulinaemia
Rarely associated with Factor H
associations

Type II
(‘dense-deposit disease’)

Alternative pathway

Very low C3

C3NeFa identiﬁed in some patients
Partial lipodystrophy

Type III

Terminal pathway

Boderline low C3, C4, C5

Older patients
Prognosis better
C3NeFt identiﬁed in some patients
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is found in patients with type III MCGN. It principally
activates the terminal complement components, and
patients with C3NeFt have depressed levels of both C3
and C5.

How should Mr Phillips be treated?
General managment includes BP control and control of
proteinuria. This is probably best achieved by using ACEI
or ARB.
His hepatitis C infection needs to be worked
up further. He should therefore be referred to a hepatologist. Treatment of his hepatits C infection should lead
to an improvement in cryoglobulinaemia and renal
disease.

What is the prognosis of Mr Phillips’
problem?
The prognosis of HCV-associated cryoglobulinaemic
MCGN is not well deﬁned because prior to the identiﬁcation of HCV, many patients were treated with immunosuppressive therapy (steroids+/−cytotoxins such as
cyclophosphamide) and did quite poorly. A study in the
pre-HCV treatment era showed that 45% gained some
improvement in renal function, in 20% it stayed the same
and 35% progressed to ESRF. Outcomes are very much
better with the use of antiviral treatment. Some nephrologists advocate the use of immunosuppressant and antiviral treatment in patients who have signiﬁcant or
progressive renal impairment.
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• C3NeFt: the nephritic factor of the terminal (t) pathway

CASE REVIEW
This is a case of an ex-intravenous drug user who presented
with hypertension and blood and protein on urine dipstick
and a history of livedo retiularis on his thighs. Investigations
showed renal impairment, hepatitis C infection and the
presence of cryoglobulins in the blood. Renal biopsy

conﬁrmed the diagnosis of cryoglobulin-associated
MCGN. His HCV infection was treated with interferon
and ribavirin, which improved both renal function and
dipstick abnormalities.

KEY POINT S
• Patients with chronic infections such as hepatitis B, C and

•

•

•
•

HIV can develop GN. In patients with hepatitis C, this is
typically type I MCGN and is frequently associated with
the presence of cryoglobulins.
Cryoglobulins are antibodies which precipitate at <37 °C.
They are classiﬁed according to their speciﬁcity
(monoclonal or polyclonal).
In HCV infection, cryoglobulins are usually a mixture of a
monoclonal IgM and polyclonal IgG and are present in up
to 50% of patients. Only a minority are symptomatic
(1%).
Patients with HCV-associated cryoglobulinaemia often
have +ve RF and low circulating C3 and C4 levels.
MCGN is classiﬁed into three types according to
histological appearances, and each type can be primary/
idiopathic or can occur secondary to other problems such

as cryoglobulinaemia or infection. Type I is the most
common followed by Type II.
• Type I MPGN is characterised by subendothelial immune
deposits on EM and activation of the classical complement
pathway (low C3 and C4).
• Type II MPGN is characterised by immune deposits within
the basement membrane on EM and activation of the
alternative complement pathway (low C3). In some
patients with type II MPGN, a nephritic factor is identiﬁed
(C3NeFa). This is an IgG autoantibody which stabilises
C3bBb, thus causing excessive activation of the alternative
complement pathway. It can also be associated with
partial lipodystrophy.
• In the case of HCV-associated cryoglobulinaemia with
type I MCGN, both problems can respond well to
treatment of the underlying hepatitis C infection.
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Case 19 A 35-year-old man with macroscopic
haematuria

>

What is the most likely cause of his pain
and macroscopic haematuria?
The most likely underlying diagnosis is adult polycystic
kidney disease (APKD), also known as autosomal dominant polycystic kidney disease (ADPKD). APKD is relatively common, affecting around one in 800 individuals
in caucasian populations. Although cyst formation
begins in childhood, it doesn’t usually become clinically
evident until adulthood. Patients with APKD have multiple ﬂuid-ﬁlled cysts in both kidneys (Figure 19.1).
These may ﬁll with blood following trauma, resulting in
severe abdominal pain and macroscopic haematuria, as
in this case. The cysts may also become infected, causing
pain, fevers, rigors and systemic sepsis. Infections in cysts
may be difﬁcult to clear.
Renal stones (uric acid > calcium oxalate) are twice as
common in patients with APKD as in the general population and may also cause ﬂank pain in this patient group.

What further aspects of the history
would you explore?
Adult polycystic kidney disease can cause hypertension
and CKD, so any history of headaches/visual disturbance
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(hypertension), tiredness or breathlessness (anaemia),
itchiness (hyperphosphataemia) or nausea (uraemia)
should be obtained.
Patients with APKD may have cysts in other organs
including the liver (80%), pancreas, ovaries, lungs and
thyroid. They may therefore have symptoms (most likely
pain) related to these. In some patients, liver cysts predominate, leading to liver failure which can be so severe
as to require liver transplantation.
Adult polycystic kidney disease can also be associated
with valvular heart disease, diverticular disease and berry
aneurysms. Any history consistent with these associated
features of APKD, including history of stroke/cerebral
haemorrhage, should be sought. Some patients also
develop coronary artery aneurysms.

Why is it important to take a careful
family history?
Adult polycystic kidney disease is an autosomal dominant condition. New mutations occur in only 5% of
cases, although many patients will not be aware of a positive family history of disease. Closer questioning or discussion with older relatives may prompt recall of a family
member who died of ‘kidney trouble’ or ‘brain haemorrhage’. Associated berry aneurysms do not occur in all
affected families.
Autosomal dominant polycystic kidney disease is caused
by mutations in one of two genes, PKD1 (chromosome
16p) and PKD2 (chromosome 4q), encoding polycystin
1 and polycystin 2 respectively. Mutations in PKD1 are
more common than PKD2, accounting for 85% of cases
of APKD. Mutations in either gene lead to cyst formation
but PKD1 mutations tend to be associated with an
increased number of renal cysts and the development of
renal failure at a younger age. On average, this occurs 20
years earlier in patients with PKD1 mutation (median age
of ESRF 50 years versus 70 years in patients with PKD2
mutations).
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Figure 19.1 Polycystic kidneys post-nephrectomy (undertaken
because of recurrent cyst haemorrhage and discomfort).
Figure 19.3 An abdominal CT scan showing liver cysts in a patient
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with APKD.

What investigations would you
perform?
• Blood tests

Figure 19.2 An abdominal CT scan showing massively enlarged,
cystic kidneys in a patient with APKD.

What additional examination ﬁndings
would you seek?
• Signs associated with chronic hypertension, e.g. reti-

nopathy, left ventricular hypertrophy (hyperdynamic,
heaving apex beat +/− systolic ﬂow murmur).
• Signs consistent with valvular pathology: careful auscultation of the praecordium to rule out murmurs, particularly mitral valve prolapse, although patients may
have MR or AR.
• Signs consistent with cysts in other organs: in patients
with a large number of renal or liver cysts, organomegaly
will be detectable on abdominal examination (Figures
19.2 and 19.3 show a CT from a patient with massively
enlarged kidneys and liver cysts).

䊊 Full blood count: he has macroscopic haematuria
and so could have had a signiﬁcant fall in his haemoglobin. Platelet count should also be checked as thrombocytopaenia may predispose to easy bleeding.
䊊 PT and APTT: clotting abnormalities may lead to
haemorrhage with minimal trauma.
䊊 U+E: to conﬁrm elevated creatinine documented on
admission bloods, and to assess for abnormalities of
potassium and urea.
䊊 LFT, albumin.
䊊 Calcium and phosphate: if he has signiﬁcant CKD
as a result of his APKD then there may be a reduced
production of 1,25(OH)2Vit D and hence hypocalcaemia. This stimulates the release of PTH from the parathyroids (secondary hyperparathyroidism).
• ECG: to assess for signs of LVH which might be associated with chronic hypertension (i.e. left axis deviation,
and sum of S in V1 orV2 plus the R in V5 orV6 >35 mm).
• CXR: to assess heart size (looking for cardiomegaly
secondary to LVH in chronic hypertension).
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as well as the development of LVH (which is associated
with cardiovascular morbidity and mortality later
in life).

Mr Jenkins asks whether his
3-year-old daughter can be screened
for the disease. What advice
would you give?
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What immediate management steps
would you undertake?
Mr Jenkins is haemodynamically stable with no respiratory compromise. The main issue is therefore pain
control. Haemorrhage into cysts and cyst rupture can be
very painful, in part due to the presence of clots in the
renal collecting system causing renal colic. Management
includes bed rest and analgesia (often opiates). Intravenous ﬂuids should be given to increase urine output
to 2–3 litres/day, in an attempt to wash the clot out of
the kidney.
Mr Jenkins should be informed of the possibility
of recurrent episodes of macroscopic haematuria
and given advice on how to manage these episodes
at home with simple analgesia and oral hydration. He
may not require admission for all episodes, if managed
in this way. He should also be advised to avoid contact
sports in which abdominal trauma may occur (e.g. rugby
or boxing).

What other issues need to be
addressed during follow-up?
Mr Jenkins is hypertensive (even when pain free). He also
has ECG changes consistent with LVH, i.e. end-organ
damage resulting from hypertension, which should be
treated. In APKD, treatment of blood pressure is recommended for adults with a BP >130/80 mmHg. ACEI
inhibitors or ARB are preferred because there is some
evidence that treatment with these agents is associated
with a preservation of renal function in patients with
APKD (see later).
Patients with APKD can develop hypertension in
childhood (said to occur in 35% of patients) which, if
untreated, can contribute to declining renal function

Although the two genes causing APKD have been identiﬁed, genetic screening for PKD1 mutations is not a particularly useful tool unless a large number of family
members with disease are available for linkage analysis.
Even then, this is difﬁcult because the gene is very big,
with areas of duplication, and a large number of mutations have been described. Some centres screen for PKD2
mutations (if there is a sufﬁcient family pedigree) but this
gene is abnormal in only 10% of cases.
In adults with a positive family history of APKD,
radiological screening with ultrasound (which can detect
cysts of >1 cm) is useful. The proposed criteria for diagnosis include:
• age <30 years: two or more unilateral or single bilateral
cysts in patients
• age 30–59 years: 2+ cysts in each kidney
• age >60 years: at least four cysts in each kidney.
However, the absence of cysts in patients <30 years does
not rule out the diagnosis.
In patients with a positive family history of cerebral
haemorrhage or aneurysm, MR angiography is recommended. In the absence of a positive family history of
aneurysm, screening is not routinely recommended for
asymptomatic patients.
In the case of Mr Jenkins’ daughter, a reasonable strategy would be to screen on an annual basis for elevated
BP or urine dipstick abnormalities. Any hypertension
should be treated. Once she is in her late teens, a US scan
could be performed. The absence of cysts at this stage
would make disease unlikely. The scan should then be
repeated when she is >30 years and if there are still no
cysts at this time, APKD is virtually excluded. Pursuing
a diagnosis more aggressively in younger individuals
currently has little beneﬁt because of the lack of proven
disease-modifying agents, although careful BP control
in individuals with disease is important as early
as possible.
Prior to screening at any age, patients should undergo
appropriate counselling about the nature of the disease
and the implications of a positive diagnosis on their life,
for example, getting life insurance.
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What is the likelihood that Mr Jenkins
will need renal replacement therapy?
Renal failure requiring RRT occurs in at least 50% of
patients, and typically develops in the fourth to sixth
decades of life. In patients with APKD, compensatory
hyperﬁltration in surviving nephrons may maintain a
normal GFR for a number of decades, in spite of signiﬁcant cyst formation. APKD accounts for 10% of patients
requiring RRT in the UK.
Imaging studies (with US, MR or CT) allow an estimation of kidney volume, which can be useful in predicting
the risk of development of renal failure. The combined
volumes of both polycystic kidneys frequently exceeds
1000 mL, compared with 300 mL for normal female
kidneys and 400 mL for male kidneys. Combined kidney
volumes of >1500 mL are associated with a decrease
in GFR.
Mr Jenkins already has a signiﬁcant number of cysts
and a reduced GFR. Serial monitoring of his renal func-

Why do polycystic kidney disease
mutations lead to cyst formation?
The precise mechanisms of cyst formation are unclear
but we do know something about the normal functions
of the polycystin proteins. Polycystin-1 is a large
(>4000 aa) membrane protein with 11 transmembrane
domains, a short cytoplasmic domain and a long extracellular domain. It is located at desmosomal and adherens junctions in renal epithelial cells and is thought to
play some role in cell–cell adhesion. Polycystin-1 and
polycystin-2 also form part of the primary cilium, an
organelle thought to be important as a ﬂow sensor in
renal tubular epithelial cells. Cell cilia are also essential
for cell division, acting as organizers of the mitotic
spindle poles during mitosis. The cytoplasmic domain of
polycystin-1 appears to interact with polycystin-2, as well
as with a number of other molecules including TSC2
(tuberin). TSC2 forms part of the tuberous sclerosis
complex, which lies in the mTOR pathway and may
explain the observed beneﬁcial therapeutic effect of sirolimus (which inhibits the mTOR complex 1, mTORc1)
in APKD.
The processes which initiate cyst formation are
unclear, but intrafamilial heterogeneity and the focal
nature of cyst formation have led to the ‘two-hit hypothesis’ for cyst formation, which suggests that cysts form in
cells with an inherited mutation in one allele and a
somatic mutation occurring in the other allele. Once cyst
formation is under way, dysfunction of polycystin-1or -2
allows dysregulated proliferation of the tubular epithelial
cells lining cysts, promoting cyst growth.

What other renal cystic diseases
do you know?
Autosomal dominant polycystic kidney disease is the
most common renal cystic disease. Others include von
Hippel–Lindau syndrome and tuberous sclerosis. Their
features are summarised in Table 19.1.
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What would you say?
There are currently (2009) no proven treatments which
have been shown to reduce cyst formation or progression
in a randomised controlled trial. The Halt Progression of
Polycystic Disease study, currently recruiting, should
determine whether a combination of ACEI and ARB can
reduce the rate of increase of kidney volume as well as
decline in renal function.
There are some data to suggest that sirolimus (rapamycin) may reduce cyst formation. This was ﬁrst noted
in patients who had undergone kidney or liver transplantation and were placed on sirolimus as their antirejection medication. Serial abdominal scans showed a
reduction in renal cyst volume. Currently, there is insufﬁcient evidence to routinely start patients with APKD on
this immunosuppressant, which has a number of signiﬁcant side-effects.
Other agents being evaluated include tolvaptan (ADH
analogue) and octreotide.

tion should be performed to allow optimal preparation
for RRT when required, as well as for the treatment of
complications associated with CKD, e.g. anaemia and
hyperphosphataemia.
Ideally, he should be placed on the renal transplant
waiting list 6 months prior to the anticipated dialysis
start-date. In some patients, native polycystic kidneys can
be so big that there is no space within the abdomen for
the transplant. In such cases a native nephrectomy may
be required to make room for the renal allograft prior to
the patient being listed for transplantation.
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Table 19.1 Renal cystic diseases
Frequency

Aetiology

Clinical features

APKD

1/500–1/1000

Autosomal dominant. Mutations
in PKD1, ch16 (encoding
polycystin-1) & PKD2, ch 4
(polycystin-2)

Hypertension/haemturia/loin pain in early
adulthood. ESRF in mid-late adulthood

Infant PKD

1/10,000

Autosomal recessive. Gene on
ch 6

ESRF in childhood. Associated with
severe hepatic ﬁbrosis. Poor prognosis

Von Hippel–Lindau
syndrome

1/30,000–1/50,000

Autosomal dominant. VHL gene
located on ch 3 and is a
tumour suppressor gene

Renal cysts are premalignant, therefore
nephrectomy may be required. Also
develop phaeochromocytoma and
spinocerebellar haemangiomas

Tuberous sclerosis

1/10,000

Autosomal dominant. Mutations
in TSC1, ch 9 (hamartin) and
TSC2, ch16 (tuberin). Both
are tumour suppressor genes
and function as a complex in
the mTOR pathway

Characterised by CNS tubers (epilepsy),
skin lesions (shagreen patches,
angioﬁbromas)
Renal involvement includes cysts,
angiomyolipoma and renal cell
carcinoma

Medullary sponge kidney

1/5000–1/10,000

Sporadic, unknown aetiology.
Cysts develop from ecstatic
collecting ducts

Cysts may calcify, leading to
nephrocalcinosis. Associated with renal
calculi and recurrent UTI

Simple cysts

Increases with age

Sporadic, unknown aetiology

Single or multiple ﬂuid-ﬁlled cysts.
Usually asymptomatic incidental
ﬁnding on US

C ASE REVIEW
A 35-year-old man presents with loin pain and haematuria
after trauma to his ﬂank during a rugby game. He has a
fullness in his right ﬂank and a palpable liver edge.
Investigations show mild renal impairment and more than
ﬁve cysts in both kidneys on ultrasound, consistent with a

diagnosis of APKD. He is treated with analgesia and
intravenous ﬂuids. Further management included blood
pressure control, monitoring of renal function and
counselling of family members.

K EY P OINTS
• Autosomal dominant polycystic kidney disease is

• Mutations in two genes have been identiﬁed: PKD1

characterised by the development of cysts in all parts of
the nephron. It is relatively common, occurring in one in
800 in caucasian populations. Around 10% of patients
requiring RRT in the UK have ESRF secondary to APKD.
• Clinical presentation includes ﬂank pain, macroscopic
haematuria, hypertension and renal impairment. Many
patients are diagnosed as a result of family screening.
• Cysts form not only in the kidneys but also in other
organs including the liver, pancreas and ovaries. Other
manifestations include mitral valve prolapse, berry
aneurysms and intestinal diverticulae.

(chromosome 16p), accounting for 85% of cases, and
PKD2 (chromosome 4q) in 10% of cases.
• No treatments have been proven to reduce cyst
formation.
• Patients should be monitored for hypertension, and this
should be treated with ACEI where possible.
• Other cystic renal diseases include autosomal recessive
(infantile) PKD, von Hippel–Lindau syndrome and tuberous
sclerosis.

Case 20 An 82-year-old woman with dark urine
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likelihood of precipitating pulmonary oedema e.g. give 1
litre of normal saline over 4 hours.
A cannula is placed and Mrs Ring is started on some
normal saline. Some routine blood tests are sent (results
shown below) and a urine sample for microscopy.

×
×

What treatment should Mrs Ring receive
as a matter of urgency?
She is hyperkalaemic with ECG changes (peaked T
waves). This needs to be treated to prevent potentially
fatal cardiac arrhythmias.

What is your ﬁrst management priority?
Mrs Ring’s airway and breathing are satisfactory but she
is intravascularly volume depleted as evidenced by tachycardia, a relatively low BP for an elderly lady, JVP not
visible, reduced skin turgor and dry mucus membranes.
She should therefore be rehydrated with intravenous
ﬂuids. In elderly patients, these should not be given too
quickly in case of left ventricular dysfunction and the

Why is Mrs Ring hypernatraemic?
The most likely cause of hypernatraemia in this case is
dehydration or water depletion. Other causes are shown
in Box 20.1.
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Figure 20.1 Dark brown urine.

Box 20.1 Causes of hypernatraemia
• Fluid loss without water replacement, typically fever,
vomiting, diarrhoea, burns.

• Incorrect IV ﬂuid replacement (if patient is NBM and
maintained on IV ﬂuids then N saline should be
alternated with 5% dextrose).
• Diabetes insipidis: inability to concentrate urine,
therefore dilute urine produced and plasma becomes
increasingly hyperosmostic.
• Hyperaldosteronism: can be primary, as in Conn’s
syndrome. This is associated with hypokalaemia.

What is the most likely cause of her
dark urine, given that she is dipstick
blood 4+ but has no red cells on
microscopy?
This is most likely to be due to the presence of myoglobin
in the urine. Myoglobin is a muscle protein which is
freely ﬁltered at the glomerulus. It leads to dark urine and
gives a false positive for blood on urine dipstick (as does
haemaglobinuria).
True haematuria can also give dark urine, particularly
if it is glomerular in origin, giving so-called ‘cokecoloured’ urine. However, in cases of glomerular haematuria, dipstick will be positive for blood, but there will
also be red cell casts or misshapen/fragmented red cells
visible on urine microscopy. Macroscopic haematuria
from the lower urinary tract can lead to red-brown discolouration of the urine, becoming darker if the urine

remains in the bladder for a longer period. In such cases,
the dipstick is positive for blood and morphologically
normal red cells can be visualised on microscopy. Redbrown discoloured urine can also be seen with rifampicin
treatment, beetroot ingestion and in some cases of porphyria. In these conditions the dipstick will be negative
for blood.

Why has she developed acute renal
impairment?
The most likely differentials are as follows.
• Pre-renal
failure/ATN secondary to volume
depletion.
• Rhabdomyolysis: a number of features make this a
possibility.
䊊 The probable presence of myoglobin in the urine.
䊊 Hypocalcaemia: in part due to binding of calcium to
damaged muscle cells. In rhabdomyolysis, hypocalcaemia does not usually become so severe as to require
corrective treatment.
䊊 Elevated K+, disproportionate to the degree of renal
impairment. Potassium is released from damaged
muscle cells as they die.
䊊 A compatible history with a prolonged period of
immobility and exposure to statins.

What additional investigations would
you perform?
• Creatine kinase (CK): CK is a muscle enzyme which is

released following damage by any cause. In rhabdomyolysis levels are usually raised at least ﬁve times the
normal range and can be 100 times normal. CK levels rise
12 hours after the initial damage and the higher the peak
level, the more likely that renal impairment will occur.
• US renal tract: to exclude any other cause of acute
renal failure such as obstruction or in this case haematoma (less likely).

×
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Box 20.2 Causes of rhabdomyolysis

Non-physical causes
• Disorders of muscle energy supply (usually hereditary
enzyme problems), for example, carnitine deﬁciency,
McArdle’s disease, phosphofructokinase deﬁciency
• Toxins
䊊 Heavy metals
䊊 Snake/insect venom
䊊 Foodborne toxins, e.g. coniine from quail that have
consumed hemlock (coturnism), some wild mushrooms contain rhabdo-causing toxins
• Recreational drugs
䊊 Alcohol
䊊 Metamphetamines
䊊 Cocaine

Heroin
3,4-Methylenedioxymethamphetamine (MDMA or
Ecstasy)
• Medications
䊊 Statins, especially when prescribed in combinations
with ﬁbrates. The risk is said to be 0.44 cases per
10,000 patients annually, which increases to 5.98 if a
ﬁbrate is added.
䊊 Antipsychotic medications: neuroleptic malignant
syndrome, can cause severe muscle spasms and
rhabdomyolysis.
䊊 Neuromuscular blocking agents, used in anasthesia,
may cause malignant hyperthermia, also associated
with rhabdomyolysis.
• Infections
䊊 Coxsackie
䊊
䊊

䊊

Herpes viruses
Legionella
䊊 Salmonella
• Electrolyte and metabolic disturbances
䊊 Hyper- and hyponatraemia
䊊 Hypokalaemia
䊊 Hypocalcaemia
䊊 Diabetic ketoacidosis
䊊 Hypothyroidism
• Autoimmune muscle damage: polymyositis,
dermatomyositis
䊊
䊊

What are the causes of rhabdomyolysis?
Rhabdomyolysis can occur secondary to physical trauma
to muscle or due to non-physical causes, such as drugs
(summarised in Box 20.2). The most common pharmacological culprit is statins. In many cases of rhabdomyolysis it is likely that there are contributions from both
physical and non-physical causes (as seen in this case),
for example, if a patient has a history of heavy exercise
followed by heavy alcohol intake. In all cases, swelling of
damaged muscle can lead to compartment syndrome;
that is, the swelling of muscle within a fascial compartment can compromise its blood supply by compressing
incoming vessels. This leads to further muscle damage
and a vicious cycle which can only be interrupted by
surgical decompression.

Why does rhabdomyolysis lead
to renal failure?
Myoglobin is thought to be directly toxic to renal tubules.
It is small enough to be freely ﬁltered at the glomerulus.
Under acidic conditions myglobin precipitates with
Tamm Horsfall protein and forms casts within tubules
which obstruct the normal ﬂow of ﬁltrate through the
nephron. Cast formation is facilitated by high levels of
uric acid and acidiﬁcation of the urine. In addition, iron
released from the myoglobin is thought to generate reactive oxygen species, which can further damage the tubular
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Physical trauma
• Compression of muscles: crush syndrome (e.g. in
earthquakes), car accident, conﬁnement in a ﬁxed position
(e.g. after a stroke, due to drunkenness or in prolonged
surgery).
• Muscle ischaemia: arterial thrombosis or embolism, arterial
clamping during surgery, generally reduced blood supply
if patient is profoundly hypotensive, e.g. severe sepsis.
• Excessive muscle activity: extreme physical exercise
(particularly when poorly hydrated), muscle tetany,
prolonged seizures or status epilepticus.
• Electrocution: for example, lightning strike, high-voltage
electric shock.
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Date:
Ward:

Adult daily fluid balance chart (si ple)

Pump asset numbers:

Pump 1

Previous days

Pump 2

Balance:

Weight:

Fluid restriction:

Input in mL
Input 1

01:00
02:00
03:00
04:00
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05:00
06:00
07:00
08:00
09:00
10:00
11:00
12:00
13:00
14:00
15:00
16:00
17:00
18:00
19:00
20:00
21:00
22:00
23:00
24:00
Total
Figure 20.2 Mrs Ring’s daily ﬂuid balance chart.
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cells. Renal biopsy usually shows acute tubular necrosis
in addition to casts.

How should Mrs Ring be treated?

Depending on the development of other complications,
such as compartment syndrome requiring surgical intervention, mortality in cases of rhabdomyolysis may be as
high as 20%.

• Stop statin.
• Continue rehydration: the aim is to promote a diuresis

What is Mrs Ring’s overall prognosis?
Mrs Ring’s renal failure should be reversible, although
she may need a period of renal support whilst her ATN
recovers. However, any patient admitted with singleorgan renal failure has around a 10% 1-year mortality.

Final note: historical description of
rhabdomyolysis
It is thought that the Bible may contain the earliest
account of rhabdomyolysis. In the Old Testament Book
of Numbers, the Jews demanded meat whilst travelling
in the desert. God sent quail in response to the complaints, and people ate large quantities of quail meat. This
was followed by a plague which killed numerous people.
Rhabdomyolysis after consuming quail was formally
described more recently and termed ‘coturnism’, after
Coturnix, the main quail genus. It is known that migrating quail consume large amounts of hemlock, which contains the poisonous alkaloid coniine, which has been
shown to cause rhabdomyolysis.

CASE REVIEW
An 82-year-old woman is admitted after a fall and a period
of immobility in a ﬁxed position on the ﬂoor. Medications
include aspirin and a statin. Urine is dark brown in colour
and dipstick positive for blood, but there are no casts or
red cells visible on urine microscopy. Investigations reveal
acute renal impairment and an elevated CK, in keeping

with a diagnosis of rhabdomyolysis with associated
myoglobinuria. She is treated with intravenous ﬂuid, but
requires a period of haemodialysis. She recovers her renal
function and is discharged with an appropriate care
package.

KE Y P OINTS
• Dark urine which is dipstick positive for blood but
contains no red cells or casts on microscopy is likely to
be due to myoglobinuria.
• Myoglobin is a muscle protein released following
damage to muscle ﬁbres (rhabdomyolysis).
• Rhabdomyolysis can be caused by physical damage to
muscle, for example, compression, excessive exercise,
prolonged seizure activity or electrocution.
• Rhabdomyolysis can also be caused by other factors
including infections (e.g. coxsackie, legionella),

recreational drugs (e.g. alcohol) and prescription drugs
(statins).
• The classic clinical picture is of elevated CK, high K+
(released from damaged muscle cells), low calcium
(bound to damaged muscle) and acute renal impariment.
• Treatment is rehydration with the aim of encouraging
diuresis and preventing myoglobin cast formation within
tubules. This may be facilitated by alkalinising the urine.
• Patients often require a period of renal support but can
fully recover renal function. Mortality is around 10–20%.
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so that lots of dilute urine is produced, making cast formation less likely. Thus once the patient is adequately
hydrated, diuretics such as furosemide can be used.
• Alkalinisation of urine: some nephrologists advocate
the use of intravenous bicarbonate in an attempt to alkalinise urine. This should reduce the likelihood of cast
formation.
• Supportive therapy including haemodialysis if necessary. Many patient end up requiring a period of renal
support, particularly if the peak CK levels are very high.

Case 21 A 28-year-old type I diabetic man with
abdominal pain and vomiting

What is HbA1c and what does it reﬂect?
Comment on Mr Harris’ HbA1c

What questions would you ask?
• Abdominal pain: duration, onset, site, nature, severity,
PA R T 2 : C A S E S

exacerbating and relieving factors?
• Vomiting: duration, what is he bringing up, does it

sound like haematemesis?
• Other abdominal symptoms: Bowel open? Passing

ﬂatus (if not, may point to intestinal obstruction)?
Abdominal distension (also associated with obstruction)?
• Systemic symptoms or symptoms suggestive of infection? Fever, sweats, cough, sputum, dysuria, frequency,
foot/leg ulcers? Diabetics are at increased risk of developing sepsis which can become severe very rapidly.
• Past medical history: how long has he had DM? Are his
blood sugars well controlled?
• Drug history: current insulin regimen and other drugs.
• Smoking history: smoker? Exacerbates diabetic microand macrovascular disease

HbA1c is a glycosylated form of Hb which normally
makes up around 5% of all Hb. If there are persistently
elevated levels of blood glucose, this proportion increases.
Glycosylation of Hb is irreversible so, once glycosylated,
HbA1c will remain in the circulation for the remaining
lifespan of the red blood cell (approximately 120 days).
Thus it reﬂects glycaemic state over a period of months.
Mr Harris’ HbA1c is signiﬁcantly elevated – it should be
<6.5%. Therefore, it is likely that his diabetes is poorly
controlled with frequent hyperglycaemia.

What are the important points to
address on examination?
• Is the patient well and haemodynamically stable (i.e.

not tachycardic, hypotensive, peripherally shut down)?
• Is his temperature elevated, which might point towards

an infection as the possible cause of presentation.
• Is there any source of sepsis? Infected ulcers on feet?

Signs consistent with a chest infection? Suprapubic tenderness or loin pain suggestive of UTI?
• Abdomen: site of maximal tenderness? Peritonitic?
Bowel sounds?

List some appropriate investigations
• U+E: patients with a long history of type I DM,
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with poor control, may have microvascular complications, including diabetic nephropathy with renal
impairment.
• Arterial blood gas: to assess whether the patient is
acidotic.
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I

aVR

C1

C4

II

aVL

C2

C5

III

aVF

C3

C6

II

• Full blood count: white cell count may be elevated if

• Look at the pH. Is the patient acidotic (pH < 7.35) or

there is infection.
• Blood cultures.
• Urinalysis: in particular looking for the presence of
ketones (associated with ketoacidosis), or of leucocytes
and nitrites (consistent with a UTI).
• Chest radiograph.
• HbA1c.
• ECG.

alkalotic (>7.45)?
at the pCO2. Is CO2 consistent with
the pH? Remember, CO2 is an acidic gas
(CO2 + H2O ↔ H2O2 ↔ H + + HCO3− ). In the case of
acidosis, if the primary problem is respiratory then
the CO2 will be elevated.
• Look at the bicarbonate. This gives information
about the metabolic component of the acid–base
disturbance.
In this case, pH < 7.35 so this is acidosis. pCO2 is low, so
the primary problem is metabolic, with respiratory compensation. The HCO3− is low, conﬁrming that this is a
metabolic acidosis.
Compensation is the process by which the body
attempts to correct an acid–base imbalance (Table 21.1).
If the primary problem is respiratory, then the kidneys
will try to correct the pH. This is achieved by retaining
HCO3− if there is a respiratory acidosis and secreting
HCO3− if there is a respiratory alkalosis. If the primary
problem is metabolic, then the lungs will try to correct
the pH. This is achieved by blowing off CO2 if there is a
metabolic acidosis and retaining CO2 if there is a metabolic alkalosis.

×

×

What sort of acid–base
disturbance is present?
Blood pH is normally very tightly regulated and is kept
between 7.35 and 7.45. The two organs responsible for
regulating H+ ion concentration are the lungs and the
kidneys. Acidosis is deﬁned as a pH < 7.35 and alkalosis
as a pH of >7.45.
When interpreting arterial blood gases, start with pH,
then look at pCO2, then look at bicarbonate.

• Look

How does the body sense acid–base
disturbances?
• Peripheral chemoreceptors are located in the carotid

and aortic bodies (which detect changes in H+, O2, CO2).
Signals are then carried via glossopharyngeal nerve to the
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Figure 21.1 An ECG demonstrating tented T waves in leads C3–5, consistent with hyperkalaemia. In addition, there is left axis deviation,
and borderline LVH with T wave inversion in the limb leads.

150

Part 2: Cases

PA R T 2 : C A S E S

Table 21.1 HCO3− and pCO2 levels in partially
compensated acid–base disturbances
pH

HCO3-

pCO2

Respiratory acidosis

<7.35

↑

↑

Respiratory alkalosis

>7.45

↓

↓

Metabolic acidosis

<7.35

↓

↓

Metabolic alkalosis

>7.45

↑

↑

respiratory centre in the medulla and the respiratory rate
is then altered.
• Central chemoreceptors are situated in the ventrolateral medulla (which detect changes in CO2). Again,
these lead to changes in respiratory rate according to
whether there is acidosis (increased respiratory rate to
blow off CO2) or alkalosis (reduced respiratory rate
to maintain CO2).

What is the anion gap in Mr Harris’
blood?
Anion gap = ( Na + + K + ) − (HCO3− + Cl − )
= (130 + 7.0) − (10 + 102)
= 137 − 112
= 25 mmol L
Normal anion gap is 10–18 mmol/L and represents the
unestimated anions in the blood which consist of
albumin, phosphate and other organic acids. It can help
in distinguishing the cause of a metabolic acidosis. In this
particular case, there is a metabolic acidosis with a high
anion gap.

of DKA include a reduced levels of consciousness,
abdominal pain (which may mimic an acute abdomen),
fever, polyuria, polydipsia. Haematological and biochemical features include high glucose, urinary ketones,
acidosis, hyperkalaemia, high white cell count (even
in the absence of infection) and an elevated amylase
(up to 10× upper limit of normal). The triad of hyperglycaemia, ketonuria and acidosis are the diagnostic
features of DKA.

What are the most appropriate
immediate management steps?
The life-threatening problems are dehydration and lack
of insulin. Therefore give:
• intravenous ﬂuids: normal saline (1 litre stat, 1 litre
over 1 hour, 2 hours, 4 hours, 6 hours). Add 20 mmol
KCl to all bags (except ﬁrst, if K+ >6 mM). The rate of
administration of intravenous ﬂuid needs to be adjusted
if the patient is known to have left ventricular
dysfunction
• intravenous insulin: 10 units insulin stat IV. Run at 6
units/h until ketosis resolved (if blood glucose <15, use
dextrose saline). Then use a standard sliding scale.
Total body potassium is low and potassium ions are
simply in the ‘wrong space’ due to insulin insufﬁciency.
Potassium levels will drop with the administration
of intravenous ﬂuids and insulin and will therefore
need to be replaced. In fact, although most patients with
DKA will have hyperkalaemia on presentation, hypokalaemia can become a problem once insulin is started.
Therefore potassium should be added to replacement
ﬂuid and regular monitoring of serum potassium is
mandatory.

What are the causes of metabolic
acidosis with high anion gap?
Metabolic acidosis with a high anion gap occurs due to
increased production/reduced clearance of acids.
• Lactic acidosis (shock, hypoxia, sepsis)
• Ketoacidosis (diabetes, alcohol)
• Renal failure
• Liver failure
• Drugs/toxins (salicylates, ethylene glycol, methanol)

What is the most likely diagnosis
in this case?
Diabetic ketoacidosis (DKA). DKA only occurs in type I
DM, not in insulin-treated type II DM. Clinical features

What two other management options
will you undertake to prevent
complications?
Severe acidosis leads to gastric atony which makes Mr
Harris likely to develop vomiting. He has a reduced
Glasgow Coma Score (GCS) and is therefore less able to
protect his airway. This means that he is at risk of aspiration if he does develop vomiting. Hence, a wide-bore
nasogastric tube for gastric decompression is indicated in
patients with DKA with a GCS of <15.
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Box 21.1 Diabetic retinopathy
1 Background – microaneurysms (dots) and
microhaemorrhages (blots), hard exudates
2 Preproliferative – cotton wool spots (soft exudates
indicative of retinal infarcts), more extensive
microhaemorrhage
3 Proliferative – new vessel formation (requires urgent
ophthalmological opinion)
4 Maculopathy – changes described in 1 or 2 affecting the
macula

Box 21.2 Different forms of neuropathy
observed in diabetes mellitus
1 Peripheral sensory neuropathy (‘glove and stocking’
neuropathy, vibration sensation lost early)
2 Painful neuropathy
3 Autonomic neuropathy
4 Mononeuritis multiplex
5 Diabetic amyotrophy (painful wasting and weakness of
quadriceps muscles of the thigh)

What aspects of the history would
be useful in determining the cause
of renal impairment?
In a patient like Mr Harris with a long history of poorly
controlled diabetes, the most likely cause of renal impairment is diabetic nephropathy. This is one of the three
microvascular complications of diabetes, the others
being neuropathy and retinopathy. Microvascular complications usually develop in tandem and their severity is
related to overall glucose control. Patients who have renal
impairment secondary to diabetic nephropathy will
usually have a history of retinopathy, and will often have
had some form of retinal photocoagulation. In patients
with renal impairment, fundoscopy should be performed
to look for signs of diabetic retinopathy (Box 21.1).
Patients with diabetic nephropathy may also have a
history of neuropathy (lack of sensation in ﬁngers or feet)
or of autonomic neuropathy, particularly a history of
postural hypotension (they get dizzy when they stand),
impotence or gastroparesis (history of vomiting after
meals). The different types of neuropathy observed in
diabetes are summarised in Box 21.2. Autonomic neu-

ropathy can also lead to chronic urinary retention. This
can result in recurrent UTI and intermittent obstruction,
both of which may exacerbate renal impairment. It is
therefore useful to perform a bladder scan post micturition to ensure the patient is fully emptying their bladder
if there is any history suggestive of retention.

What are the clinical features of
diabetic nephropathy?
Early diabetic nephropathy is characterised by microalbuminuria. In type I diabetics, this usually occurs 7–10
years after diagnosis. As lesions progress, proteinuria
increases and can even become so heavy as to be in the
nephrotic range. Microalbuminuira is deﬁned as 30–
300 mg/24 h and is not detectable by standard urine dipstick. It may be detected using a specialised (and more
expensive) urine dipstick kit or can be quantiﬁed by estimating the albumin/creatinine ratio (ACR) in a single
urine sample. This has proved useful in monitoring
patients with diabetes who are at risk of developing diabetic nephropathy. An ACR of >2.5 mg/mmol in men or
>3.5 mg/mmol in women is indicative of microalbuminuria. An ACR of >30 mg/mmol indicates there is proteinuria which will be identiﬁable on regular dipstick. An
ACR of 30 mg/mmol is approximately equivalent to a
protein/creatinine ratio (PCr) of 50 mg/mmol.
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Mr Harris is also at risk of venous thromboembolism.
Severe dehydration and immobility both predispose to
DVT. Therefore all patients should receive prophylactic
anticoagulation with low molecular weight heparin
unless there is a speciﬁc contraindication.
Other general measures which should be considered in
patients with DKA include:
• ICU/HDU referral
• exclude and treat sepsis
• monitor U&E regularly
• catheterise if not passing urine regularly
• consider CVP line if ﬂuid balance hard to assess
or CCF
• oxygen if hypoxaemic (SpO2 <94%)
• consider i.v. bicarbonate if pH < 7.
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• Antiproteinurics: ACEI and ARB have been demon-

Figure 21.2 A renal biopsy showing a glomerulus with typical
diabetic changes including mesangial expansion and nodular
sclerosis. Other changes observed include arteriolar hyalinosis and
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interstitial expansion and ﬁbrosis.

In the early stages of diabetic nephropathy, there is
hyperﬁltration and elevated GFR and an overall increase
in the volume of kidneys. As nephropathy progresses,
there is a decline in GFR, measurable as a gradually
increasing creatinine.

What are the histopathological
manifestations of diabetic nephropathy?
Diabetes mainly affects the glomeruli, leading to thickening of the basement membrane and glomerulosclerosis,
which may be diffuse or nodular (Kimmelstiel–Wilson
lesions). There is mesangial expansion and mesangiolysis
can occur. Figure 21.2 shows a typical renal biopsy taken
from a patient with advanced diabetic nephropathy.
The development of nephropathy is clearly related to
chronic hyperglycaemia. One of the pathological mechanisms involved is the non-enzymatic glycation of proteins to produce advanced glycosylation end products
(AGE). AGE can stimulate the production of type IV
collagen and reactive oxygen species by mesangial cells,
endothelial cells and macrophages, contributing to the
glomerulosclerosis observed.

How should Mr Harris’ nephropathy be
treated?
• Tight glucose control is useful in slowing the pro-

gression of microalbuminuria and early renal dysfunction. However, once there is heavy proteinuria, there
is irreversible damage in the kidney which is
self-perpetuating.

strated to reduce microalbuminuria and slow the
progression of renal impairment. Screening for microalbuminuria should allow early detection and treatment.
• Tight blood pressure control: hypertension worsens
diabetic glomerulopathy and should therefore be aggressively treated. ACEI and ARB are the ﬁrst-line treatment,
as described above, but some patients may require additional agents. Aim for a BP of <125/75 mmHg in a diabetic with CKD.
• Treatment of dyslipidaemia with diet, statins,
+/− ﬁbrates.
• Advise to stop smoking.
To summarise, the risk factors for progression of diabetic
nephropathy are poor glucose control, hypertension,
dyslipidaemia and smoking. Each of these should be
maximally corrected.

What is the prognosis of Mr Harris’
renal disease?
At least 25% of diabetics diagnosed before the age of 25
years will go on to develop ESRF. In the UK, diabetes is
the most common cause of ESRF requiring RRT, making
up around 25% of patients on dialysis. In the US, they
make up nearer 45% of patients reaching ESRF.

What is the best form of renal
replacement therapy for Mr Harris,
should he progress to ESRF?
Transplantation is the best form of RRT for
diabetics. However, some will not be ﬁt enough for transplantation by the time they reach ESRF if they have
already accrued signiﬁcant macrovascular disease in the
form of coronary artery disease, cerebrovascular disease
and peripheral vascular disease.
For those starting dialysis, the survival is much poorer
than for age- and sex-matched non-diabetics starting
dialysis. For example, UK renal registry data in 2007
showed a 92% 1-year survival for non-diabetics <65 years
of age starting dialysis compared with an 83% 1-year
survival in diabetics of the same age. This is because most
diabetic patients starting dialysis already have signiﬁcant
vascular disease, which dialysis seems to accelerate. Cardiovascular events including MI, cardiac arrest and CVA
are the most common causes of death in this population,
followed by infection. There is some suggestion that peritoneal dialysis (PD) may be a better option than haemo-
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dialysis (HD), at least for younger, ﬁtter diabetics. An
analysis of US Medicare data between 1995 and 2000
demonstrated that, among diabetic patients with no comorbidities, patients on PD had a lower relative death
rate at ages below 45 years. In diabetic patients more than
45 years old, with or without co-morbidities, PD patients
had a higher relative death rate as compared with the rate
in HD patients. The overall survival of diabetic patients
with different forms of RRT is shown in Table 21.2.

Table 21.2 Survival of diabetics with renal replacement
therapy
Renal replacement
therapy

5-year
survival

10-year
survival

Cadaveric renal transplant

75%

50%

Living renal transplant

85%

60–65%

Kidney-pancreas transplant

80%

60–65%

Dialysis (PD or HD)

30%

<1%

Data courtesy of UK Blood and Transplant

A 28-year-old man with poorly controlled type I diabetes
presents with abdominal pain and vomiting. On
examination, he is unwell, hypotensive and tachycardic.
Investigations show a metabolic acidosis with a high anion
gap. He also has ketonuria and a high blood glucose in
keeping with a diagnosis of diabetic ketoacidosis. He is
treated with intravenous ﬂuids and a sliding scale. On
recovery, he is noted to have renal impairment, with a

reduced GFR and CKD stage 3. He also has a history of
diabetic retinopathy and proteinuria on urine dipstick.
Thus his renal impairment is most probably due to diabetic
nephropathy. He should be commenced on an ACEI or
ARB and encouraged to improve his glucose control. It is
likely that in the long term the patient will progress to
ESRF and will require RRT.

KEY POINT S
• Acidosis is deﬁned as a blood pH < 7.35 and alkalosis as a
•

•

•
•

pH of >7.45.
If a patient presents with metabolic acidosis then the
anion gap should be calculated as follows:
(Na + K ) − (HCO3− + Cl).
Metabolic acidosis with a high anion gap can be caused
by lactic acidosis, renal failure, liver failure, drugs/toxins
(salicylates, ethylene glycol, methanol) and ketoacidosis.
Diabetic ketoacidosis (DKA) is characterised by the triad of
acidosis, ketonuria and hyperglycaemia.
Only type I diabetics develop DKA. It is a serious illness
which can be life-threatening and may require nursing in
a high-dependency or critical care unit. Patients should be
treated with aggressive intravenous rehydration and
intravenous insulin. Complications include

thromboembolism (due to immobility and dehydration)
and aspiration pneumonia (due to gastroparesis and
impaired consciousness).
• Patients with type I diabetes frequently develop renal
involvement, with diabetic nephropathy of some degree
occurring almost universally after >15 years of disease. At
least 25% of diabetics diagnosed before the age of 25
years will go on to develop ESRF. In the UK, diabetes is
the most common cause of ESRF requiring RRT.
• Diabetic patients on dialysis have a worse prognosis than
non-diabetics. The preferred form of renal replacement
therapy for diabetics is transplantation. For long-term
survival, a kidney-pancreas or living donor kidney
transplant is the best option.
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Case 22 A 22-year-old man with weakness
and lethargy

What aspects of the history
would you explore?
• Duration of symptoms?
• What is meant by weakness? Focal neurological symp-

toms (which might occur if there were brain or spinal
cord metastases) or generalised muscle weakness? Are
there systemic symptoms suggestive of infection? Cough,
sputum, shortness of breath, diarrhoea, dysuria, frequency which might account for lethargy?
• Past medical history: details of osteosarcoma, particularly of recurrence. Does he have any other past medical
history, e.g. similar symptoms or of neurological disease?
• Drug history: what chemotherapy did he get? What are
his current meds? Recreational drugs?
• Smoking history: smoker? Alcohol?
• Family history: any medical problems, including neurological problems.

What investigations would you perform
on initial assessment?
•
•
•
•

FBC, U+E, CRP, Ca/PO4, LFT
Urine dipstick
CXR
ECG

×

×

What changes might be present on the
electrocardiogram?
Mr Gough has signiﬁcant hypokalaemia which is associated with U waves on ECG (Figure 22.1).

What are the causes of hypokalaemia?
• Renal losses: diuretics (loop and thiazide), renal

tubular acidosis (RTA), excess aldosterone
losses: diarrhoea, laxative abuse, villous
adenoma
• Alkalosis: hydrogen ions transported out of cells at
the expense of K+ ﬂowing in
• GI

Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.
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What is the anion gap in this case?
14.5 (normal)
T

T

U

T U

U

TU

ol/l

K+ 2.7

ol/l

K+ 2.0

ol/l

U

U
T

K+ 3.0

T

Anion gap = ( Na + K ) − (HCO3− + Cl )
= (137 + 2.5) − (9 + 116)
= 139.5 − 125
= 14.5 nmol L
A normal anion gap is 10–18 mmol/L. This represents the
unmeasured anions which consist of albumin, phosphate
and other organic acids. It can help in distinguishing the
cause for a metabolic acidosis.
So, this is a case of metabolic acidosis with a normal
anion gap.

Figure 22.1 ECG changes in hypokalaemia. The QRS complexes
begin to widen when the serum potassium drops to 2.5–3 mmol/L,
the ST segments may become depressed and the T waves may
begin to ﬂatten. The U waves also begin to increase in size,
becoming as tall as the T waves. The U waves reach ‘giant’ size
and fuse with the T waves when the level drops to 1.5–2 mmol/L.
Symptoms of hypokalaemia range from polyuria in mild cases to
muscle weakness.

What additional investigations
may be useful?
• Magnesium and chloride levels
• ABG

These tests are performed and the results are shown
below.
• Cl 116 mmol/L (normal range 96–104)
• ABGs : pH 7.24, HCO3 9 kPa, CO2 3.3 kPa

What acid–base disturbance is shown?
Metabolic acidosis. When interpreting arterial blood
gases:
• look at the pH – is the patient acidotic (pH < 7.35) or
alkalotic (pH > 7.45)?
• look at the PCO2 – is the primary problem respiratory
or metabolic? Remember, CO2 is an acidic gas.
CO2 + H2O ↔ H2O2 ↔ H + + HCO3−
• look at the bicarbonate – this gives information about
the metabolic component of the acid–base disturbance.
In this case pH < 7.35 so this is acidosis. pCO2 is low/
normal, so the primary problem is metabolic. The HCO3−
is low and this conﬁrms that this is a metabolic
acidosis.

• Type 1 renal tubular acidosis (‘classic distal’)
• Type 2 renal tubular acidosis (‘proximal’)
• Chronic diarrhoea

The patient does not have a history of GI disturbance/
diarrhoea, so this picture is likely to be due to renal loss
of K+ and inappropriate acid handling. RTA usually presents as a hyperchloraemic, metabolic acidosis, with a
normal anion gap. The aetiology is a failure of urinary
acidiﬁcation (defective reabsorption of bicarbonate in
the proximal tubule or a failure of H+ secretion in the
distal tubule). This may occur as a primary disease due
to mutations in genes encoding the pumps controlling
bicarbonate and acid transport, or may be due to acquired
dysfunction of damaged tubular function (mainly due to
drugs and toxins such as heavy metals).

What further investigation may be
useful in conﬁrming the possibility of
a renal tubular acidosis?
Urine pH. Normal urine pH is variable and generally
runs between 4.5 and 7.5. Patients with distal RTA are
unable to acidify urine to a pH of <5.3.

Renal tubular acidosis is divided into two main subsets:
type I (distal) RTA, in which there is a failure of H+ or
ammonium secretion in the distal tubule, and type II
(proximal) in which there is defective reabsorption of
bicarbonate in the proximal tubule. Distal RTA is more
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What are the causes of a metabolic
acidosis with a normal anion gap?

156

Part 2: Cases

Table 22.1 Features of distal and proximal RTA
K+

Type I (distal)

Type II (proximal)

Urine pH

>5.3 (never acidiﬁes)

Variable

Plasma HCO3

<10 mmol/L

>14 mmol/L

Plasma K

Low

Normal-low

Cl–
H2O + CO2

Urinary
space

Blood

CA2
H+ + HCO3–

HCO3–

+

Complications

Other features

Nephrocalcinosis,
calculi

Osteomalacia

UTI

Glycosuria,
aminoaciduria

H
-ATPase

AE1

H+

Cl–

α-intercalated cell
Figure 22.2 Mechanisms involved in acidifying urine in the
collecting duct. See text for details.
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common than proximal RTA. In addition, proximal RTA
usually occurs in children with Fanconi’s syndrome with
associated aminoaciduria and glycosuria.

Which features suggest that the
diagnosis in this case is of distal rather
than proximal renal tubular acidosis?
A number of features of this case make distal (type I)
RTA the most likely diagnosis, particularly the very low
K+ and very low bicarbonate. In proximal RTA, the urine
acidiﬁcation is variable, as there is opportunity for
attempted acidiﬁcation in the distal nephron. The features which distinguish distal from proximal RTA are
shown in Table 22.1.
The collecting duct is the principal site of urine acidiﬁcation and is composed of two cell types:
• principal cells – transport Na, K and water
• α-intercalated cells – secrete H+ and HCO3−.
Acid secretion is performed by the α-intercalated cells,
and involves two pumps (H+ATPase and the basolateral
Cl−:HCO3− anion exchanger 1 (AE-1)) and an enzyme
(carbonic anhydrase 2 (CA2)) (summarised in Figure
22.2). Damage to the α-intercalated cells or a speciﬁc
dysfunction of either of the pumps or the enzyme leads
to distal RTA.

What is the likely cause of distal renal
tubular acidosis in this patient?
Distal RTA can be caused by mutations in the gene
encoding AE-1 (autosomal dominant dRTA) or in the
gene encoding one of the subunits of the H+ATPase (autsomal recessive RTA, associated with sensorineural deafness). Some patients also have defective CA2, which is
also an autosomal recessive condition. In this particular
case, the cause is unlikely to be an inherited mutation,

Box 22.1 Causes of distal (type I) RTA
Primary (genetic cause)
• AE-1 (AD)
• H+ATPase mutation (AR, associated with sensorineural
deafness)
• CA2 mutation (AR, associated with osteopetrosis and
cerebral calciﬁcation)
Secondary

• Autoimmune disease – Sjögren’s disease, SLE,
rheumatoid arthritis

• Medullary sponge kidney
• Drugs – amphotericin, lithium, anticancer (ifosfamide),
amiloride, triamterene, trimethoprim, pentamidine

• Toxins – vanadate, toluene
Rare – pregnancy, sickle cell anaemia

because these patients will usually present in infancy. Mr
Gough is much more likely to have acquired distal RTA.
There are a number of secondary causes of distal RTA,
shown in Box 22.1. In this particular case, the timing of
onset suggests that the tubular dysfunction is related to
the ifosfamide he received 2 weeks previously.

How would you treat this patient?
Oral potassium and bicarbonate supplementation.

What is the likely prognosis
for this problem?
It is likely that the tubular dysfunction will spontaneously
recover over the next week or so.
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Distal convoluted tubule

Distal convoluted tubule

Renin

Renin

Basolateral
e brane

Angiotensin II

Angiotensin II

Aldosterone

Aldosterone

+

Na

K+
+

+

Na /K
ATPase

Basolateral
e brane

K+

Collecting duct

Reduced K+ delivery to the
distal nephron leads to a
reduction in NH4 generation,
and therefore a reduction in
acid excretion

Na+
+

+

Na /K
ATPase

K+

K+

Na+

(a) Nor al

Urinary
space

ATP

Na+

NH3 + H+

(b) Type 4 RTA (hyporeninae ic, hypoaldosteronis )

NH4

K+

H+

Figure 22.3 Type IV (hyperkalaemic) RTA. (a) Normal. (b) Type 4 RTA (hyporeninaemic, hypoaldosteronism).

What are the other types of renal
tubular acidosis and in what
context do they occur?
• Type III: rarely used as a classiﬁcation because it is now
thought to be a combination of type I and type II.
• Type IV: type IV RTA (‘hyperkalaemic distal’) involves
the distal tubule and in contrast to the other types of
RTA, there is hyperkalaemia. It is associated with a mild
(normal anion gap) metabolic acidosis and occurs due to
hypoaldosteronism (Figure 22.3).
Causes include the following.
• Primary aldosterone deﬁciency (rare)
䊊 Primary adrenal insufﬁciency
䊊 Congenital adrenal hyperplasia
䊊 Aldosterone synthase deﬁciency
• Hyporeninaemic hypoaldosteronism (due to decreased
angiotensin II)

䊊 Renal
dysfunction, most commonly diabetic
nephropathy
䊊 HIV infection
䊊 Drugs – ACEI, NSAID, ciclosporin
• Aldosterone resistance
䊊 Drugs (amiloride, spironolactone, trimethoprim,
pentamidine)
• Pseudohypoaldosteronism
The treatment of type IV RTA is with a mineralocorticoid
(such as ﬂudrocortisone), as well as possibly a glucocorticoid for cortisol deﬁciency, if present. Hypertension
and oedema can be a problem in patients with hyporeninaemic hypoaldosteronism so often a diuretic, such
as the thiazide diuretic bendromethazide, or a loop
diuretic, such as furosemide, is used to control the
hyperkalaemia.

CA SE REVIEW
A 22-year-old man with a history of recurrent osteosarcoma
presents with weakness and lethargy following a recent
course of chemotherapy. Investigations demonstrate
signiﬁcant hypokalaemia and a hyperchloraemic, metabolic
acidosis with a normal anion gap. The most likely cause of

this presentation is an acquired distal renal tubular acidosis
secondary to cytotoxic agents which can affect acid
secretion by the collecting duct of the kidney. He is treated
with potassium and bicarbonate supplements orally. A
spontaneous recovery would be expected.
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Urinary
space
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K EY POINT S
• Hypokalaemia usually presents with muscle weakness. The
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typical ECG change associated with a low potassium is
the development of U waves.
• Hypokalaemia can be caused by the loss of K+ into the
gut (e.g. diarrhoea), the renal tubules (diuretics and RTA)
or intracellular space (redistribution due to acidosis).
• The classic feature of RTA is hyperchloraemic metabolic
acidosis. This occurs because of a failure of either the
proximal or distal tubular mechanisms involved in urine
acidiﬁcation. Distal (type I) RTA is more common and
biochemical features are more severe, including an

inability to lower urinary pH to less than 5.3, severe
hypokalaemia and a bicarbonate of <10 mmol/L.
• Distal RTA occurs because of defects in the α-intercalated
cells of the collecting duct epithelium, speciﬁcally
dysfunction of AE-1 and H+ATPase, pumps involved in
acid secretion. These can be congenital or acquired
(secondary to autoimmune diseases, drugs and
nephrocalcinosis).
• Treatment of dRTA is with oral bicarbonate and potassium
supplementation.

Case 23 A 58-year-old type II diabetic with
confusion and hyponatraemia

What investigations would you
undertake to conﬁrm the diagnosis
of syndrome of inappropriate
antidiuretic hormone?
Serum and urine osmolalities should be measured.
Plasma osmolality is usually kept within a tight range. In
SIADH there is dilute plasma with osmolalities of
<260 mmol/kg and inappropriately concentrated urine
with urine osmolalities of >500 mmol/kg. Urinary
sodium levels are usually >20 mmol/L.

What is the likely cause of syndrome of
inappropriate antidiuretic hormone in
Mr Singh’s case?
What is the most likely cause of
Mr Singh’s hyponatraemia?
The causes of hyponatraemia are summarised in Box
23.1. Mr Singh’s hyponatraemia is acute and he is not
obviously oedematous, ﬂuid overloaded or dehydrated
(thus CCF, nephrosis, cirrhosis and diarrhoea are unlikely
to be the cause of his hyponatraemia). He is not on any
medications, particularly diuretics, which might directly
affect renal salt handling. We are not told anything about
Mr Singh’s ﬂuid replacement regimen, therefore if he has
Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.

Syndrome of inappropriate antidiuretic hormone can be
caused by many pathologies, as summarised in Box 23.2.
In this particular case, it is most likely to be due to head
injury. However, there may be other contributory features. His examination ﬁndings suggest the possibility of
a right basal pneumonia (febrile, crackles at right base).
In addition, he has been given opiates for his pain and is
receiving chlorpropamide (see drug chart in Figure 23.1).

Where is antidiuretic hormone produced
and what are its actions?
Antidiuretic hormone (ADH, also known as vasopressin)
is produced in the hypothalamus, stored in vesicles in the
159
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been given an excess of 5% dextrose in the past 36 hours,
this may have caused hyponatraemia. However, given
all of the above exclusions, the most likely diagnosis is
the syndrome of inappropriate antidiuretic hormone
(SIADH).
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Prescription chart
Surname

Hospital No.

First names

Date of birth Sex

Consultant

Ward

Weight

Date
Height

Regular prescriptions
Month and date
Tick times or enter other times
1. Drug (approved name)
Dose

Route

6

Start date Stop date

8
12

Signature:
Bleep no.:
Additional instructions

Phar

14
18
22
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2. Drug (approved name)
Dose

Route

Signature:
Bleep no.:
Additional instructions

6

Start date Stop date 8
12
Phar
14
18
22

3. Drug (approved name)
Dose

Route

Start date

Signature:
Bleep no.:
Additional instructions

6
Stop date 8
12
Phar
14
18
22

4. Drug (approved name)
Dose

Route

6

Start date Stop date

8
12

Signature:
Bleep no.:
Additional instructions

Phar

14
18
22

5. Drug (approved name)
Dose

Route

6

Start date Stop date

8
12

Signature:
Bleep no.:
Additional instructions

Phar

14
18
22

6. Drug (approved name)
Dose

Route

6

Start date Stop date

8
12

Signature:
Bleep no.:
Additional instructions

Phar

14
18
22

Figure 23.1 Mr Singh’s prescription chart.

Drug sensitivities
Doctor must enter this information on FRONT of case folder
Drug/substance

Signature

Box 23.1 Causes of hyponatraemia
• Inappropriate water retention – SIADH. Urine osmolality

•

•

•

•

is usually >500 mosmol/kg (inappropriately concentrated
when compared with serum osmolality which tends to
be <260 mosmol/kg)
Excess water intake
䊊 Psychogenic polydipsia
䊊 Inappropriate IV ﬂuids
Combined Na + water retention with an excess of water
䊊 Congestive cardiac failure (CCF)
䊊 Nephrotic syndrome
䊊 Cirrhosis
Salt loss
䊊 Renal: diuretics, Addison’s disease, salt-losing
nephropathy
䊊 GI: diarrhoea, villous adenoma
Pseudohyponatraemia
䊊 Hypercholesterolaemia
䊊 Hyperproteinaemia

Box 23.2 Causes of SIADH
• Malignancy
Pancreatic cancer
Lymphoma
䊊 Small cell carcinoma of the lung
䊊 Prostate cancer
CNS/neurological disorders
䊊 Abscess
䊊 Meningoencephalitis
䊊 Subarachnoid/subdural haemorrhage
䊊 Head injury
䊊 Guillain–Barré syndrome
Pulmonary disorders
䊊 TB
䊊 Pneumonia
䊊 Pulmonary abscess/empyema
䊊 Aspergillosis
Metabolic causes
䊊 Porphyria
Drugs
䊊 Chlorpropamide
䊊 Opiates
䊊 Cytotoxins
䊊 Chlorpromazine
䊊
䊊

•

•

•
•

posterior pituitary and released in response to rising
plasma osmolality or a reduction in plasma volume/pressure. Its main action is on the kidneys, causing water
retention and thus a more concentrated urine to be produced (as its name suggests).

Antidiuretic hormone causes a more concentrated
urine to be produced by increasing the permeability to
water of the distal convoluted tubule and collecting
ducts, thus allowing an increase in water reabsorption
down the osmotic gradients set up by the loop of Henle.
This results in the excretion of a smaller volume of more
concentrated urine – antidiuresis.
Antidiuretic hormone increases permeability via the
insertion of additional water channels (aquaporin-2)
into the apical membrane of the tubules/collecting duct
epithelial cells. This is achieved through the action of
ADH on V2 receptors, G protein-coupled receptors on
the basolateral membrane of cells lining the distal convoluted tubules and conducting ducts. Following binding,
the G protein triggers the cAMP cascade which triggers
the insertion of aquaporin-2 water pores by exocytosis of
storage vesicles. The aquaporins then allow water to pass
out of the distal convoluted tubules and the conducting
tubules into the interstitium and back into the blood,
increasing the concentration of urine and expanding
blood volume.
Antidiuretic hormone also increases peripheral vascular resistance and thus mean arterial blood pressure. This
effect appears small in healthy individuals but may be an
important compensatory mechanism for restoring blood
pressure in hypovolaemic shock.
Antidiuretic hormone also has a number of actions
locally in the brain including:
• memory formation
• maintenance of circadian rhythm
• control of aggressive behaviour.

How would you manage
this patient?
The main management of SIADH is to restrict ﬂuid
intake to 0.5–1 L per day. This is usually in the form of
normal saline, if IV ﬂuids are used (NB: normal (0.9%)
saline contains approximately 150 mmol/L of Na). Occasionally hypertonic saline is given but this requires
careful management to avoid a rapid increase in sodium
levels. The aim is to bring the sodium up by no more
than 5 mmol/day. Severe cases may require the use of
demeclocycline, an agent which causes nephrogenic diabetes insipidus, i.e. it makes the collecting tubules insensitive to the actions of ADH.
More recently, a new class of drugs has become
available in the form of speciﬁc V2 antagonists, for
example tolvaptan and satavaptan, which may be useful
in SIADH.
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Why is important not to correct
hyponatraemia too quickly?
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If plasma Na+ is corrected too quickly then central
pontine myelinolysis (CPM) can occur, where neurones
in the pontine region become demyelinated. This is
thought to be due to rapid ﬂuid shifts out of the brain in
response to large increases in plasma sodium. Patients
rapidly develop para- or quadraparesis, dysphagia, dysarthria, diplopia and loss of consciousness. Diagnosis
is by clinical features and MRI (showing a high signal in
the pons).
Aim to correct plasma sodium by 5 mmol/L/24 h.
Maximum correction 8 mmol/L/24 h. Reports of CPM
have occurred where Na has risen by >10 mmol/
L/24 h.

Table 23.1 Causes of hypontraemia according to volume
status and urine Na excretion
Hypovolaemia

Euvolaemia/
hypervolaemia

Urine Na+>20 mM

Diuretics
Hypoadrenalism /
Addison’s

SIADH
Hypothyroidism
Chronic renal failure

Urine Na+<20 mM

Vomiting
Diarrhoea

LVF
Cirrhosis
Nephrotic syndrome

C ASE REVIEW
A 58-year-old type II diabetic is admitted following an
accident. Over the next 36 hours he becomes confused.
Investigations show signiﬁcant hyponatraemia (Na
125 mmol/L), reduced serum osmolality and increased
urine osmolality in keeping with a diagnosis of SIADH.

This has probably been caused by the head injury sustained
during the accident. He is ﬂuid restricted to 1 L in 24 hours
and his sodium begins to rise. He improves rapidly and is
discharged 5 days later with a sodium of 136 mmol/L.

K EY POINT S
• Mild hyponatraemia is common and usually asymptomatic.

•
•
•

•

If the sodium falls to around 120 mmol/L then there is
often restlessness, irritability and confusion. Sodium levels
of <110 mmol/L lead to progressive coma and seizures.
Hyponatraemia occurs if there is too little sodium, too
much water or both.
When assessing the cause of hyponatraemia, it is
important to establish the volume status of the patient.
If the patient is hypovolaemic then hyponatraemia may be
caused by diuretics, hypoadrenalism, salt-wasting
nephropathy (see Table 23.1).
If the patient is euvolaemic or ﬂuid overloaded then
hyponatraemia may be due to SIADH, chronic renal
failure, LVF, cirrhosis or nephrotic syndrome (see
Table 23.1).

• In SIADH, typical ﬁndings are:
Na <125 mmol/L
patient is normovolaemic
䊊 urinary Na >20 mmol/L
䊊 plasma osmo <260 mosmol/kg
䊊 urinary osmo >500 mosmol/kg.
• Syndrome of inappropriate antidiuretic hormone may be
caused by intracranial pathology such as head injury or
infection, pulmonary pathologies including pneumonia,
malignancies and drugs (particularly chlorpropamide and
chlorpromazine).
• Treatment of SIADH is with ﬂuid restriction. The aim
should be to bring the sodium up slowly in order to avoid
central pontine myelinolysis.
䊊
䊊

pre-renal +/− acute tubular necrosis and postrenal
(obstruction). In contrast, the most common causes of
CKD tend to be pathologies which would be classiﬁed as
renal, rather than pre- or post-renal (Box 24.1). In many
cases, it is impossible to determine the precise cause,
because the end results of some pathologies are very
similar, e.g. chronic GN, pyelonephritis and reﬂux
nephropathy all cause interstitial ﬁbrosis and tubular
atrophy on renal biopsy.

What are the complications of chronic
kidney disease?
Do you think this patient’s renal failure
is acute or chronic? Which features of
the case support your view?
Anaemia is associated with both acute and chronic renal
failure, and therefore is not necessarily a useful guide in
this case. Previous documentation of creatinine is
extremely helpful. Clearly, if his creatinine was 100 μmol/L
1 month earlier then this is acute renal failure/acute
kidney injury. Unfortunately, in many cases, the patient
has had no previous contact with the healthcare system
and therefore no prior documentation of renal function.
In this particular case, the US shows two small kidneys
(you would expect them to be around 10–12 cm in an
adult male), with thin cortices. This suggests chronic
renal failure. In such cases, a renal biopsy is unlikely to
be helpful in elucidating the underlying cause of his renal
failure and will merely show a ﬁbrotic, scarred kidney.

What are the causes of chronic
kidney disease?
The causes of acute renal failure are usually classiﬁed as
pre-renal, renal and post-renal, and chronic kidney
disease can be approached in the same way. It is useful
to remember that the most common causes of ARF are
Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.

1. Anaemia: due to erythropoietin deﬁciency.
2. Chronic kidney disease-bone and mineral disorder

(CKD-BMD): the kidneys play an important role in
maintaining bone and mineral homeostasis. CKD leads
to bone and mineral abnormalities at three levels,
together termed CKD-BMD.
• Renal bone disease: native vitamin D (cholecalciferol) is hydroxylated ﬁrst by the liver to 25-hydroxy
vitamin D, and secondly by the kidneys to the active
hormone 1,25 dihydroxyvitamin D3 (calcitriol). Renal
failure leads to reduced 1α-hydroxylase activity and
hence low circulating calcitriol levels. Calcitriol is
central to calcium homeostasis: its deﬁciency in CKD
leads to decreased intestinal calcium absorption,
hypocalcaemia and impaired mineralisation of bone,
manifesting as ‘renal rickets’ in children and osteomalacia in adults.
• Hyperphosphataemia, abnormalities of calcium
metabolism and secondary hyperparathyroidism.
Healthy kidneys excrete the same amount of phosphate as is consumed, preventing phosphate accumulation. In CKD renal phosphate excretion is impaired
and phosphate begins to accumulate. To compensate
for this, two hormones are released which increase
phosphate excretion by the kidneys: PTH (released by
the parathyroid glands) and ﬁbroblast growth factor
23 (FGF23) (released by bone cells). However, FGF23
163
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Case 24 A 49-year-old man with headache and
malaise
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Box 24.1 Causes of CKD
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•
•
•
•
•
•
•

Diabetic nephropathy
Hypertensive nephropathy
APKD
Chronic GN
Chronic pyelonephritis/reﬂux nephropathy
Obstructive uropathy
Renovascular disease

stops 1α-hydroxylase in the kidneys from activating
vitamin D, and worsens vitamin D deﬁciency. Low
vitamin D levels lead to further increase in PTH
release because parathyroid cells sense both calcium
and vitamin D. When these are low, more PTH is
released to increase calcium and to try and stimulate
vitamin D production. The end result is a spiralling
increase in PTH, which releases calcium from bone.
This process also weakens bone and increases phosphate, perpetuating the vicious cycle and contributing
to renal bone disease. If left untreated, parathyroid
glands become enlarged and stop responding to the
normal inhibitory signals. This leads to hypercalcaemia and is termed tertiary hyperparathyroidism (see
Part 1, Figure F).
• Extraskeletal calciﬁcation. The abnormalities above
lead to the deposition of calcium in soft tissues and
arteries. The arterial wall can become heavily calciﬁed
and stiff, leading to decreased compliance, increased
systolic blood pressure and left ventricular hypertrophy. Calcium deposition is enhanced by hyperphosphataemia and hypercalcaemia, and the metabolic
acidosis which often accompanies CKD.
3. Hypertension secondary to chronic intravascular
volume overload. Volume overload increases stroke
volume (SV). An increase in SV will lead to a rise
in cardiac output (CO = SV HR). A rise in CO will
lead to an increase in mean arterial pressure (MAP =
CO TPR).
4. Accelerated atherosclerosis/vascular disease. Hypertension and chronic hypercalcaemia lead to accelerated
atherosclerosis and vascular calciﬁcation, and an
increased risk of CAD, PVD and cerebrovascular
accidents.
5. Metabolic acidosis. The kidneys excrete the daily acid
load generated by amino acid metabolism. As the kidneys
fail, patients develop a progressive metabolic acidosis.
Chronic acidosis can promote renal bone disease and
leads to muscle wasting and malnutrition.

What questions would you ask
Mr Davies when taking a history?
The history should include questions which might assist
in determining the underlying cause of his CKD.
• Duration: when was he last well? What are his main
symptoms?
• Urinary symptoms? In this case those associated with
chronic prostatic disease, e.g. hestitancy, poor stream. He
is relatively young to develop prostatic disease.
• Past medical history: DM? Hypertension? (The most
common causes of ESRF in the UK are diabetic nephropathy and hypertensive nephropathy). MI/CVA/PVD – if
the patient has a history of other atherosclerotic diseases
then renovascular disease may be the underlying diagnosis. Prostatic hypertrophy? In older males obstructive
uropathy can cause CKD.
• Family history: there are a number of inherited causes
of CKD, the most common being autosomal dominant
polycystic kidney disease. However, the absence of cysts
in his kidneys on US rules out this diagnosis. There are
also a number of inherited diseases which can cause glomerulonephritis and may present like this with small
shrunken kidneys, for example, Alport’s syndrome or
familial FSGS.
• Drug history: some medications can be associated with
chronic kidney damage including NSAID, ciclosporin
and lithium.
• Smoking history: smoker (associated with atherosclerosis and therefore renovascular disease)? Alcohol
(chronic liver disease and liver failure can be associated
with renal impairment)?
It is also helpful to determine whether he has any symptoms associated with the complications of CKD.
• Anaemia: shortness of breath, angina, tiredness
• Hyperphosphataemia: itchiness
• Uraemia: nausea, loss of appetite, symptoms associated with uraemic pericarditis (chest pain, breathlessness), in advanced uraemia patients can become confused
and encephalopathic
• Volume overload: ankle swelling, shortness of breath
(pulmonary oedema)

What features are important to seek
during clinical examination?
Examination should attempt to conﬁrm or exclude the
presence of the complications of CKD.
• Anaemia (pale conjunctivae/palmar creases)
• Hyperphosphataemia (excoriation marks)
• Fluid overload (signs of congestive cardiac failure, e.g.
raised JVP, displaced apex beat, left parasternal heave
(RVH), murmurs, bibasal crepitations (pulmonary
oedema) or peripheral oedema
Clues as to the underlying cause of his CKD.
• Peripheral signs of vasculitis (rashes, nasal crusting,
sinusitis), SLE (butterﬂy rash, arthroapthy)
• Blood pressure: hypertension is both a cause of CKD
and can occur as a result of CKD
• PVD, carotid bruits, femoral bruits, poor peripheral
circulation with reduced or absent peripheral pulses
(may point towards renovascular disease)
• Signs of chronic liver disease: leuconychia, jaundice,
hepatomegaly, ascites
• Signs associated with inherited GN, e.g. deafness/
hearing aids in Alport’s syndrome

What investigations would you request?
• Blood tests

Full blood count (to conﬁrm anaemia observed
by GP)

䊊

䊊 Iron studies (given the GP’s initial blood tests
showed signiﬁcant anaemia, it is worth checking that
Mr Davies is iron replete at this stage. Chronic uraemia
reduces the absorption of iron from the GI tract, so
many patients with CKD are iron deﬁcient and are
often given intravenous iron to avoid difﬁculties with
absorption and the impalatibility of oral iron
supplements)
䊊 Renal function: to conﬁrm the degree of renal
impairment
䊊 LFT, albumin
䊊 Glucose (diabetes can cause CKD, although it would
probably have been diagnosed prior to presentation
with diabetic nephropathy)
䊊 Calcium and phosphate
䊊 PTH
䊊 Autoimmune screen: even in the absence of obvious
signs of autoimmune disease, an autoimmune screen
can sometimes turn up a surprise positive ﬁnding. A
renal autoimmune screen includes ANA, ANCA, complement (C3/C4), immunoglobulins, rheumatoid
factor, cryoglobulins and anti-GBM antibodies
• Urine dipstick
• 24-hour urine collection for protein or spot ACR if
dipstick is positive for protein
• ECG: to assess for signs of hyperkalaemia, a complication of CKD. In addition, the patient is hypertensive; if
this is chronic, there may be signs of left ventricular
hypertrophy on ECG (i.e. left axis deviation and sum of
S in V1/V2 plus R in V5/V6 >35 mm)
• CXR: to assess heart size (looking for cardiomegaly
secondary to LVH in chronic hypertension), lung ﬁelds
may show signs of pulmonary oedema (upper lobe diversion, ﬂuid in horizontal ﬁssure, Kerley B lines)
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II

Figure 24.1 Mr Davies’ ECG, showing LVH and LV strain (T wave inversion in lateral leads).

Table 24.1 Chronic kidney disease stages
CKD
stage

eGFR (mL/min/
1.73 m2)

Other features

1

90+

Normal renal function but urine
dipstick abnormalities or known
structural abnormality of renal
tract or diagnosis of genetic
kidney disease

2

60–89

Mildly reduced renal function plus
urine/structural abnormalities or
diagnosis of genetic kidney
disease

3

30–59

Moderately reduced renal function

4

15–29

Severely reduced renal function

5

<15

End-stage renal failure

How would you interpret these results?
The investigations are consistent with a diagnosis of CKD
stage 4 (see Table 24.1). The cause is unclear given that
Mr Davies has presented with near ESRF and two small
kidneys. He has a number of complications associated
with CKD including anaemia (Hb 8.1 g/dL), hypocalcaemia, hyperphosphataemia and hyperparathyroidism. He
is hypertensive and this can cause ESRF or may occur as
a result of CKD. The LVH present on ECG suggests longstanding hypertension and therefore this may be hypertensive nephropathy.

What general treatment measures
could you begin?
• Treat hypertension. An ACEI or ARB will increase
both his potassium and creatinine and therefore should
be used with caution. A β-blocker or calcium channel
blocker would be a reasonable suggestion at this stage. In
patients with CKD, a BP <130/80 mmHg is desirable or
even lower (125/75 mmHg recommended) if there is proteinuria (as in this case).
• Treat anaemia. If he is iron deﬁcient, then intravenous
iron is usually administered. Once the patient is iron

replete, he should be commenced on recombinant
erythropoietin.
• Treat hyperphosphateamia. This is achieved by a combination of dietary advice and phosphate binders. Unfortunately, some of the most tasty foods are high in
phosphate, including cheese, milk, yoghurts and chocolate. Patients should also be commenced on a phosphate
binder (e.g. calcium acetate or aluminium hydroxide)

which should be taken with food and binds to the phosphate, preventing its absorption from the gut. Calciumcontaining agents should not be used in patients who
have hypercalcaemia (due to tertiary hyperparathyroidism) or vascular calciﬁcation. The long-term use of aluminium-containing binders is now infrequent due to the
problems encountered with chronic aluminium toxicity,
including so-called ‘dialysis dementia’ and microcytic
anaemia. Sevelamer, a new phosphate-binding agent, is
a synthetic polymer which does not contain calcium or
aluminium. It binds intestinal phosphate and can be used
in patients with hypercalcaemia. All phosphate binders
are relatively impalatable (causing diarrhoea, bloating
and discomfort) and are therefore poorly tolerated by
patients.
• Treat hypocalcaemia/hyperparathyroidism. Active vitamin D is the cornerstone of treatment for secondary
hyperparathyroidism. Native vitamin D (cholecalciferol)
requires 1α-hydroxylation and is therefore less effective
in this setting. Widely used treatments are alfa-calcidol
(1α-hydroxycholecalciferol), which requires hepatic
hydroxylation, or calcitriol (1,25-dihydroxyvitamin D3).
Such treatments reduce PTH secretion and parathyroid
hyperplasia, correct hypocalcaemia and improve renal
bone disease. Unsurprisingly, the main side-effect of
active vitamin D preparations is hypercalcaemia.
Recently, active vitamin D analogues (e.g. paricalcitol)
have become available which are less likely to lead to
hypercalcaemia, but their use is limited by cost. In
patients with resistant disease, the calcimimetic cinacalcet can also be helpful in managing patients with
CKD-associated hyperparathyroidism. It is also costly.
Inadequately treated parathyroid hyperplasia progresses
to tertiary hyperparathyroidism, which may require
surgical intervention. Chronic hypercalcaemia and
hyperphosphataemia associated with tertiary hyperparathyroidism make a signiﬁcant contribution to the
increased risk of vascular disease in patients with CKD,
and therefore have a signiﬁcant effect on overall morbidity and mortality.
• Management of traditional vascular risk factors such
as cholesterol and smoking.

How often should Mr Davies
be seen in renal clinic?
Patients with CKD stage 4 should be seen 3–6 monthly
for bloods and assessment. In the UK it is recommended

that patients with CKD have their renal function regularly assessed so that any decline in function can be
managed in a timely and appropriate manner. Suggested
frequency of review is as follows.
• Stage 1 – annual
• Stage 2 – annual
• Stage 3 (known to be stable) – annual
• Stage 3 (newly diagnosed or progressive) – 6
monthly
• Stage 4 (known to be stable) – 6 monthly
• Stage 4 (newly diagnosed or progressive) – 3
monthly
• Stage 5 – 3 monthly
Stable renal function is deﬁned as change in GFR
of <2 mL/min/1.73 m2 over 6 months or more. Progressive kidney damage is deﬁned as change in GFR of
>2 mL/min/1.73 m2 over 6 months or more.
In patients with CKD stage 4, it is recommended that
the following blood tests are performed on a 3–6 monthly
basis: creatinine, Hb, Ca, PO4, K, HCO3, PTH. There
should also be a dietary assessment (low phosphate +/−
low potassium), correction of acidosis (with oral bicarbonate supplements), optimal BP control and treatment
of anaemia with iron+/− EPO.

What other issues need to be
addressed?
Mr Davies’ renal function is poor and it is likely that he
will need RRT in the future. He needs to be informed of
this and of the various RRT options, which should be
discussed in detail. Some patients with ESRF can be
managed conservatively (with the measures described
above), and this may be appropriate in very elderly individuals with multiple co-morbidities. For most patients
RRT is advised – haemodialysis, peritoneal dialysis or
renal transplantation. Timely planning for dialysis is
important so that access (arteriovenous ﬁstula (AVF) or
PD catheter) is in place when the patient needs RRT.
Early transplant work-up is also preferable, and many
patients are now placed on the deceased-donor transplant waiting list around 6 months before it is anticipated
that they will need dialysis. In addition, if they have a
friend or relative who may act as a live donor, then preemptive transplantation may be possible before they
need dialysis.
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C ASE REVIEW
A 49-year-old man presents with heachache and lethargy.
Investigations show an eGFR of 17 mL/min/1.73 m2 (CKD
stage 4) and two small kidneys on ultrasound. The patient’s
iron stores, PTH, calcium and phosphate are assessed, and
appropriately managed with intravenous iron, 1α-calcidol

and Calcichew. In addition, the patient is provided with
information about end-stage kidney disease and the
options available to him, including haemodialysis,
peritoneal dialysis and transplantation.

K EY POINT S
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• Chronic kidney disease is usually asymptomatic in its early
stages, so patients often present late with advanced
disease.
• The causes of CKD are generally renal, the most common
being diabetic nephropathy, hypertensive nephropathy,
APKD, chronic GN, chronic pyelonephritis/reﬂux, chronic
obstruction and renovascular disease.
• The frequency of CKD increases with age. It is thought
that around 5% of the population have a GFR of <60 mL/
min/1.73 m2. Screening for CKD in primary care allows
timely referral to specialist services and can slow the
progression and reduce the complications of CKD.
• UK guidelines suggest that patients at risk of developing
CKD should be screened (by measuring serum creatinine)
on an annual basis. This includes those with:
䊊 previously diagnosed CKD, ADPKD, reﬂux nephropathy,
biopsy-proven GN, persistent proteinuria, urologically
unexplained persistent haematuria
䊊 hypertension, diabetes mellitus, heart failure,

atherosclerotic coronary, cerebral or peripheral vascular
disease
䊊 bladder outﬂow obstruction, neurogenic bladder,
urinary diversion, recurrent stone disease
䊊 long-term treatment with ACEI, ARB, NSAID, lithium,
5-aminosalicylates, calcineurin inhibitors
䊊 multisystem diseases that involve the kidney
䊊 a ﬁrst-degree relative with CKD.
• The complications of CKD are anaemia, 1,25(OH)2 vitamin
D deﬁciency (leading to hypocalcaemia and
hyperparathyroidism), accelerated vascular disease and
renal bone osteodystrophy.
• These complications can be treated with iron and
recombinant erythropoietin, 1α-calcidol and phosphate
binders.
• Patients should also be informed of, and prepared for,
renal replacement therapy. This includes transplant
work-up (where appropriate) or the formation of an AVF
(in preparation for haemodialysis).

Case 25 A 23-year-old man with shortness
of breath

Fluid taken orally which cannot be removed by the
failing kidney will accumulate in both the peripheral
tissues (peripheral oedema) and the lungs (pulmonary
oedema).

The cause of renal failure should be sought with an acute
renal screen (see Box 25.1) and can be pre-renal, renal or
post-renal. Obstruction has been excluded by the US
scan (no hydronephrosis) and there is nothing to suggest
a pre-renal cause (chronic hypotension, e.g. in patients
with severe congestive cardiac failure, can lead to chronic
renal impairment or renovascular disease). Therefore,
there is likely to be a renal cause, for example a GN or
chronic pyelonephritis.

How would you interpret these
investigations?
The bloods show that he has signiﬁcant anaemia
and severe renal failure. His calcium is low and his phosphate is high, in keeping with secondary hyperparathyroidism (elevated PTH due to hypocalcaemia). In this
case, his calcium is likely to be low because of renal
failure, which leads to a reduction in the activity of renal
1α-hydroxylase required for the production of active
vitamin D.
The ultrasound scan shows two small kidneys (≈8 cm)
with cortical thinning and no hydronephrosis. Normal
size for kidneys in a young man is around 11–12 cm. The
renal failure is therefore likely to be chronic.
He has signiﬁcant pulmonary oedema on his chest
radiograph, which is probably secondary to ﬂuid overload. Patients with renal failure become oliguric and
therefore cannot adequately control their volume status.

Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.

What risks need to be discussed with
the patient prior to insertion?
Temporary dialysis lines are usually placed into the
internal jugular vein or the femoral vein. The main
complications are:
• pneumothorax (internal jugular line)
• haemorrhage/haematoma formation
• arterial puncture
• mediastinal damage (rare, internal jugular line)
• infection.
169
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be managed?
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Figure 25.1 Ultrasound scans showing
bilateral small kidneys (right 8.27 cm, left
8.51 cm).
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Box 25.1 Acute immunological renal screen
•
•
•
•
•

ANA, ANCA, anti-GBM, anti-dsDNA
C3/C4
C3 nephritic factor
IgG, paraprotein, Bence Jones protein
Cryoglobulins

Are there any particular problems which
can arise when inserting lines in
patients with ARF?
In order to insert a central line, the patient needs to be
lying relatively ﬂat. Someone like Mr Halfpenny who has
signiﬁcant pulmonary oedema may struggle to lie ﬂat
because this will make his breathlessness worse (orthopnoea). Patients with uraemic pericarditis are also often
reluctant to lie down, because the chest pain associated
with pericarditis is relieved by sitting forward. In addition, severe uraemia can impair platelet function, so the
exit site can be quite oozy post-insertion. Finally, during
internal jugular line insertion, the end of the wire may
tickle the right ventricle and precipitate an arrhythmia
(hyperkalaemia makes this more common and more
serious).

What will you write in the notes?
There is upper lobe diversion (volume overload). There
is a left internal jugular temporary dialysis line, the tip of
which is lying in the right atrium. There is no obvious
pneumothorax (look for this by tracing out the vascular
markings in the lung right out to the peripheries).

Figure 25.2 Mr Halfpenny’s chest radiograph (AP) demonstrating
upper lobe diversion and a left internal jugular central line.

The ﬁrst session should be short (usually 2 hours)
in order to prevent a rapid drop in urea and the ‘dialysis
disequilibrium’ which can result. When haemodialysis
is started in severely uraemic patients, neurological disturbances may occur. Symptoms develop during or
immediately after haemodialysis and include nausea,
headache, blurred vision, disorientation and increased
blood pressure. More severely affected patients can
progress to confusion, seizures, coma and even death.
The risk of disequilibrium syndrome can be minimized
if dialysis is initiated as frequent (daily) short (2-hour)
sessions. Symptoms of dialysis disequilibrium syndrome
are usually self-limiting and dissipate within several
hours.
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Figure 25.3 Patient receiving haemodialysis via a tunnelled dialysis line. The line is tunnelled under the skin to reduce the risk of infection.
There is a cuff partway up the line which sits in the tunnel. Scar tissue forms around the cuff and assists in stabilizing the line and
preventing the proximal migration of skin ﬂora.

How long should the temporary
line be left in situ?

What are the most likely
underlying diagnoses?

Seven to 10 days. More permanent access will need to be
established for long-term dialysis. Initially this will be in
the form of a tunnelled central line. If it is likely that the
patient will need chronic haemodialysis, an AVF should
also be formed as soon as possible, because this will take
around 2 months to mature. This should be borne in
mind during the day-to-day management of the patient
and if possible, their non-dominant upper limb should
be rested from venesection and cannulation in an attempt
to preserve the veins for surgery.

In patients presenting with ESRF and small kidneys, with
a normal acute renal screen, it is likely that one of the
following diagnoses is the underlying cause of chronic
kidney damage:
• renal dysplasia
• reﬂux nephropathy
• IgA nephropathy
• hypertensive nephropathy.

What are the problems associated
with long-term use of a tunnelled line
for haemodialysis?
The main complications associated with the long-term
use of intravascular dialysis catheters include infection,
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Venous needle inserted
into proxi al end of AVF

Arterial needle inserted
into distal end of AVF

Wrist

Forearm

This patient has a well-developed
radiocephalic AVF

Figure 25.4 Patient receiving haemodialysis via an AVF.

Recurrent or prolonged venous catheterization can
lead to stenosis or occlusion of the vein. This precludes
further use of the vein for central access and if the subclavian or innominate vein is involved, such stenoses may
cause venous hypertension of the limb and make the
arterio-venous ﬁstula (AVF) function poorly.

Thenar e inence
Radial artery

Cephalic vein

Forear
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Blood is re oved via the arterial needle/line,
dialysed and then returned to the patient via
the venous needle/line

Figure 25.5 Vessels at the wrist used to form an AVF. The radial
artery (dotted lines, red arrow) runs close to the cephalic vein (blue
arrow) at the wrist. The two can be joined to make an AVF.

particularly with gram-positive organisms. Staphylococcus epidermidis and Staph. aureus are the most common
causative bacteria and are associated with both exit site
and tunnel infections. Occasionally such line infections
can be complicated by infective endocarditis if there is
recurrent bacteraemia during dialysis episodes.

For patients on maintenance haemodialysis, the vascular
access of choice is an AVF. The forearm is usually the
site of choice and the standard location for anastomosis
is 3–5 cm proximal to the wrist since the radial artery
and cephalic vein come close together at this site
(Figure 25.5). The ﬁrst attempt is usually performed in
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Are there any other issues in this
case which need to be addressed,
preferably prior to discharge?
• Anaemia: provided iron stores are adequate (this

should have been checked prior to transfusion), the
patient should be commenced on recombinant erythropoetin (EPO) to replace native EPO which would
normally be made by the kidneys. The introduction of
recombinant human EPO is probably the single most
important advance in the management of chronic renal
failure in the last 20 years. Prior to this, the only treatment for anaemia was blood transfusion which was
associated with a number of complications including
sensitisation against HLA antigens (thus limiting the
number of suitable organ donors), transmission of infectious agents (mainly hepatitis B and C and HIV), and
haemochromatosis due to iron overload. In addition,
chronic anaemia led to cardiovascular complications,
particularly left ventricular dysfunction and congestive
cardiac failure. The correction of anaemia with EPO has
a number of beneﬁcial effects including improvement of
overall well-being, exercise performance and cognitive
function. Several studies have also shown a reduction in
the prevalence of LVH and the risk of congestive heart
failure.
The shared US and European consensus is that a reasonable target range for correction of anaemia in dialysis
patients should be Hct 33–39% (i.e. Hb 11–13 g/dL).
EPO can be administered either subcutaneously or
intravenously.
• Secondary hyperparathyroidism: hypocalcaemia results
from a deﬁciency of renal 1α-hydroxylase activity, which
reduces the levels of active vitamin D (see Part 1, Figure
F). The patient should be commenced on vitamin D
supplementation, for example 1α-calcidol, to correct
hypocalcaemia and reduce the drive for the production
of PTH in an attempt to prevent the development of
tertiary hyperparathyroidism.
• Work-up for transplantation: this should be started as
quickly as possible, particularly in younger patients as
transplantation offers signiﬁcant survival beneﬁts compared with dialysis. Work-up includes assessment of
blood group, HLA type (A, B, DR) and sensitisation

(presence of anti-HLA antibodies) (see case 30). It is
likely that Mr Halfpenny will need a period on dialysis to
optimise his volume status and cardiovascular function.
• Lifestyle changes: low-potassium and low-phosphate
diet, ﬂuid restriction, smoking cessation.

What issues should be addressed
during the review?
• Is dialysis being adequately tolerated by the patient,

both physically and mentally? For example, does he
become hypotensive during or after sessions, is his vascular access working satisfactorily, how is he coping with
the inevitable effect that regular dialysis sessions have on
his lifestyle?
• Is the patient complying with ﬂuid restriction and diet
restrictions?

Why do patients become hypotensive
during dialysis?
Hypotension is a common dialysis-associated complication. There may be associated nausea, vomiting and
muscle cramps. The main cause is excess volume removal
by ultraﬁltration which is replaced by reﬁlling from the
interstitial ﬂuid compartment. If the ultraﬁltration (UF)
rate exceeds the reﬁlling rate, intravascular volume contraction will result. If a patient does not adhere to his
ﬂuid restriction then he may need a higher volume
removed during the same time period allotted for dialysis. Therefore the UF rate is even more likely to exceed
the rate of replacement from the interstitium. Another
cause of plasma volume contraction is an underestimation of the so-called dry weight to be achieved at the
end of the dialysis session. The effect of both is to reduce
SV and hence CO, which in turn leads to a reduction
in MAP.
In normal circumstances, the autonomic response to
the reduction in SV is to increase HR and TPR. However,
studies suggest that in dialysis patients there is often an
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the patient’s non-dominant hand. Another suitable
site is the anatomical snuff box where the dorsal
branch of the radial artery and cephalic vein are closely
apposed. The operation is usually carried out under local
anaesthetic.
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impaired sympathetic response to volume removal, possibly due to the effects of chronic uraemia on the autonomic nervous system. In addition, in older patients with
impaired LV function this inability to compensate for
dialysis hypotension can lead to a temporary reduction
in cardiac output.
The acute management of dialysis hypotension
involves stopping or reducing the rate of ultraﬁltration.
The patient should be placed in the supine position and
if he remains hypotensive it may be necessary to give
volume replacement, e.g. 250–500 mL bolus of saline or
Gelofusine.
A number of factors can exacerbate dialysis hypotension including occult sepsis, myocardial infarction, pericardial disease/effusion and haemorrhage.
General measures to prevent repeated episodes of
hypotension include increasing the patient’s dry weight
(if appropriate) or prolonging dialysis time to reduce the
rate of ultraﬁltration per hour.

aortic calciﬁcation/sclerosis: patients with chronic
hypercalcaemia (due to tertiary hyperparathyroidism)
develop medial calciﬁcation of blood vessels and calciﬁcation of the aortic valve.

䊊

What are the important features to note
on reviewing Mr Halfpenny in the
haemodialysis clinic?
• General appearance, particularly signs of cachexia:

some patients develop so-called dialysis cachexia and
can lose muscle mass on starting dialysis. They may also
have poor nutrition if they stick rigorously to the lowphosphate and low-potassium diets imposed.
• Intravascular volume status: patients with little urine
output often struggle with strict ﬂuid restrictions and
become chronically volume overloaded. This may be
manifest as a raised JVP, elevated blood pressure, peripheral or pulmonary oedema.
• Dialysis access: lines or AVF should be checked.
The line exit site/tunnel should be checked for signs
of infection (erythema, tenderness, discharge). A number
of problems can arise following ﬁstula formation, including steal syndrome with signs of ischaemia in the limb
distal to the ﬁstula. With time, AVF can become quite
large and unsightly and may also develop aneurysmal
segments.
• Cardiovascular complications of chronic dialysis: these
include:
䊊 endocarditis related to recurrent bacteraemia (therefore look for splinter haemorrhages, Osler’s nodes,
Janeway lesions, new murmur)
䊊 changes associated with chronic volume overload,
hypertension and anaemia, particularly LVH and
dysfunction

What adjustments would you make
to his medications?
There are a number of issues.
• Hypertension: his predialysis BP is elevated (should be
<140/90 mmHg). This may be in part due to intravascular volume overload. He should be encouraged to stick
to his ﬂuid restriction and it may be necessary to further
reduce his dry weight. If this does not improve matters
then his antihypertensive meds could be increased (e.g.
increase lisinopril to 20 mg).
• His phosphate levels are too high in spite of Calcichew.
Therefore it may be useful to switch to an alternative
phosphate binder such as sevelamer.
• In addition, he should be commenced on 1α-calcidol
as he is now hypocalcaemic and his PTH is elevated
(>1.5 normal range).

What do you understand by the term
‘dialysis adequacy’?
Dialysis adequacy is a measure of whether the dose of
dialysis the patient receives is sufﬁcient to adequately
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remove waste products. Failure to provide adequate
dialysis can have a negative impact on long-term survival
of patients on dialysis. Dialysis adequacy is usually
assessed by two measures.
• Kt/V (where K is the dialyser clearance of urea, t is the
dialysis time, and V is the patient’s total volume of body
water). Kt/V = 1.0 indicates that a volume of blood equal
to the distribution volume of urea has been completely
cleared of urea.

• Urea reduction ratio (URR). This is calculated by

U pre − U post
×100
U pre
Both measures of dialysis adequacy involve taking blood
samples from the patient before and after dialysis and
measuring the urea. Current UK Renal Association
guidelines suggest that physicians should aim for a target
Kt/V of >1.4 or a URR of >70%.
the formula: URR =

A 23-year-old man presents with severe dyspnoea
secondary to pulmonary oedema. Investigations show
that he has ESRF with small kidneys and a creatinine of
>1000 μmol/L. A temporary dialysis line is placed and he
is started on haemodialysis in order to remove ﬂuid. The
patient receives appropriate dialysis education and opts

for haemodialysis rather than peritoneal dialysis. He is
subsequently dialysed via a tunnelled central line and
then an arteriovenous ﬁstula. He is also commenced on
recombinant erythropoietin. Intradialytic hypotension
and secondary hyperparathyroidism are the main
ongoing management issues.

KEY POINT S
• For acute haemodialysis, venous access may be

•

•

•

•

temporarily achieved using a temporary central dialysis
catheter (which lasts for a week or so). In the medium
term, access is provided via a tunnelled central line, which
can last for a number of months.
The main complication of tunnelled lines is infection (exit
site, tunnel or even infective endocarditis), which is often
caused by staphylococci. Prolonged use of lines (for
months or even years) is possible, but may be associated
with the development of stenoses in central veins.
For patients on maintenance haemodialysis, the vascular
access of choice is an AVF. The non-dominant forearm is
the standard location for the anastomosis.
A number of complications can limit the long-term
survival of AVF. Occlusion/thrombosis of the ﬁstula can
occur if the patient becomes hypotensive on dialysis due
to excessive removal of ﬂuid, if he/she is hypercoagulable
or if there is a pre-existing stenosis of the draining vein.
Another problem encountered is ‘steal syndrome’, so
named because the AVF ‘steals’ blood which would

normally ﬂow to the palmar arch. The symptoms of steal
syndrome are a cold sensation and pallor of the ﬁngers
frequently accompanied by ischaemic pain and, in severe
cases, necrosis. Treatment of steal syndrome is to
decrease the blood ﬂow through the ﬁstula, thereby
ensuring enough blood supply to the peripheral tissues.
This may involve closing off the ﬁstula.
• Patients with ESRF on dialysis also have problems with:
䊊 hypertension (mainly due to ﬂuid overload in anuric
patients). This can be addressed by encouraging patients
to adhere to ﬂuid restriction (750 mL in 24 hours) and
attempting to remove excess ﬂuid during dialysis
sessions
䊊 hyperphosphataemia (treated with a low-phosphate diet
and oral phosphate binders)
䊊 vitamin D deﬁciency/secondary hyperparathyroidism
(usually treated with oral supplementation)
䊊 anaemia (treated with iron supplementation and
recombinant erythropoietin).
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Case 26 A 34-year-old man on haemodialysis
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elevated in dialysis patient, along with CRP. If serum
iron is low and total iron-binding capacity is high then
iron should be replaced. Oral supplementation is poorly
tolerated and poorly absorbed. Therefore iron is frequently administered intravenously, as this can easily be
performed during dialysis sessions.
• Uncontrolled hyperparathyroidism: if long standing,
this can lead to marrow ﬁbrosis.
• Inadequate quality or quantity of dialysis: optimising
the quality of the water used for the preparation of the
dialysis ﬂuid may reduce the degree of anaemia and the
patient’s EPO requirements. Various chemical contaminants (aluminium, copper, lead, chlorine) and bacterial
contamination of the dialysis ﬂuid (which trigger the
generation of cytokines and enhance an inﬂammatory
state) act as inhibitors of erythropoiesis. The use of pyrogen-free, ‘ultrapure’ dialysate can result in a signiﬁcant
reduction of EPO dosage.
• Drugs, e.g. ACEI.
• Aluminium overload: this is now uncommon in dialysis patients but can lead to EPO insensitivity. It is usually
associated with a normo- or microcytic anaemia.
• Compliance issues: if EPO is self-administered subcutaneously then there may be compliance issues, sometimes because patients genuinely forget to give it because
it is only required once every 1–2 weeks. Others do not
like self-medicating subcutaneously, although ‘pens’ are
available for ease of administration.

What are the causes of persistent
anaemia in dialysis patients receiving
erythropoietin replacement?
Erythropoietin resistance can result from a number of
factors.
• Iron deﬁciency: this is the most common cause for a
suboptimal response to EPO therapy. Assessment of iron
stores can be difﬁcult because ferritin levels are often
Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.
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What is the major side-effect
encountered following commencement
of erythropoietin?
Many patients experience a worsening of pre-existing
hypertension or develop new hypertension. Around 20%
of patients with ESRF started on EPO will require the
institution or increase of antihypertensive medications.
The elevation of BP usually develops soon after starting
EPO, and is more common in patients with pre-existing
hypertension. It is frequently correlated with the rapidity
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What questions would you ask
on initial assessment?
• Duration: when did the headache start?
• Onset: sudden or gradual? Sudden-onset headache

suggests vascular causes, e.g. SAH.
• When is it worse? Headache which is worse at night or

ﬁrst thing in the morning and wakes patient from sleep
is suggestive of raised intracranial pressure.
• In terms of headache – site, exacerbating and relieving
factors? Worrying features: vomiting, blurred vision,
photophobia?
• Any other neurological symptoms? Weakness, numbness, word-ﬁnding difﬁculty, speech difﬁculty.
• Previous similar episodes?
• Any systemic symptoms, such as fevers or night sweats,
which may indicate an infection?
• Any cardiovascular symptoms such as chest pain or
shortness of breath?
• What medications is he currently taking?

What are the important signs to seek
when examining Mr Henson?
Given his history (dialysis-dependent ESRF, poorly controlled hypertension), the most likely diagnoses are:
• dialysis-associated hypotension
• hypertension-associated headache
• CVA – ESRF is a major risk factor for atherosclerosis
and vascular disease, therefore CVA and MI can occur in
relatively young patients
• intracerebral
haemorrhage
(hypertension
associated).
End-stage renal failure is also an immunosuppressed
state (dialysis patients have been shown to have abnormal numbers and function of lymphocytes, possibly due
to chronic uraemia), so infections (meningitis/encephalitis) should also be considered.
Appropriate signs to seek on examination include the
following.
• GCS
• Purpuric rash (associated with meningococcal
septicaemia)
• Temperature
• CVS – BP? Intravascular volume status? Signs consistent with LVH, hyperdynamic apex, which may be displaced, systolic ﬂow murmur
• RS – respiratory rate, pulmonary oedema
• NS – neurological signs, particularly signs of raised
intracranial pressure (papilloedema, false localising signs,
e.g. VI cranial nerve palsy, and the presence of any focal
neurological signs
• Signs of hypertensive retinopathy (silver wiring, AV
nipping, ﬂame haemorrhages, papilloedema).

What are your differential diagnoses?
He has deﬁnite localising neurological signs suggestive of
right-sided cerebral pathology. In addition, the relatively
acute onset is suggestive of a vascular event. Possible
causes include a thromboembolic cerebrovascular accident or an intracerebral haemorrhage. Accelerated/
malignant hypertension is less likely given the marked
focal neurological signs.
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of the increase of haematocrit. The control of EPOinduced hypertension is facilitated by reducing excessive
extracellular volume through more intensive ﬂuid
removal during dialysis.
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What are your immediate
management steps?
• Ensure airway, breathing and circulation are adequate.
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If there is concern about any of these features then an
urgent intensive care referral is advisable.
• Stop the dialysis session.
• Provided his consciousness level is sufﬁcient to ensure
a safe airway and he is cardiovascularly stable, urgent
investigations should be organised, including:
䊊 FBC, U+E, CRP, clotting
䊊 ECG
䊊 CT head.
Figure 26.1 Mr Henson’s CT head demonstrating right-sided
intracerebral haemorrhage with some surrounding oedema and
mid-line shift.

What do the investigations show?
• The Hb and U+E are in keeping with a patient on

long-term haemodialysis.
• The APPT is prolonged, probably due to the heparin

he received during the dialysis session.
• The ECG shows LVH, in keeping with the history of

chronic hypertension.
• The CT shows a right-sided intra-cerebral haemorr-

hage.

What does the ECG show?
The ECG shows ST elevation inferiorly, consistent
with MI.

Case 26 179

I

aVR

V1

V4

II

aVL

V2

V5

III

aVF

V3

V6

II

abnormalities.

=

Does an elevated troponin reliably
indicate myocardial damage in a patient
with end-stage renal failure?
Troponin-T and troponin-I are both integral parts of
the cardiac muscle infrastructure. Troponin is release
into the bloodstream when there is damage to cardiac
myocyte cell wall integrity, hence its widespread for the
diagnosis of MI. Although patients with ESRF may have
supranormal levels of troponin on a regular basis, a rise
in troponin-I (from baseline to 12 hours post event) has
been shown to be speciﬁc for myocardial damage. Furthermore, careful analysis of large studies of patients with
acute coronary syndrome e.g. GUSTO IV (Global Use of
Streptokinase and Tissue-plasminogen activator for
Occluded arteries), indicated that troponin elevation in
the context of an acute coronary syndrome was of greater
long-term prognostic importance in patients with renal
impairment than in the normal population.
Mild troponin elevation is common in patients with
asymptomatic end-stage renal disease. This has raised the
possibility that these high-risk patients could be risk
stratiﬁed according to troponin. In such patients, elevation in troponin may reﬂect microinfarctions or LVH.

One large study found that dialysis patients with elevated
troponin were more likely to have severe angiographic
coronary disease.

Why do patients on haemodialysis
have an elevated risk of
cardiovascular events?
Hypertension is the single most important risk factor for
the development of cardio- and cerebrovascular complications. Despite the universally recognised detrimental
effect of hypertension in dialysis patients, 60–70% of
patients remain hypertensive while undergoing HD.
Extracellular ﬂuid expansion is the most important contributory factor, which can be limited by strict adherence
to ﬂuid restriction or by using prolonged daily haemodialysis (e.g. for 12 hours overnight). Although an expansion of extracellular volume accounts for persistent (or
resistant) hypertension in many haemodialysis patients,
some remain hypertensive despite reaching their ‘dry
weight’. It has been suggested that these patients have
inappropriate activation of the renin–angiotensin system,
which leads to an increase in peripheral vascular resistance, and hence MAP. Increased activity of the sympathetic system has also been demonstrated in HD patients.
In addition, administration of exogenous EPO may cause
exacerbation of hypertension in dialysis patients.
Other vascular risk factors speciﬁc to dialysis patients
include an elevation of calcium and phosphate (due
to hyperparathyroidism) which can result in soft tissue
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Figure 26.2 Mr Henson’s ECG showing ST elevation in leads II, III, and aVF consistent with an inferior infarct. This territory is usually
supplied by the right coronary artery, which also supplies the SA node. Therefore, inferior MIs can be associated with conduction
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calciﬁcation. In particular, calciﬁcation of the media
of arteries is observed. Dialysis patients may also have
evidence of chronic inﬂammation (raised CRP and ferritin) and this inﬂammatory milieu may also drive
atherosclerosis.
Traditional risk factors such as smoking and diabetes
contribute to vascular disease in dialysis patients. Some
patients have ESRF secondary to renovascular disease or
diabetic nephropathy and will therefore already have signiﬁcantly diseased blood vessels before starting dialysis.
The role of an elevated cholesterol/LDL in the progression of vascular disease in dialysis patients is unclear and
as yet, studies have not shown an obvious survival beneﬁt
from the use of statins in dialysis patients.

Age starting dialysis
18–44 years
45–64 years
65+ years
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Figure 26.3 Patient survival on dialysis. Based on UK Renal
Registry ﬁgures 1997–2005.
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C ASE REVIEW
A 58-year-old man with ESRF on dialysis has persistent
problems with ﬂuid overload and as a result has chronic
hypertension. He subsequently presents with a severe
headache whilst on dialysis and has focal neurological
signs. A CT head demonstrates intracerebral haemorrhage.

He is managed on a neurointensive care unit and makes a
good recovery. Three years later he develops hypotension
during dialysis and is found to have had a myocardial
infarction.

K EY POINT S
• Although dialysis keeps patients alive, it cannot fully
recapitulate the function of the kidneys and patients
accrue a number of morbidities which inevitably limit their
life expectancy:
䊊 a 20 year old starting dialysis has a 70% 5-year survival
䊊 a 40 year old starting dialysis has a 40% 5-year survival
䊊 a 60 year old starting dialysis has a 25% 5-year survival.
Survival curves are shown in Figure 26.3.
• The main causes of mortality are vascular disease, either
cardiovascular or cerebrovascular.
• Hypertension is the single most important risk factor for
the development of cardio- and cerebrovascular
complications; 60–70% of haemodialysis patients are
hypertensive, often due to extracellular ﬂuid expansion.
• Long-term uncontrolled hypertension causes LVH which is
an independent risk factor for cardiomyopathy, cardiac
failure, ischaemic heart disease and death.
• Poorly controlled tertiary hyperparathyroidism with chronic
hypercalcaemia also leads to medial calciﬁcation of
arteries.

• Once vascular disease is established, intradialysis
hypotension can precipitate angina, myocardial infarction
or CVA so such acute events frequently occur on the
dialysis unit. Cardiac events can be silent so it is important
to keep this in mind when reviewing haemodialysis
patients with persistently low blood pressure post dialysis
sessions.
• Troponin-I elevation in a setting of suspected acute
coronary syndromes in patients with ESRF is of substantial
prognostic importance.
• Other complications of long-term dialysis include an
increased risk of infection and malignancy. In addition,
some patients develop β2-microglobulin amyloidosis,
although this is becoming increasingly rare. This presents
with carpal tunnel syndrome, arthropathy and bone
disease.
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Case 27 A 54-year-old man with end-stage
renal failure

Are there any reasons why peritoneal
dialysis might be a better option for
Mr Byrne than haemodialysis?

Are there any factors which might
make Mr Byrne unsuitable for
peritoneal dialysis?
• Previous abdominal surgery, with possibility of adhe-

sions; hence poor drainage and inefﬁcient dialysis.
• Poor manual dexterity, e.g. due to arthritis in the

hands or a neurological disorder which may render the
patient physically unable to perform exchanges.
• Blindness.
• Inadequate home/social circumstances (need lots of
space for large amount of ﬂuid, and a clean room set
aside for exchanges).
• Poor mental dexterity/inability to grasp importance or
method of aseptic technique. If the patient is unable to
appreciate this then the risk of developing peritonitis is
high.
• Obesity: makes likelihood of adequate volume
exchanges low.
• Abdominal hernias: can be repaired at time of placement of PD catheter, but frequently recur.
• Stomas: increase risk of infection
• Severe inﬂammatory bowel disease.
• Patients with severe COPD may ﬁnd that respiration
is impaired during large-volume dwells.

Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.

independence, PD is a better option than HD. PD
patients do not need to travel to the dialysis unit three
times a week and can perform exchanges at home or even
in work (some employers will put aside a ‘clean room’
for storage of ﬂuid and exchanges at work).
• PD can also be the best form of dialysis for patients
with poor cardiovascular function, e.g. diabetics, who
often have difﬁculty tolerating HD and can become
hypotensive and cardiovascularly unstable during HD
sessions.
• In some patients (often those who have been on HD
previously), vascular access is limited because of central
vein stenoses or occlusion. In these patients, PD may be
the only option.
• There is some evidence to suggest that PD may prolong
residual renal function compared to HD.

What do you tell him?
Peritoneal dialysis catheters can be inserted under local
anaesthetic, and this is done routinely in some renal units
with a speciﬁc interest in PD, in uncomplicated patients
with ‘virgin’ abdomens. The procedure is often performed by a nephrologist rather than a surgeon. In more
difﬁcult cases or in units where there is no nephrologist
with the required expertise, PD catheters are placed by
surgeons, under a general anaesthetic.
181
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• For patients who are well motivated and value their
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Table 27.1 Composition of PD exchange ﬂuid
Component

Concentration

Sodium (mmol/L)

132–134

Potassium (mmol/L)

0–2

Calcium (mmol/L)

0–1.75

Magnesium (mmol/L)

0.25–0.75

Chloride (mmol/L)

95–106

Lactate (mmol/L)

35–40

Glucose (g/dL)

1.36–3.86 (dextrose anhydrous)
1.5–4.25 (dextrose monohydrate)

Amino acids

1%

Ph

5.2–5.5

Osmolality (mOsm)

358–511
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Figure 27.1 A tenckhoff PD catheter.

Figure 27.2 A patient with a PD catheter in-situ (inserted 6 weeks
previously). Exit site looks slightly erythematous. The paramedian
insertion incision is seen below the umbilicus.

There are a number of different designs of catheter
available, for example Tenckhoff or Toronto-Western
catheters (Figure 27.1).
The insertion procedure involves a paramedian incision through which the catheter is placed into the
abdominal cavity between the visceral and parietal peritoneum (Figure 27.2). The intraperitoneal portion may
be straight or curved and has small holes distally through
which the ﬂuid ﬂows. Curved catheters are said to minimise discomfort which can occur if a strong jet of ﬂuid
is produced as the ﬂuid enters the peritoneal cavity. The
proximal, extraperitoneal part of the catheter is then tunnelled under the skin laterally so that the proximal cuff
of the catheter lies in the tunnel, at least 2 cm from the
exit site. The distal cuff should be embedded in the musculature of the anterior abdominal wall. The tunnel and
cuffs reduce the risk of bacteria ﬁnding their way into the

peritoneal cavity. The insertion procedure is usually
covered with prophylactic antibiotics, for example a oneoff bolus of vancomycin and gentamicin.
Following PD catheter insertion, the peritoneal cavity
is usually rested for at least 1 month to allow adequate
healing and to reduce the risk of developing a leak. The
catheter can be ﬂushed immediately postoperatively with
a low-volume ﬂush but a large-volume dwell is not
placed until the peritoneum has healed. During this time
the patient should receive appropriate training in readiness to use the catheter.

What regimen of peritoneal dialysis
exchanges would you prescribe
initially and once he is established
on peritoneal dialysis?
Composition of ﬂuids
Peritoneal dialysis ﬂuid needs to be similar in composition to interstitial ﬂuid, and hypertonic to plasma in
order to achieve ﬂuid removal (Table 27.1 shows typical
composition of PD ﬂuid). Several osmotic agents were
initially evaluated but glucose was found to be the safest
and most effective. Glucose solutions of differing
strengths are used, depending on how much ultraﬁltra-
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Volume of ﬂuid
Initially, relatively small volume exchanges are used, for
example, 1 litre. The volume of each exchange is gradu-

(a)

ally increased provided the patient is not in too much
discomfort and there are no obvious leaks. Once a patient
is established, a typical exchange involves the instillation
of 2 litres of ﬂuid.
Administration of ﬂuid
There are two ways of instilling ﬂuid into the peritoneal
cavity.
• Manual method or continuous ambulatory peritoneal
dialysis (CAPD): this involves the patient or carer manually connecting a bag of PD ﬂuid to the dialysis catheter
via a transfer set and instilling the ﬂuid into the peritoneal cavity using gravity, e.g. bag placed on table above
the level of the bed/chair. The ﬂuid is then drained out
(again using gravity) after a dwell period of several hours,
e.g. bag is placed on the ﬂoor. This procedure is repeated
3–4 times a day (Figure 27.5).
• Automated method or automated peritoneal dialysis
(APD): this refers to all forms of PD employing a
mechanical device to assist in the delivery and drainage
of the dialysate. The various therapeutic regimens
encompassed by APD are continuous cyclic PD (CCPD),
intermittent PD (IPD), nightly intermittent PD (NIPD)
and tidal PD (TPD). The most obvious advantage of APD
is that it eliminates the need for intensive manual involvement, reducing the work to two procedures daily – setting
up the dialysis machine, and connecting and disconnecting the patient and dismantling the machine. It is a
home-based therapy carried out by the patient or
carer overnight, which may be more convenient than
CAPD because it allows freedom from all procedures
during the day.

(b)

Figure 27.3 A bag of PD ﬂuid. Bags are colour coded according to glucose concentration. In this case the orange cap indicates 3.86%
glucose (a). The front of the bag conﬁrms the type of ﬂuid and glucose concentration (b).
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tion is required. Bags of differing glucose concentrations
are colour coded for clarity, which patients ﬁnd very
helpful (Figure 27.3).
• Yellow – 1.36%
• Green – 2.27%
• Orange – 3.86%
Prolonged exposure of the peritoneal membrane to glucose-containing solutions causes damage and a reduction
in permeability over time. In addition, glucose is absorbed
from the peritoneal cavity during a dwell. This means
that UF is not maintained throughout the whole period
of the dwell (Figure 27.4). The use of glucose-containing
dialysis solutions is associated with a number of adverse
metabolic effects, including obesity, glucose intolerance,
hyperinsulinaemia, reduced peripheral sensitivity to
insulin, and hyperlipidaemia. Therefore, newer solutions
have been developed to avoid these unwanted effects, for
example icodextrin and amino acid-containing solutions. Icodextrin is a glucose polymer, which is not
absorbed to the same extent as glucose during exchange.
It exerts a colloid rather than a crystalloid osmotic effect
and is particularly effective in producing sustained UF
during prolonged dwells. Amino acid-containing dialysis
solutions are also available, e.g. Nutrineal, Extraneal. The
osmotic and dialysis efﬁcacy is similar to glucose but
there are no adverse effects on peritoneal permeability
and they may also alleviate the malnutrition sometimes
present in patients with ESRF.
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Figure 27.4 Volume of intraperitoneal
ﬂuid in different PD regimens.
0

Peritoneal cavity
(with PD fluid in-situ)

Bag of
sterile
PD fluid
Y adaptor

PD catheter Patient
As the fluid flows into the
e pty bag, any bacteria
within the PD catheter
are drained outwards

E pty
drainage
bag

(a) Y adaptor is connected
to a PD catheter

(b) Fluid is drained out into
an e pty bag (by gravity)

The Y adaptor allows new
PD fluid to be drained into
the peritoneal cavity without
reconnecting the PD catheter,
thus reducing the risk of
conta ination.
(c) Fresh PD fluid is drained into
the peritoneal cavity (by gravity)

Figure 27.5 Drainage of ﬂuid into and out of the peritoneal cavity.

addition, there is faecal loading. Both of these factors are
likely to contribute to the impaired drainage of PD ﬂuid
from his abdomen. Other causes of poor drainage include
blockage of the catheter tip by omentum or occlusion by
ﬁbrin clots.

How would you manage this
gentleman?
What is the likely cause of his ﬂuid
drainage problems?
The X-ray shows that the PD catheter is poorly positioned. It is coiled and lies in the upper abdomen. In

Provided he is well (no pulmonary oedema or symptomatic uraemia) and his bloods are satisfactory (i.e. not
dangerously hyperkalaemic), you should attempt to
treat his constipation. This may be achieved with simple
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Table 27.2 Complications after PD catheter insertion
Complications

Action

Operative complications
Exit site haemorrhage

Pressure bandage

Intraperitoneal haemorrhage

Lavage PD ﬂuid

Perforation of hollow viscus

Laparotomy

Catheter tip migration

Treat constipation;
laparoscopic catheter
manipulation; surgery

Exit site infections

Antibiotics, cuff exteriorization

Leakage of PD ﬂuid

Stop PD; antibiotic cover.
If recurrence, catheter
replacement

Pleural leak with effusion

Stop PD; drain effusion if large

Figure 27.6 Mr Byrne’s abdominal X-ray. The tip of the PD
catheter lies in the right, upper abdomen. There is also faecal
loading evident in the descending colon.

laxatives (e.g. lactulose) but often requires more aggressive therapy (e.g. Picolax). A good response to laxatives
can actually cause signiﬁcant movement of the PD catheter into a more satisfactory position and can make a big
difference to drainage.

surgeons for laproscopic repositioning of PD catheter.
If the surgeons feel that the omentum is signiﬁcantly
contributing to the obstruction, then an omentectomy
can be performed.

What other complications may arise
following peritoneal dialysis catheter
insertion?
What would you advise next?
This is unlikely to resolve without repositioning of
the PD catheter. He should therefore be referred to the

Complications can be divided into immediate operative
complications, such as bleeding or perforation, and postinsertion complications, such as catheter tip migration
(summarised in Table 27.2).

CASE REVIEW
A 54-year-old man with ESRF is seen in predialysis clinic.
Following appropriate education, he opts for peritoneal
dialysis as his preferred form of RRT. A PD catheter is
inserted under a general anaesthetic. The wound is allowed
to heal for 4 weeks but following this his PD catheter does
not drain well post dwell. An abdominal ﬁlm is performed

and shows that he is constipated and that the catheter
tip does not lie in the pelvis. He is given laxatives but this
does not improve catheter position so he undergoes a
laproscopic repositioning of the catheter. Following this,
the catheter drains well.
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Postinsertion complications
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• When a patient is approaching ESRF they need to be
properly informed of the types of renal replacement
available to them. There are four options:
䊊 haemodialysis
䊊 peritoneal dialysis
䊊 transplantation
䊊 conservative management (may be appropriate if elderly
with multiple co-morbidities).
• Although transplantation offers the best option in terms
of quality of life and survival for most patients with ESRF,
organ supply is the limiting factor. Most patients remain
on the transplant waiting list for a number of years before
an organ becomes available. As a mode of dialysis, PD has
a number of advantages over HD, particularly because the
patient can perform exchanges at home and it allows
continued independence.
• Peritoneal dialysis catheter insertion is usually performed
as a day case and has a low complication rate. The best

position for the catheter tip is in the true pelvis. Migration
of the catheter out of the pelvis is frequently observed
on abdominal radiographs taken for various reasons in
patients with a functioning catheter. While about 20% of
catheters translocate to the upper abdomen, only
one-ﬁfth of these translocated catheters become
obstructed.
• Slow drainage due to catheter translocation or occlusion
of the tip by bowel or a ﬁbrin clot occurs from time to
time in some patients. Constipation is a common cause of
this complication, so many PD patients are given regular
laxatives in an attempt to avoid constipation. For ﬁbrin
clots, the addition of heparin, 500 units/L of dialysis
solution, is usually successful in restoring good catheter
function.

Case 28 A 50-year-old man on peritoneal
dialysis with abdominal pain

What questions would you ask
Mr Quinnel?
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• Abdominal pain: site, onset, character, severity, radia-

tion, exacerbating and relieving factors of pain.
• Associated features: vomiting, diarrhoea, bowels open?

Passing ﬂatus?
• Is the PD ﬂuid clear or cloudy following a dwell?
• Has the PD catheter exit site been mucky/discharging,

red or painful?
• Similar episodes previously? Any previous history of

PD peritonitis?
• Any other systemic symptoms, e.g. fever, rigors, sweats.
• Any contacts with similar symptoms? Any unusual

foods? May be an infective gastroenteritis or food
poisoning.
• What is his PD regimen (number of exchanges, size of
exchanges, type of ﬂuid, how much UF (i.e. ﬂuid removal
with each exchange)?
• Past medical history: how long has he had renal failure
for? How long has he been on PD? Has he received any
other forms of RRT? Any abdominal problems or
abdominal operations previously?
• What medications is he on?

What is the most likely diagnosis?
If a patient on PD presents with abdominal pain, the
principal concern is that they have developed PD peritonitis. Although Mr Quinnel may develop abdominal pain
secondary to any other cause of an acute abdomen, PD
peritonitis is the most likely diagnosis, particularly given
the cloudy PD ﬂuid he has drained from his abdomen.
Other diagnoses, such as perforation with faecal peritonitis or pancreatitis, should be kept in mind.

Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.
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Figure 28.1 PD peritonitis. Left panel
shows a normal, clear bag of ﬂuid
post-drainage. Right panel shows Mr
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Quinnel’s cloudy ﬂuid bag, consistent
with PD peritonitis.

presents early (as in this case), counts may rise in subsequent ﬂuid samples. Bacteria enter the peritoneal cavity
via the line or ﬂuid, due to poor aseptic technique by the
patient during exchanges, a split or breach in the catheter
or a tunnel/exit site infection. If there is perforation or
faecal peritonitis, gram negatives or a mixed population
are more likely to be identiﬁed.

What are the most common organisms
causing peritoneal dialysis peritonitis?

What do these investigations suggest?
Mr Quinnel has a neutrophil leucocytosis and an elevated
CRP, both of which are suggestive of a current bacterial
infection. He is lymphopaenic, which can occur during a
severe bacterial infection. The U+E are consistent with
his known ESRF. A normal amylase makes pancreatitis
unlikely.
The presence of gram-positive cocci on microscopy of
the PD ﬂuid is consistent with a diagnosis of PD peritonitis. The cell count within the PD ﬂuid is usually elevated in cases of peritonitis, although if the patient

The organisms commonly isolated from PD ﬂuid are
shown in Table 28.1. Gram-positive organisms cause up
to 75% of all episodes of peritonitis; of these, Staphylococcus epidermidis infections are usually mild and easily
treated with appropriate antibiotic therapy. Staph. aureus
is associated with a much more severe presentation and
may be life-threatening. Occasionally they may progress
to abscess formation. Of the gram-negative organisms,
pseudomonas infections are similarly serious. They
are difﬁcult to eradicate and lead to irreversible damage
to the peritoneal membrane such that it is no longer
useful for dialysis. Fungal peritonitis is uncommon, is
generally caused by candida species and usually requires
catheter removal.
Culture-negative peritonitis accounts for 10–30%
of all episodes. This may be due to antibiotic administration prior to culture or poor microbiological technique,
or can occur secondary to peritoneal irritants, e.g.
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Organism

Frequency (% total)

Culture negative

10–30

Coagulase-negative staphylococci

20–25
10–15

Other gram-positive cocci

10–15

Pseudomonas

5

Enterococcus

1–5

Other gram negatives

10–15

Mixed growth

1–5

Fungal

1–5

chemicals, dialysis ﬂuid components, endotoxins and
antiseptics.

What treatment should Mr Quinnel be
started on?
Most renal units have speciﬁc PD peritonitis protocols
that provide the best empirical treatment, based on
known previous cultures, until sensitivities are available.
This usually involves the administration of intraperitoneal (IP) antibiotics, for example vancomycin or ceftazidime, which provide antimicrobial activity against most
gram-positive bacteria. In addition, there should be some
provision for gram-negative organisms if vancomycin is
used, for example, oral ciproﬂoxacin.

How often would you measure his
vancomycin levels and how long would
you keep Mr Quinnel on this treatment?
Vancomycin is renally cleared, so following a bolus IP,
levels are likely to be adequate for 2–3 days. Measure
levels on day 2 following administration. Treatment
should be continued for at least 2 weeks.
If uncomplicated, PD peritonitis can be managed as an
outpatient, with frequent review and assessment of clinical status. Provided the patient is not systemically unwell
(hypotension, tachycardia, severe peritonism), blood and
ﬂuid can be taken for culture, antibiotics given and
arrangements made to review within a couple of days.
In most cases of peritonitis the symptoms begin to
resolve rapidly after the initiation of treatment and disappear within 2–3 days. During this period the cell counts
in the efﬂuent decrease and bacterial cultures become
negative. Persistence of symptoms is indicative of a complicated cause or a possible resistant organism. These
patients require further investigation and often catheter
removal.
Overall, the outcome of PD peritonitis is quite good.
Complete cure is achieved in around 85% of cases
without recourse to catheter removal. Catheter removal
is required in up to 15% of cases. The condition can be
serious, though, and mortality rates are reported to be
around 1–3%.
Prevention of peritonitis is of critical importance.
Careful selection of patients and meticulous training is
paramount. The incidence of Staph. aureus infections
may be reduced by applying mupirocin at the exit site
and eradication of nasal carriage.

×
×

What complication has occurred?
Encapsulating peritoneal sclerosis (EPS). This is a wellrecognised complication of long-term PD which is estimated to occur in 1–5% of patients on PD. Macroscopic
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Table 28.1 Causative organisms in PD peritonitis
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Figure 28.2 CT abdomen showing
early peritoneal sclerosis. Peritoneal
calciﬁcation (

) present throughout
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the abdomen.

Figure 28.3 Tanned, thickened peritoneum encasing loops of
bowel in a patient with EPS.

changes in the peritoneum can be seen after relatively
short periods of PD, particularly ‘tanning’ of the peritoneum. Patients who remain on PD for a number of years
can develop more extensive peritoneal thickening (Figure
28.3). Clinical features include abdominal pain and
swelling secondary to bowel obstruction, blood-stained
efﬂuent and UF failure. Radiological features include
peritoneal thickening and calciﬁcation (Figure 28.4a),
with the development of the so-called ‘abdominal
cocoon’ which may contain ﬂuid collections (Figure
28.4b). Histopathological derangements include loss of
mesothelium, gross interstitial thickening within the

peritoneal membrane, with a variable inﬂammatory inﬁltrate. Risk factors include multiple episodes of peritonitis
and time on dialysis. The main treatment is to stop PD
and switch to HD, although this does not always halt
progression and certainly does not reverse changes.
Other treatment strategies include immunosuppression,
tamoxifen and surgery. The latter involves a long, painstaking operation in which the surgeon carefully unpicks
the thickened peritoneum from around the bowel.
Patients are often malnourished due to recurrent subacute obstruction, and frequently require nutritional
support.
Even with treatment, the prognosis of EPS is poor,
with mortality reaching 90% in some series. Given
the grim outlook, it has been suggested that patients
who remain on PD for more than 5 years should be
routinely screened by CT scanning in order to identify
changes consistent with EPS. PD should then be discontinued in these patients before the development of
severe symptoms.

(b)

(a)

Figure 28.4 Radiological appearances in advanced EPS. (a) Non-contrast CT scan of a patient who had been on PD for 19 years. There is
extensive calciﬁcation (bright white signal) surrounding all loops of bowel. (b) Non-contrast CT scan demonstrating a large ﬂuid collection
anteriorly (dark grey) within layers of thickened peritoneum, which compresses the bowel loops. This patient had ESRF secondary to
polycystic kidney disease and had been on PD for 6 years prior to presentation.

CASE REVIEW
A 50-year-old man on PD presents with fever, abdominal
pain and cloudy PD ﬂuid post drainage. On examination,
he is febrile and his abdomen is peritonitic. Investigations
show elevated inﬂammatory markers and white cell count
in blood and neutrophils and gram-positive cocci in the
PD ﬂuid from which Strepotococcus epidermidis is cultured.

He is treated with vancomycin and recovers well. Four
years later he develops encapsulating peritoneal sclerosis.
This is managed by switching him to haemodialysis.
Although some of his abdominal symptoms improve, he
re-presents with obstruction and dies following a
peritonectomy.

KEY POINT S
• Peritonitis remains one of the most common and serious
complications of PD. The earliest clinical sign of infection
is turbidity of the drained efﬂuent post dwell. Other
features include abdominal pain, change in bowel habit
and nausea and vomiting. The generally accepted
deﬁnition of peritonitis in CAPD entails any two of the

three features: signs or symptoms, cloudy dialysate with
more than 100 cells/mm3, and the presence of microorganisms in the dialysate.
• Cloudy efﬂuent is not necessarily diagnostic of infective
peritonitis. It can be due to blood, ﬁbrin, intra-abdominal
pathology, diarrhoea and eosinophilic peritonitis. The
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latter is a syndrome including cloudy efﬂuent in an
asymptomatic patient with persistently negative cultures.
It occurs in the early stages of CAPD and tends to resolve
spontaneously within weeks. It is thought to occur
secondary to an ‘allergy’ to some component of the ﬂuid
or administration kit.
• The main route of infection of the peritoneal cavity
(30–40%) is through the lumen of the catheter, followed
by periluminal factors (i.e. from around the outside of the
catheter and the exit site; 20–30%). The risk of infection
via these routes is increased in patients who are chronic
nasal or skin carriers of
. Other less
common routes of infection are transcolonic (20–25%)
and haematogenous (5%).
• Coagulase-negative staphylococci are the major causative
organisms in CAPD peritonitis. They tend to adhere to
and grow on polymer surfaces, producing an extracellular,

slimy matrix or bioﬁlm which becomes embedded with
organisms.
• Fungal peritonitis is much rarer. Patients are usually
acutely ill with severe abdominal pain and may deteriorate
rapidly or die if catheter removal is delayed.
• Overall, the outcome of PD peritonitis is quite good.
Complete cure is achieved in around 85% of cases
without recourse to catheter removal.
• Encapsulating peritoneal sclerosis is a well-recognised
complication of long-term peritoneal dialysis which is
estimated to occur in 1–5% of patients on PD. It is
characterised by peritoneal tanning and thickening.
Clinical features include abdominal pain and swelling
secondary to bowel obstruction, blood-stained efﬂuent,
UF failure, and abdominal masses due to distinct ﬂuid
collections. It can be treated surgically by peritoneolysis
but has a poor prognosis.

Case 29 A 49-year-old man with chronic
kidney disease

Box 29.1 Criteria for brainstem death
Irreversibility
• No sedating, paralyzing or toxic drug
• No gross electrolyte or endocrine disturbance
• No profound hypothermia

It is likely that Mr Bennet’s renal function will continue
to decline and that he will require RRT within the next 6
months. There are three forms of RRT available for
patients with ESRF:
• haemodialysis
• peritoneal dialysis
• renal transplantation.

What are the types of donor from
which a transplant kidney might be
obtained for Mr Bennet?
• Deceased donor
䊊 Heart beating: donors meet criteria for brainstem
death (Box 29.1). They are often in neuro-ITU, typically post-road trafﬁc accident or intracerebral
haemorrhage.
䊊 Non-heart beating (also known as deceased cardiac
death or asystolic donors)

Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.
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What do you tell him?

Absent cerebral function
• No seizures or posturing
• No response to pain in cranial nerve distribution
• Absent brainstem function
• Apnoea in response to acidosis and hypercarbia
• No papillary or corneal reﬂex
• No oculocephalic or vestibular reﬂex
• No tracheobronchial reﬂex

• Living donor
䊊 Related: most commonly parent to child or sibling
to sibling
䊊 Unrelated: usually spouse to spouse, most commonly wife to husband. Occasionally close friends will
donate kidneys
䊊 Altruistic: recently introduced in the UK (2007).
Members of the general public may decide that they
wish to give a kidney to someone on the waiting list.
The same work-up applies as with any other living
donor, with particular emphasis on lack of psychiatric
condition and on ensuring the individual is fully aware
of the implications of their action
Currently the main issue in transplantation is a shortage
of organ donors. There are over 7000 patients on the
renal transplant list awaiting a kidney in the UK. The
average waiting time for a patient on the deceased donor
list is around 3 years, but it may be much longer. The
number of heart-beating donors in the UK has remained
relatively constant at 750–800 per annum. In an attempt
to increase the supply of organs, many more living and
non-heart beating donors are being identiﬁed.
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• severe peripheral vascular disease which can make the
1 An artery, to which the
transplant artery can be
connected (usually the
external iliac artery)
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4 Space for the kidney

2 A vein, to which the
transplant renal vein can
be connected (usually the
external iliac vein)

3 A bladder, to which
the transplant ureter is
connected

Figure 29.1 Technical requirements for transplantation.

What are the processes involved in
transplant work-up?
Basic transplant work-up includes the following.
1. Assess for problems which make the patient immunologically difﬁcult to transplant, particularly any sensitising
events (blood transfusion and pregnancy, especially if
multiple partners).
2. Assess for problems which make the patient
technically difﬁcult to transplant. There are four basic
technical (‘plumbing’) requirements for transplantation
(Figure 29.1).
䊊 An artery (usually the external iliac artery), to which
the transplant renal artery will be anastomosed.
䊊 A vein (usually the external iliac vein), to which the
transplant renal vein will be anastomosed.
䊊 A bladder, to which the transplant ureter will be
anastomosed.
䊊 Some space for the kidney.
These requirements can be compromised if the
patient has:

arterial anastomosis difﬁcult. Therefore the patient’s
lower limb pulses should be carefully assessed, including
auscultation of the femoral artery for a bruit
• a history of venous thromboembolic disease, particularly clots in the lower limb veins. Patients on chronic
haemodialysis may also have had numerous lines inserted
into their femoral veins which can lead to stenosis and
thrombosis
• a history of urological problems, including congenital
bladder malformations or reﬂux. If these issues are not
resolved prior to transplantation, then the problem may
recur and damage the transplanted kidney. In addition,
patients who have had ESRF for a number of years often
have negligible urine output. In such cases, the bladder
may shrink to the size of a walnut and will be difﬁcult to
ﬁnd intraoperatively and will only hold small volumes
post transplant. Intraoperatively, the patient is catheterised and methylene blue dye is added to normal saline
and infused into the bladder to assist the surgeon in
identifying it.
• Space is rarely a problem, because the kidneys are
usually placed extraperitoneally in one or other iliac
fossa. The exception is in patients with polycystic kidney
disease, in which the native kidneys can becomes so
enlarged that they extend into the lower abdomen. In
some cases they need to be removed prior to
transplantation.
3. Assess for problems which make the patient an anaesthetic risk. Patients with CKD are at increased risk of
atherosclerosis and of coronary, cerebral and peripheral
vascular disease. An ECG and CXR should be performed
in all patients. Most will also need some form of stress
test (either an exercise tolerance test or an isotope perfusion study) and an echocardiogram to assess LV function. If these are abnormal, then the patient will need to
be referred for further cardiological assessment, often
coronary angiography.
4. Assess for problems which put the patient at increased
risk of immunosuppression-related side-effects. If a patient
has ESRF secondary to renal inﬂammation then they may
have had a signiﬁcant net dose of immunosuppression
(e.g. cyclophosphamide or even biological agents). Such
patients may not require as heavy immunosuppression.
In particular, lymphocyte-depleting agents should be
avoided. Immunosuppression also increases the risk of
developing a malignancy and enhances the progression
of existing cancers. Thus, most centres would agree that
patients with a history of malignancy must be cancer free
for at least 5 years prior to transplantation.

Case 29 195

the surgeons undertaking the nephrectomy to decide
which kidney is technically most amenable to removal;
for example, a kidney with three renal arteries is technically more challenging to remove than a kidney with a
single renal artery.
Compatibility

What are the main factors to consider
in working up a living donor?
Fitness of donor
Donating a kidney involves a signiﬁcant operation,
lasting around 3–4 hours, and a general anaesthetic. If
the donor has any pre-existing medical condition which
would place them at high risk of complications during an
anaesthetic, e.g. previous MI, poor LV function, then
they would not be considered for donation. In many
centres, donor nephrectomy is now undertaken laparoscopically. Although a technically more challenging procedure, the donor tends to recover much more quickly
and may be discharged within 3–4 days of the procedure.
As well as physical considerations, the transplant physicians and surgeons must also be sure that the donor is
mentally and emotionally sound and understands the
implications of the procedure. They must also be certain
that there is no coercion involved in donation.

HLA
Adequacy of donor renal function
The donation will involve the donor losing one kidney.
Therefore it is important to ensure that the donor has
adequate renal function to allow for this. Pre-existing
medical conditions such as diabetes mellitus or hypertension which can lead to chronic kidney disease are a relative contraindication to donation. Initially, a US scan of
the renal tract is performed to ensure that the donor has
two kidneys. The urine is dipsticked to rule out microscopic haematuria or proteinuria which may indicate
underlying renal disease. Renal function is measured by
serum creatinine, creatinine clearance and calculated
GFR, together with the split function. If the renal function is sufﬁcient to allow halving of the GFR and some
decline in renal function with age, then the donor is
considered suitable. They will then undergo an MRI scan
to accurately delineate the renal anatomy, and to deﬁne
the number of vessels supplying each kidney. This assists

The human leucocyte antigens (HLA) are highly polymorphic glycoproteins found on the surface of cells. They
are divided into class I and class II molecules. Class I
molecules are found on the surface of all cells, and class
II on the surface of antigen-presenting cells. They are
encoded by a cluster of genes found on chromosome 6
called the major histocompatibility complex genes
(Figure 29.3). In humans there are three MHC class I
genes (A, B and C) and three MHC class II genes (DP,
DQ and DR). Given that an individual has two copies of
each gene, the maximum number of mismatches that can
occur between two individuals is 12, i.e. two A mismatches, two B mismatches, etc. However, in renal transplantation only A, B and DR mismatches are considered,
so the maximum number of mismatches possible is six.
Such a mismatch would be described as a 2-2-2 mismatch
(2 A, 2 B and 2 DR mismatches). The best mismatch
would be a 0-0-0 mismatch. The more mismatches that

PA R T 2 : C A S E S

ABO
AB antigens are found on the surface of red cells and
endothelial cells. Individuals who are blood group A have
A antigens on their blood cells and circulating anti-B
antibodies present in their serum. Blood group B individuals have B antigen on red cells and anti-A antibodies.
Blood group O individuals have neither A nor B antigens
on their RBC and therefore have both anti-A and -B
antibodies. Blood group AB individuals have both A and
B antigens on the surface of RBC and neither anti-A nor
anti-B antibodies. Thus, if a blood group A individual
were to donate a kidney to a blood group B individual,
the circulating anti-A antibody in the recipient would
immediately bind to the endothelium, activating complement and phagocytes, damaging the endothelium and
causing occlusion of the vessels and immediate infarction
of the kidney (Figure 29.2). For this reason blood groupincompatible transplantation is not routinely undertaken. More recently, with a shortage of donors, the issue
of ABO-incompatible transplantation has been revisited.
The recipient can undergo a desensitisation treatment in
which antibodies are removed by plasma exchange and
the patient receives much heavier immunosuppression.
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Blood
group

A

B

A

B

Donor

Recipient

AB

O

RBC/
endotheliu

Seru
antibodies
(a)

A
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1 Anti-A antibodies
in seru of group B
recipient bind to A
antigen on endotheliu
of graft

A

C2 C3
MAC
C4 C5

C2 C3
MAC
C4 C5
A

2 Phagocytes recruited
by deposited antibody
via surface Fc receptors

A

A

A

Endothelial cell
(b)

(c)

3 Co ple ent activated
by deposited antibody via
classical pathway

4 Activated phagocytes
and co ple ent lead to
endothelial cell da age

5 Platelets bind to and activated by
da aged endotheliu . The lu en
of the vessel beco es occluded by
thro bus for ation and there is
infarction of the graft

Figure 29.2 (a) Blood group antigens and antibodies. Blood group A individuals have A antigens on the surface of their red blood cells and
endothelial cells, and circulating anti-B antibodies (and vice versa for blood group B individuals). AB individuals have both A and B antigens
and no AB antibodies. Blood group O individuals have neither A nor B antigens, but circulating antibodies to both antigens. (b) Hyperacute
rejection. If a blood group A donor gives a kidney to a blood group B recipient, the pre-formed anti-A antibodies will bind to the
endothelium in the graft causing hyperacute rejection.

Class I

Class II
Chro oso e 6

A

B

C

MHC I

DR

DQ

DP

Figure 29.3 The human leucocyte

MHC II
APC

antigens (HLA) are encoded by MHC
MHC II

genes on chromosome 6. Class I HLA are
APC

found on the surface of all cells, whilst
expression of class II HLA is limited to

All cells

Antigen presenting cells

antigen presenting cells.
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are present, the more likely it is that the allograft will be
recognised as foreign and rejected. This is reﬂected in
allograft survival data which suggest that ≈80% of those
patients receiving a 0-0-0 mismatched kidney will still
have a functioning allograft at 5 years compared with
≈55% of those receiving a 2-2-2 mismatched kidney
(Figure 29.4). DR mismatches are more signiﬁcant than

A or B mismatches, so every effort is made to avoid DR
mismatches.

How long would you expect Mr and
Mrs Bennet to be in hospital for?

50
0
2
6
0

1

is atches
is atches
is atches
2
3
4
Ti e post-transplant (years)

5

Figure 29.4 Renal allograft survival with different HLA
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(b) Transplant
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MMF
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Siroli us
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(a) Transplant

Induction

Patients undergoing laproscopic nephrectomy recover
very quickly post-operatively. They are often back on
their feet the day after the operation and can be discharged as early as day 3 post-operatively. A rise in creatinine is to be expected as their GFR will have been
roughly halved.
Renal transplantation involves a 3–4 hour operation
and on average, patients stay in hospital for 7–10 days.

2

3

4

5

(c) Transplant

6

7

8

9 10 11 12+

MMF
Tacroli us

αCD52
IVMP
Month 1

2

(d) Transplant

Figure 29.5 Immunosuppressive regimens in renal transplantation. A variety of different regimens can be used, but in general they involve
the use of intravenous induction agents (methyl prednisolone and mono- or polyclonal antibodies) followed by oral maintenance therapy.
(a) regimen 1 – methyl prednisolone and anti-CD25 followed by triple therapy with azathioprine, prednisolone and ciclosporin. (b) Regimen
2 – induction as for 1, but MMF is used instead of azathioprine and tacrolimus instead of ciclosporin. At 3 months the tacrolimus is stopped
and replaced by sirolimus, thus minimizing CNI toxicity. (c) Regimen 3 – Induction as for 1, ciclosporin weaned with high dose MMF cover
in order to reduce CNI exposure. (d) Regimen 4 – Lymphocyte depleting agent used at induction (anti-CD52, alemtuzumab) allowing a
steroid-free maintenance regimen.
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Belatacept
4
Co-sti ulatory
blockade

Siroli us (rapa ycin)
IL-2
IL-2

Mycophenolate
ofetil
Azathioprine

3
Anti-proliferative
agents (prevent
DNA synthesis)

Induction agents:

Maintenance agents:

1 Anti-CD25 antibodies - block
IL-2 binding to its receptor
(basilixi ab/daclizu ab)

1 Calcineurin inhibitors - act downstrea of
T cell receptor, reduce activation of nuclear
factor of activated T cells (NFAT), a
transcription factor which pro otes IL-2
production (ciclosporin/tacroli us)

2 Anti-CD52 antibody - binds to
T and B ly phocytes, leading to
depletion (ale tuzu ab)
3 Anti-thy ocyte globulin/antily phocyte globulin - bind to T
ly phocytes, leading to
depletion

2 Anti-proliferative agents - inhibit DNA
synthesis, thus reduce ly phocyte
proliferation (azathioprine/MMF)
3 Signalling blockade - acts downstrea of
IL-2R by inhibiting MTORC1. This inhibits
protein synthesis and proliferation (siroli us
(rapa ycin))

Figure 29.6 Mechanism of action of
immunosuppressive agents. Agents
either (1) Deplete lymphocytes
(particularly T cells). (2, 3) Prevent T cell
proliferation by blocking the production
or action of IL-2 (the main cytokine
driving T cell proliferation) or by
preventing the synthesis of new DNA.
(4) Inhibit T cell activation by antigen
presenting cells.

Those who have been on dialysis for prolonged periods
and have signiﬁcant co-morbidities may develop complications which keep them in for longer.

Post-operatively, what
immunosuppressants should
Mr Bennet receive?
Immediately following transplantation, the patient is
at high risk of developing acute rejection; hence this
high-risk period is covered with relatively intense

Table 29.1 Side-effects of
immunosuppressant agents used in
transplantation

SRL

CyA

Tac

MMF

Aza

Pred

Nephrotoxicity

−

++

++

−

−

−

Hypertension

−

+

+

−

−

+

Dyslipidaemia

+++

++

+

−

−

+

Diabetogenic

−

+

+++

−

−

++

Hyperuricaemia

−

+

+

−

−

−

Neurotoxicity

−

++

+

−

−

+

Anaemia

+

−

−

+

+

−

Leucopaenia

+

−

−

+

+

−

Thrombocytopaenia

+

−

−

+

+

−

Skin and gums

+

++

−

−

−

+

Osteoporosis

−

+

+

−

−

++

GI upset

+

−

−

+++

−

−

SRL, Sirolimus; CyA, ciclosporin A; Tac, tacrolimus; MMF, mycophenolate mofetil; Aza,
azathioprine; Pred, prednisolone.

induction immunosuppression. This usually includes
intravenous corticosteroids in combination with a biological agent (polyclonal or monoclonal antibodies).
Some centres (particularly in North America) use a
lymphocyte-depleting antibody such as anti-thymocyte
globulin (ATG) or anti-lymphocyte globulin (ALG) or
the monoclonal antibody alemtuzumab (CAMPATH1H). In the UK, many centres use anti-CD25 monoclonal
antibodies (daclizumab or basiliximab).
Following induction therapy the patient requires maintenance immunosupression (Figure 29.5). In contrast to
induction agents, these are administered orally, and typically consist of triple therapy (a combination of prednisolone, a calcineurin inhibitor such as ciclosporin or
tacrolimus, and an anti-proliferative agent such as azathioprine or mycophenolate mofetil). The mechanisms of
action of these drugs are summarised in Figure 29.6.

The patient asks whether there are any
side-effects of the immunosuppressant
tablets he is taking
Immunosuppressants must be sufﬁciently potent
to inhibit the recipient’s immune response to the
allograft. Inevitably, this is associated with inhibition
of the immune system’s intended function – defence
against infection and tumour surveillance. Immunosuppressant side-effects can be divided into generic, i.e.
associated with any drug which inhibits the immune
system, and speciﬁc, those associated with a particular
immunosuppressant.
• Generic
䊊 Infection:
particularly CMV, PCP, candida, BK
nephropathy
䊊 Malignancy – post-transplant lymphoproliferative
disorder (PTLD), skin malignancies (SCC>BCC), solid
organ tumours
• Speciﬁc
䊊 Corticosteroids: glucose intolerance/diabetes mellitus, hypertension, weight gain, thinning of skin, poor
wound healing, osteoporosis, gastric ulceration
䊊 Calcineurin
inhibitors (ciclosporin/tacrolimus):
nephrotoxic
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Ciclosporin: gingival hypertrophy, hirsuitism,
coarsening of facial features, hypertension, gout
䊊 Tacrolimus: diabetes mellitus
䊊 Azathioprine: cytopaenias
䊊 MMF: GI upset, particularly diarrhoea
䊊

Sirolimus: poor wound healing, rashes, mouth
ulcers
Immunosuppressant side-effects are summarised in
Table 29.1.
䊊

C ASE REVIEW
This man presented to his GP with minimal symptoms
but investigations showed near end-stage chronic kidney
disease. This scenario is not unusual as unfortunately,
patients with CKD can remain relatively asymptomatic
and present with poor renal function and two small

kidneys, the cause of which remains unclear. The patient
was assessed for transplantation and received a
living donor kidney transplant from his wife. He is
discharged on a combination of immunosuppressants
and prophylactic antimicrobials.
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K EY P OINTS
• In a patient with ESRF, there are a number of treatment
options including conservative management,
haemodialysis, peritoneal dialysis and renal
transplantation.
• For younger patients or those with few co-morbidities,
renal transplantation is the treatment of choice and offers
signiﬁcant beneﬁts over dialysis in terms of survival and
quality of life.
• Currently, the main barrier to transplantation is lack of
organs and this issue has been addressed in a number of
ways, including the use of non-heart beating donors or
more marginal donors (i.e. older donors with known
co-morbidities such as hypertension), and the use of living
donors.
• In the case of living donor kidney transplantation, ABO
incompatibility or the presence of donor-speciﬁc HLA

antibodies were previously contraindications to living
donation, but a number of centres now offer
desensitisation programmes in which antibodies are
removed by plasma exchange prior to transplantation.
• All patients must receive immunosuppression post
transplantation to prevent rejection; this can be divided
into induction and maintenance phases.
• Induction therapy is given at the time of transplantation
and includes IV corticosteroids and a therapeutic antibody
(either an anti-CD25 or a lymphocyte-depleting antibody).
• Maintenance involves triple or dual therapy with a
combination of oral corticosteroids, a calcineurin inhibitor
(ciclosporin or tacrolimus) and an anti-proliferative agent
(azathioprine or mycophenolate mofetil).

How would you manage this man?
Oliguria immediately post transplant can be due to:
• Pre-renal causes:
䊊 renal artery thrombosis
䊊 renal
vein thrombosis (leading to reduced
perfusion)
䊊 hypotension
secondary to hypovolaemia or
acidosis
• Renal causes:
䊊 acute tubular necrosis (ATN)
䊊 hyperacute
rejection
(antibody-incompatible
transplants)
• Post-renal causes:
䊊 ureteric obstruction (uncommon if ureteric stent
used)
䊊 catheter obstruction
Appropriate measures include the following.
• Careful history and examination – Airway, Breathing,
Circulation: tachycardia/hypotension may indicate
hypovolaemia, haemorrhage or graft infarction. Excess

pain/swelling of graft? Renal artery and vein thrombosis
lead to rapid infarction of the graft. If the graft is infarcted,
patients can become very acidotic and unwell as tissue
necrosis occurs. Transplants are very occasionally salvageable if thrombosis is immediately identiﬁed and
patients are returned to theatre for thrombectomy. Both
arterial and venous thrombosis are uncommon and
usually lead to graft loss.
• Fluid resuscitation: Mr Parker should be given intravenous ﬂuids until he is intravascularly volume replete.
Most patients will have a central line inserted by the
anaesthetist in theatre, so measurement of CVP should
be possible to guide ﬂuid replacement. Aim for a CVP of
8–10 cm H2O. CVP is measured by connecting the
patient’s central venous catheter to an infusion set which
is connected to a small-diameter water column. The CVP
is usually measured from the midaxillary line. Normal
measurement is between 5 and 10 cm H2O.
• Urgent US scan to exclude obstruction/thrombosis.
The US should also be able to identify signiﬁcant
haematomas.
It is important to note that transplant oliguria may not
be obvious in renal transplant recipients who have a signiﬁcant residual native urine output. In such cases, the
patient may return from theatre passing good volumes
of urine, all of which originate from their own kidneys.
It is therefore important to ascertain the patient’s pretransplant urine output.

Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.
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Case 30 A 38-year-old man with a rise in
creatinine 2 weeks post renal
transplant
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Box 30.1 Warm and cold ischaemia time

Loss of nuclei and
vacuolationof tubular
epitheliu

Flattened tubular
epitheliu

• Warm ischaemic time: period between circulatory arrest
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and commencement of cold storage. For obvious
reasons, this is longer in non-heart beating donors than
in heart beating donors
• Cold ischaemic time: refers to the period of cold storage
when the kidney is taken out of the donor, ﬂushed with
a preservation ﬂuid (e.g. University of Wisconsin solution
or Collins solution) and then placed on ice in a sterile
container for transport. Alternatively kidneys may be
placed on a machine and perfused with cold
preservation solution until anastomosed to the recipient.
If the cold ischaemic time (CIT) exceeds 20 hours, then
graft outcome is worse than those with a CIT of <20
hours. Most transplant centres would not use a kidney
with a CIT of >30 hours.

Box 30.2 Risk factors for delayed graft function
• Donor factors
Higher donor age
Hypertension
䊊 Acute renal impairment
䊊 Treatment with nephrotoxins
䊊 Prolonged donor hypotension
䊊 Marked catecholamine storm during brainstem coning
• Allograft factors
䊊 Prolonged warm ischaemic time
䊊 Prolonged cold ischaemic time
䊊 Prolonged anastomosis time
• Recipient factors
䊊
䊊

What is the most likely cause of his
oliguria?
He is euvolaemic and has no obvious technical issues
(arterial/venous thrombosis or obstruction) on US scan.
Therefore, the most likely diagnosis is delayed graft function (DGF) secondary to ATN. He may need further
haemodialysis post transplant whilst his allograft recovers. DGF is relatively common and occurs in around
30–50% of heart-beating donor kidneys and 50–70% of
non-heart beating donor kidneys but is rare in living
donor kidneys. Risk factors for DGF are prolonged warm
or cold ischaemia times (Box 30.1), increasing donor age
and co-morbidity. A full list of risk factors for DGF is
shown in Box 30.2. Note, not all DGF is due to ATN and
all other causes (as listed above) should be excluded ﬁrst.
Acute tubular necrosis in transplant kidneys, as in
native kidneys, is characterised by the presence of tatty-

Figure 30.1 Renal transplant biopsy showing ATN.

looking tubular cells, many of which lack nuclei and
begin to slough off into the tubular lumen (Figure 30.1).
The recovery of ATN in transplant kidneys (as in native
kidneys) is variable and may take days to weeks, or very
occasionally a number of months. Diagnosis is conﬁrmed
by biopsy. The recovery of ATN is slowed by the presence
of nephrotoxins, principally calcineurin inhibitors (CNI)
in the case of transplant kidneys (e.g. ciclosporin or
tacrolimus). Therefore, patients are often run on halfdoses of CNI whilst they have ATN.

What investigation does
Mr Parker need next?
If there is no signiﬁcant improvement in Mr Parker’s
transplant function over the next 24–48 hours then he
should undergo a US-guided renal transplant biopsy.
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What is the most likely cause of his rise
in creatinine?
The differential diagnosis is:
• Calcineurin inhibitor toxicity: high tacrolimus levels
are nephrotoxic and can cause a decline in renal function.
Typical changes are identiﬁable on biopsy.
• Immunological issues: in the ﬁrst 3 weeks post transplant the patient is at high risk of acute rejection, particularly acute cellular rejection.
• Technical issues (‘plumbing trouble’):
䊊 renal artery and renal vein thrombosis tend to
present much earlier than this and result in complete
loss of transplant function (as described above), so this
is unlikely in this case
䊊 obstruction secondary to ureteric stenosis is unusual
at this stage given that ureteric stents are placed in
many transplant centres and remain in situ until 4–8
weeks post-operatively, thus preventing ureteric
obstruction.
• Recurrent disease: reports on the frequency of recurrent IgA nephropathy in transplantation vary, but it is
thought to be around 30%.
Biopsy needle
Sterile drapes

Swabs

Sterile
probe
cover

10

L syringe (for lidocaine)

Antiseptic fluid for
cleaning the skin

Sterile
dressing

Blade (required to ake s all incision

Figure 30.2 (a) Equipment needed for a
renal biopsy.

in skin for insertion of biopsy needle)

(a)

Needles (for application of lidocaine to skin
and subcutaneous tissues. Spinal needle
required for native renal biopsy in order to
reach the kidney capsule)
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This is technically easier than a native renal biopsy
because the transplant lies much closer to the surface,
and is performed with the patient in the supine position
(Figure 30.2). A renal transplant biopsy is usually performed if there is DGF for greater than 6 days and is
required to conﬁrm ATN as the cause of persistent DGF
and to exclude acute rejection. ATN is a risk factor for
the development of acute cellular rejection, so biopsies
may show both pathologies.
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2c

(ii)

(iii)

(iv)
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(i)

Figure 30.2 (b) Performing a renal
transplant biopsy. (i) The patient is placed
(vi)

supine and the renal transplant localised
by ultrasound (in the right iliac fossa in
this case). (ii) The operator visualises the
kidney in two planes and marks the skin
at a point directly above the upper pole
of the kidney (

). They are also able

to determine the distance between the
skin and the kidney capsule (2 cm in this
case.) (iii–iv) Lidocaine is placed into the
skin and subcutaneous tissues to
anaesthetise the area. (v) Biopsy needle
in inserted onto the capsule of the
(v)

kidney under US guidance. (vi) A good
(vii)

(b)

• BK nephropathy: BK virus is a member of the Poly-

omaviridae family (other members of this family include
JC virus, which causes progressive multifocal leucoencephalopathy, and simian virus (SV) 40). It is a double-

core of renal tissue is obtained. (vii) A
dressing is placed over the biopsy site.

stranded DNA virus and infection is almost universal in
adults. Following transplantation, the virus can reactivate
in urothelium, causing a ﬂorid interstitial nephritis.
Urine shows decoy cells and the renal biopsy can be
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(a)

(b)

Figure 30.3 Renal transplant biopsy showing acute cellular rejection with tubulitis. (a) Tubular walls are inﬁltrated with mononuclear cells.
These have much darker nuclei (

) than tubular cells (

). More than four mononuclear cells per tubule is considered

stained with an antibody to the SV40 antigen, which
picks up one of the viral antigens common to this family
of viruses. BK can be detected in the blood by PCR in
some cases. The treatment is to reduce immunosuppression. Other treatments suggested include ciproﬂoxacin,
cidofovir and leﬂunamide, although there is no good trial
evidence for any of them.
At 2 weeks post transplant, in a patient with a ureteric
stent in situ, rejection and CNI toxicity are the main
concerns. BK nephropathy can occur this early, but it
would be less likely.

What investigations would you
perform?
• Repeat U+E to verify the rise in creatinine
• Urine dipstick: if nitrites and leucocyte positive, then

suggestive of a UTI.
• MSU: if any suggestion of UTI.
• Ultrasound transplant kidney to exclude obstruction

and conﬁrm normal perfusion.
• Tacrolimus levels.

If all the above are normal, then this patient needs an
urgent transplant renal biopsy to exclude rejection.

What does this show?
This shows acute cellular rejection with normal glomeruli, a lymphocytic interstitial inﬁltrate and tubulitis.
Acute cellular rejection is graded according to the Banff
criteria, grade Ia being the least severe and grade III the
most severe.
Following transplantation, organ rejection is still a signiﬁcant concern. There are four types of rejection recognised, summarised in Table 30.1.

How would you treat him?
The treatment for acute cellular rejection (as in this
case) is intravenous methyl prednisolone. Most centres
would give 3 × 1 g boluses on consecutive days; 80–90%
of episodes of acute cellular rejection will respond
to corticosteroids. If the patient’s creatinine does not fall
in response to corticosteroids then further treatment
with a lymphocyte-depleting agent such as ATG is
undertaken.
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signiﬁcant. (b) Marked mononuclear cell inﬁltrate present within the interstitium.

206

Part 2: Cases

PA R T 2 : C A S E S

Table 30.1 Types of transplant rejection
Hyperacute

Acute cellular

Acute humoral
(antibody-mediated)

‘Chronic’*

Timing

Immediate

Weeks 1–12

Weeks 1–12

Month 1 onwards

Immune mediators

Preformed antibody,
complement

T cells

Antibody

Immune + non-immune
mechanisms

Standard
treatment

None (graft nephrectomy)

IV methyl
prednisolone, ATG
(if unresponsive to
steroids)

Plasma exchange,
increase in
maintenance
immunosuppression

Control BP, minimise
exposure to CNIs

Other treatments

—

Alemtuzumab (if
steroid resistant)

IV immunoglobulin,
rituximab (anti-CD20),
ATG, eculizumab
(anti-C5)

Rituximab (for chronic
AMR)

*Chronic rejection no longer exists as an entity. The latest Banff classiﬁcation (2007) distinguishes chronic antibody-mediated
rejection and ‘tubular atrophy and interstitial ﬁbrosis’.

IL-4

TCR

T cell

A

IL-4

IL-4

MHC II
MHC II

C2 C3
MAC
C4 C5

B cell

Figure 30.4 (a) Acute antibody-mediated
Alloantibody

Phagocyte

Endothelial cell

rejection. Upper panel: alloreactive B and
T cells interact. CD4 T cells provide help
to B cells (e.g. through production of
IL-4, the principle cytokine required to
drive B cell activation). These B cells
produce alloantibody which binds to

C4d

C4d

antigens on the surface of graft
endothelial cells. Deposited antibody
activates complement and phagocytes.
Lower panel: complement and
phagocytes mediate endothelial cell
damage, which in turn promotes platelet

C4d

activation and thrombus formation
within the graft. Complement activation
is evidenced by the presence of C4d on
Platelets

(a)

endothelial cells (particularly those of
peritubular capillaries).
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6 Renal biopsy
a. FSGS
b. Amyloid
c. Acute tubular necrosis
d. Lupus nephritis
e. Membranous GN
f. Goodpasture’s disease
g. IgA nephropathy
h. Haemolytic-uraemic syndrome
i. ANCA-associated vasculitis
j. Chronic pyelonephritis

For the renal biopsy images shown below, select one or
more diagnoses from the list given above.
1.
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4.

2.
5.

EMQs

3.
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IgA staining of biopsy
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4.

5.

Low power view

High power view

Electron

icroscopy
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7 Biochemical investigations
a. Renal tubular acidosis
b. Addison’s disease
c. Hyperparathyroidism
d. Cushing’s disease
e. Conn’s syndrome
f. Sarcoidosis
g. SIADH
h. Liquorice consumption
i. Myeloma

f. A 45-year-old woman with symptomatic hypocalcaemia
and U waves on ECG.
g. A 32-year-old man with acute renal failure (Na 136, K
5.6, U 36, creatinine 396) secondary to Goodpasture’s
disease.
h. A 56-year-old woman with probable essential
hypertension (BP 155/90 on three occasions).
i. A 17-year-old girl with nephrotic syndrome (Alb 22,
8.6 g protein on 24-h urine collection, oedema to
mid-thighs) secondary to minimal change GN.
j. A 36-year-old man with BP 150/95 mmHg, creatinine

Match the following biochemical test results with one or
more the diagnoses listed above.

135 μmol/L (stable for the last 6 months) and
microscopic haematuria with IgA nephropathy on
biopsy.

PA R T 3 : S E L F - A S S E S S M E N T

Normal ranges
Na 135–145 mmol/L, K 3.5–5.3 mmol/L, Urea 2.5–
6.7 mmol/L, Creatinine 50–120 μmol/L
Glucose 3.5–5.5 mmol/L
Ca 2.12–2.65 mmol/L, PO4 0.8–1.45 mmol/L
Alkaline phosphatase (ALP) 30–300 iu/L
Biochemical test results
1. Na 129 mmol/L, K 6.3 mmol/L, U 5.0 mmol/L,
creatinine 78 μmol/L, glucose 3.0 mmol/L
2. Na 145 mmol/L, K 2.9 mmol/L, U 4.8 mmol/L,
creatinine 100 μmol/L
3. Na 121 mmol/L, K 3.9 mmol/L, U 2.7 mmol/L,
creatinine 65 μmol/L
4. Ca 2.95 mmol/L, PO4 2.42 mmol/L, ALP 200 iu/L
5. Ca 3.04 mmol/L, PO4 0.51 mmol/L, ALP 459 iu/L

8 Patient management
a. A 25-year-old man with K+ 6.7 and tall tented T

Match each of the following management plans with the
clinical scenarios listed above.
1. Treat hypertension with labetalol followed by
nifedipine if there is persistent high blood pressure.
2. Give IV 10 mL 10% calcium gluconate followed by
50 mL 50% dextrose and 10 units of Actrapid.
3. Restrict ﬂuids, give loop diuretic, an ACEI and
prednisolone 60 mg po, od (with a PPI and
Calcichew D3).
4. Give three 1 g pulses of methyl prednisolone IV,
followed by plasma exchange and intravenous
cyclophosphamide (with a prophylactic PPI,
Calcichew D3, co-trimoxazole and amphotericin).
5. Restrict ﬂuids, give loop diuretic, an ACEI and
anticoagulate with warfarin.
6. Give three 1 g pulses of methyl prednisolone IV,
followed by IV cyclophosphamide (with a prophylactic PPI, Calcichew D3, co-trimoxazole and
amphotericin).

waves/widening of QRS on ECG.
b. A 56-year-old man with acute renal failure (Na 141, K
5.2, U 23, creatinine 257) secondary to an ANCA-

9 Clinical presentation – transplantation

associated vasculitis.

a. Recurrent primary disease

c. An 18-year-old primagravida, 32 weeks pregnant with
BP 160/95 mmHg and proteinuria on dipstick.
d. A 68-year-old lady with acute renal failure (Na 143, K

b. Post-transplant lymphoproliferative disorder
c. CMV infection
d. Acute cellular rejection

4.6, U 43, creatinine 556) secondary to an ANCA-

e. Lymphocoele

associated vasculitis.

f. Renal vein thrombosis

e. A 62-year-old man with nephrotic syndrome (Alb 12,

g. Renal artery stenosis

10.2 g protein on 24-h urine collection, oedema to

h. CNI toxicity

abdominal wall, ascites, small left pleural effusion)

i. BK nephropathy

secondary to membranous GN.

j. Urinary tract infection
k. Delayed graft function secondary to ATN

EMQs

10 Renal transplant biopsy
a. Three pulses of intravenous methyl prednisolone
b. Reduce maintenance immunosuppression
c. Plasma exchange
d. Intravenous ganciclovir
e. Antithymocyte globulin
f. Increase maintenance immunosuppression
g. Aim for minimal CNI until graft function improves
h. Ciproﬂoxacin
i. Transplant nephrectomy
j. Switch from tacrolimus to sirolimus

For each of the cases and their renal transplant biopsy
images shown below, select the correct management plan
from the list above.

1. A 56-year-old man with ESRF of unknown cause
biopsied 6 days following a non-heart beating donor
kidney transplant (2-0-0 mismatch). His
maintenance immunosuppression is prednisolone,
ciclosporin and azathioprine.

2. A 22-year-old woman with ESRF secondary to IgA
nephropathy biopsied 6 weeks following a living
donor kidney transplant (2-1-1 mismatch) due to a
rise in creatinine with normal US scan. Her
maintenance immunosuppression is prednisolone,
tacrolimus and mycophenolate mofetil. C4d staining
on this biopsy was negative.
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For each of the post-transplant clinical presentations
below, select the most appropriate diagnosis/es from the
list above.
1. A 29-year-old man with ESRF secondary to APKD
who receives a non-heart beating donor kidney.
Following return from theatre, immediately post
transplant he is noted to be oliguric (urine output
<20 mL/h).
2. A 56-year-old man with ESRF of unknown cause
who receives a living donor kidney from his wife.
He does well postoperatively and his creatinine falls
to 100 μmol/L. Two weeks later he is seen in clinic
with a rise in creatinine to 256 μmol/L.
3. A 37-year-old woman with ESRF secondary to IgA
nephropathy who received a heart-beating donor
kidney 3 months ago. She now presents with fevers
(temperature 38.5 oC on three occasions).
4. A 45-year-old woman with ESRF secondary to FSGS
who received a living donor kidney from her
husband 6 months ago. Her baseline creatinine has
remained steady since transplant (creatinine
89 μmol/L) but she is hypertensive (BP
150/90 mmHg) with proteinuria 2+ on dipstick.
5. A 55-year-old male with ESRF secondary to diabetic
nephropathy presents 9 months post transplant with
a BP 160/90 mmHg) and a gradually rising
creatinine (130 to 190 μmol/L over a 3-month
period). Decoy cells are identiﬁed in his urine on
microscopy.
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3. A 48-year-old male with ESRF secondary to APKD
biopsied 2 weeks following a heart-beating donor
kidney transplant (1-1-0 mismatch) due to a rise in
creatinine with normal US scan. His maintenance
immunosuppression is prednisolone, ciclosporin
and azathioprine.

4. A 65-year-old man with ESRF secondary to AAV,
biopsied 2 months following a non-heart beating
donor transplant (1-0-0 mismatch) because of a rise
in creatinine with normal US scan. His maintenance
immunosuppression is prednisolone, tacrolimus and
mycophenolate mofetil. The biopsy shown is stained
with an anti-SV40 HRP antibody.

5. A 35-year-old, highly sensitised woman with ESRF
secondary to FSGS, biopsied 10 days following a
heart-beating donor kidney transplant (1-0-0
mismatch) due to a rise in creatinine with normal
US scan. She is mildly febrile (temp 37.8 oC). Her
maintenance immunosuppression is prednisolone,
tacrolimus and mycophenolate mofetil. The biopsy
shown is stained with a C4d HRP antibody.

SAQs

a. Is this likely to be acute or chronic renal failure?
Justify your answer.
b. How would you classify the causes of renal failure?
c. What is the most common cause of acute renal
failure?
d. Describe the general management principles of
patients with acute renal failure.

2

a. What term would you use to describe her clinical
presentation?
b. What further investigations would you perform?
c. What are the possible underlying causes of her
presentation?
d. What general management measures would you
consider?

a. What term would you use to describe his clinical
presentation?
b. What are the possible underlying causes of this
presentation?
c. What further investigations would you perform?
d. What general management measures would you
consider?

4

a. What is the most likely diagnosis?
b. What other facts would you ascertain when taking a
history?
c. What features would you seek on examination?
d. How would you manage this patient?

5

3

Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.

a. What is the most likely diagnosis and who ﬁrst
described this disease?
b. How would you manage this man?
c. Describe the typical renal biopsy ﬁndings?
d. What factors might suggest a poorer prognosis in
this disease?
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a. Do you think this man has acute or chronic renal
failure? Justify your answer.
b. What is your differential diagnosis as to the most
likely underlying cause?
c. How would you classify the severity of his renal
failure?
d. What are the main complications observed in this
condition?

6

9

a.
b.
c.
d.

What is the most likely diagnosis?
What other clinical features would you seek?
How would you conﬁrm the diagnosis?
Name two other conditions characterised by acute
renal impairment and eosinophilia?

PA R T 3 : S E L F - A S S E S S M E N T

7

a. What forms of RRT are available to this patient?
Which would be preferable?
b. What factors might make you advise one RRT
modality over another?
c. What are the main complications of the different
forms of dialysis?
d. Outline your management plan for the next 6
months.

−

10

a. How would you describe this acid–base disturbance?
b. What is your differential diagnosis and which is
most likely?
c. Which other investigations may be of use?
d. How would you manage this man?

8

a. What are meant by the terms ‘CMV positive’ and
‘CMV negative’ and what are their implications in
this case?
b. What are HLA, and what does a 2-1-0 mismatch
refer to?
c. What is the major issue when considering transplantation in this case?
d. How could the problem be overcome?

1. a. Indications for urgent dialysis are factors which
may be life-threatening or lead to serious
complications. In particular, symptomatic uraemia
(pericarditis, encephalopathy), severe pulmonary
oedema, severe acidosis or hyperkalaemia (with
ECG changes) refractory to medical therapy.
Anuria is not an indication for urgent dialysis. It is
one of the features of renal failure, but may be
reversible if the underlying cause of ARF is treated,
e.g. if a urinary catheter is inserted in a patient who
is obstructed. Severe, symptomatic pulmonary
oedema in a patient with ARF is an indication for
urgent dialysis. In contrast, peripheral oedema is
not. An absolute urea value is less important than
whether the patient is symptomatic as a result of
uraemia. An absolute potassium value is not a
speciﬁc indication for dialysis; rather, whether
there are associated ECG changes (tented T waves,
prolonged P-R interval, widening of QRS, sine
waves) or if the hyperkalaemia is resistant to
medical treatment. Creatinine is not toxic in itself,
therefore an absolute value is not important in
deciding on whether a patient needs dialysis
urgently. Higher levels of creatinine at presentation
reﬂect the patient’s muscle bulk and dietary red
meat intake.
2. b. The ﬁrst step in management should be to give
10 mL 10% calcium gluconate intravenously,
followed by intravenous insulin and dextrose to
induce cellular uptake of K+. Furosemide inhibits
the NaK2Cl co-transporter and leads to an increase
in urinary sodium and potassium (see Part 1,
Figure D) with a corresponding reduction in serum
potassium levels. However, in a patient with ARF,
the kidney is unlikely to have sufﬁcient tubular

Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
Published 2010 by Blackwell Publishing.

function to effectively reduce potassium.
Adrenaline (epinephrine) activates α2adrenoreceptors (causing vasoconstriction) and
β1-adrenoreceptors (increasing heart rate and force
of contraction). Calcium resonium is given orally
or rectally and binds potassium within the GI tract,
thus preventing its absorption. It is useful in
preventing worsening hyperkalaemia but has no
place in the immediate acute management of
life-threatening hyperkalaemia.
3. a,e. A recent measurement of normal renal
function is the best way of conﬁrming that renal
failure is acute rather than chronic. Anaemia can
occur in both acute (acute inﬂammation/infection/
erythropoietin deﬁciency) and chronic renal failure
(due to erythropoietin deﬁciency/iron deﬁciency/
chronic disease) and therefore is not helpful in
distinguishing the two. Hypocalcaemia due to
inadequate hydroxylation of vitamin D by the
enzyme 1α-hydroxylase can occur in both acute
and chronic renal failure. Normal-sized kidneys on
US examination may occur in conditions in which
the normal renal tissue is replaced by deposited
substrate or cysts rather than undergoing the usual
scarring and shrinkage. Examples include diabetic
nephropathy, systemic amyloidosis, glycogen
storage disorders or polycystic kidney disease.
Acute-onset anuria is suggestive of ARF. CKD
tends to lead to a gradual decline in urine output
over months/years. Vomiting is associated with
uraemia in both acute and chronic renal failure. It
can also be a precipitating factor for ARF if it is
sufﬁcient to cause volume depletion and pre-renal
failure.
4. a,b,d. Urine dipstick is helpful in delineating the
cause of ARF. Blood and protein (+/− leucocytes)
on dipstick are indicative of an active urinary
sediment and raise the possibility of a ‘renal’ cause
of ARF, e.g. an acute glomerulonephritis or
229
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tubulointerstitial nephritis. The presence of
leucocytes and nitrites on dipstick is indicative of
infection. Urine microscopy may demonstrate casts
(e.g. red cell casts, indicative of glomerulonephritis)
or crystals (e.g. in patients with stone disease).
Although urine electrolytes (e.g. measurement of
urine sodium) can help to distinguish between
pre-renal ARF (low urine sodium) and established
ATN (high urine sodium due to death/dysfunction
of tubular cells and therefore lack of pump activity
moving sodium out of the urinary space), in
practice by the time the result has returned, the
diagnosis is clinically obvious (see case 1, Table
1.1). US renal tract is useful in determining the size
of the kidneys (small kidneys with cortical thinning
indicate likely CKD over ARF), the presence of
cysts (indicating APKD) or a dilated pelvicalyceal
system (hydronephrosis, indicating obstruction). A
CT abdomen is not usually required in patients
with ARF and can exacerbate the problem if
contrast is used. PTH levels are measured in
patients with CKD rather than ARF.
5. a,b,e. It is important to ensure patients with ARF
are well ﬁlled in order to optimise the chance of
renal recovery; however, an excess of ﬂuid must be
avoided in order to minimise the risk of pulmonary
oedema. Accurately assessing ﬂuid balance can be
achieved by regular clinical examination together
with review of the input-output chart and daily
weights. Although blood urea levels do increase in
patients who are dehydrated, they are not helpful
in patients with ARF as they will be elevated as a
result of kidney dysfunction. Urine sodium levels
are discussed in question 4, and are not useful in
this context.
6. d. As discussed in question 5, in patients with ARF
the aim is to ensure that the patient is well ﬁlled in
order to optimise the chance of renal recovery,
but to avoid an excess of ﬂuid in an attempt to
minimise the risk of pulmonary oedema. In
patients who are oliguric, the input must be
tailored to match the output (the main elements of
which are urine output and insensible losses). In a
non-febrile patient, without vomiting and
diarrhoea, insensible losses amount to about
500 mL. Thus a reasonable ﬂuid replacement
regimen is urine output plus 500 mL.
7. b. Red cell casts on urine microscopy speciﬁcally
indicate glomerular inﬂammation

(glomerulonephritis) and are not seen in the other
conditions.
8. c,e. SLE only rarely occurs as a monogenic disorder
(in patients with deﬁciencies in complement
pathway components such as C1q, C2 and C4). In
most cases, SLE is a polygenic disorder, in which
polymorphisms in a number of immunologically
important genes (such as HLA molecule and Fcγ
receptor genes) contribute to disease susceptibility.
These polymorphisms occur commonly in the
general population and, if present in isolation, do
not cause disease. Rather, inheritance of a
combination of susceptibility alleles is required for
disease development. Typical dermatological
manifestations include a malar (butterﬂy) rash,
photosensitivity rashes, discoid lesions and mouth
ulcers. Lupus pernio is a characteristic cutaneous
manifestation of sarcoid not SLE. SLE is
characterised by ANA in 95% of cases, as well as
other autoantibodies, such as anti-dsDNA (occurs
in 70% of cases) or anti-Sm (occurs in 40% of
cases). These autoantibodies form immune
complexes, which circulate and become deposited
in tissues such as the kidney or skin. Immune
complex deposition leads to complement activation
(via the classic pathway), hence C4 is usually very
low in SLE with a more modest reduction in C3.
(See Part 1, Figure L for a summary of the
complement system.) Immune complex deposition
and complement activation in the kidneys lead to
‘full-house’ immunostaining, with detectable IgG,
IgM, IgA, C1q, C3 and C4.
9. c,d,g. Pulmonary-renal syndrome is characterised
by acute renal failure secondary to a rapidly
progressive GN, together with pulmonary
haemorrhage. A full list of causes is given in case 8,
Box 8.2 and includes ANCA-associated vasculitis,
Goodpasture’s disease (also known as anti-GBM
disease) and SLE. Membranous, FSGS and minimal
change GN usually present with nephrotic
syndrome rather than a pulmonary-renal
syndrome. Rhabdomyolysis presents with ARF, but
not with pulmonary haemorrhage.
10. b,c,f. Patients with anti-GBM disease
(Goodpasture’s disease) present with acute renal
failure secondary to a rapidly progressive GN
(usually a crescentic GN is demonstrated on renal
biopsy). A proportion will also have pulmonary
haemorrhage. Pulmonary haemorrhage occurs

when there is damage to the alveolar endothelium
(which is non-fenestrated and therefore does not
usually allow circulating anti-GBM antibodies to
gain access to the alveolar basement membrane).
Factors leading to alveolar endothelial damage and
hence pulmonary haemorrhage include cigarette
smoking, exposure to inhaled hydrocarbons,
pneumonia/pulmonary infection and pulmonary
oedema. The pathogenic antibodies in anti-GBM
disease speciﬁcally recognise the non-collagenous
domain of the a3 chain of type IV collagen. Renal
failure is often irreversible, particularly if the
patients are oligoanuric at the time of presentation.
Those with pulmonary haemorrhage may present
earlier and have remediable renal disease.
Treatment includes removal of the pathogenic
antibody with plasma exchange and
immunosuppression to both dampen antibodyassociated inﬂammation (corticosteroids) and
reduce further antibody production by depleting T
and B cells (cyclophosphamide).
11. a,d. Patients with AAV frequently present with
non-speciﬁc symptoms such as malaise, lethargy,
arthralgia, myalgia, fevers and night sweats. This
non-speciﬁc presentation can often lead to a
delayed diagnosis and to some patients being
labelled as having functional rather than organic
disease. pANCA bind myeloperoxidase and cANCA
bind proteinase-3 (see case 5, Figure 5.4).
Pulmonary haemorrhage and a creatinine of
>500 μmol/L are indications for plasma exchange
in patients with AAV. Prior to treatment, 1-year
mortality was as high as 90%. With treatment
(steroids and cyclophosphamide with maintenance
azathioprine) it is now 10–30%. AAV is a relapsing
disease. Although around 80–90% will achieve
remission, 50–60% will have a relapse within the
ﬁrst year.
12. a,e. IgA nephropathy is the most common primary
GN, making up around 30% of all biopsy-proven
primary GN in European populations and an even
higher proportion in the Far East. Thirty percent of
patients with IgA nephropathy have elevated serum
IgA levels. IgA nephropathy tends to present in two
ways: either with asymptomatic hypertension and
microscopic haematuria or with episodes of
macroscopic haematuria and loin pain which are
frequently precipitated by mucosal infections, but
can be precipitated by heavy exercise and

13.
14.

15.

16.

17.

vaccination. Five percent present with ARF and
very rarely with nephrotic syndrome. IgA
nephropathy can be associated with coeliac
disease in some patients.
d. See Part 1, Box I for details.
a,f. Adults with nephrotic syndrome should
undergo a renal biopsy in order to determine the
cause (unless there is a signiﬁcant contraindication,
e.g. patient has a single kidney). Dietary protein
restriction is not useful, as the patients are already
protein deﬁcient due to urinary loss, and in fact
this may have a deleterious effect. Potassium levels
are not usually abnormally high in patients with
nephrotic syndrome, so there is no indication for
potassium restriction. Loop diruetics (e.g.
furosemide) are useful in treating oedema, but may
need to be given intravenously if there is signiﬁcant
gut oedema (which can prevent full absorption of
the drug from the GI tract). In adults with
nephrotic syndrome, the most common primary
GN identiﬁed on biopsy is membranous GN. In
children it is minimal change GN.
a,d.f. Glomerulonephritides presenting with
nephrotic syndrome include minimal change,
membranous, FSGS and mesangiocapillary GN.
Secondary causes include diabetic nephropathy and
amyloidosis. IgA nephropathy tends to present with
asymptomatic hypertension and microscopic
haematuria or episodic macroscopic haematuria.
Lupus nephritis and post-streptococcal GN usually
present as a nephritic syndrome.
b,e. Membranous GN is idiopathic in two-thirds of
cases. Associations are shown in case 11, Box 11.1.
Prognosis is variable:
• 25%: spontaneous complete remission (within
∼5 y)
• 25%: partial remission/stable
• 50%: persistent proteinuria and progressive renal
impairment.
Most patients with lupus nephritis have a diffuse
proliferative GN. Membranous GN is seen in
around 5% of biopsies and is graded as class V
lupus nephritis.
b. Nephrotic syndrome is a hypercoagulable state
due to a combination of loss of anticoagulant
factors in the urine and the presence of severe
peripheral oedema which can be associated with
signiﬁcant immobility. In addition, many patients
will also be intravascularly volume depleted due to
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the use of diuretics. Patients are at risk of
thromboembolic disease, with DVT occurring in
25%, PE in 5–10% and renal vein thrombosis in
15–20%. The latter presents with loin pain,
haematuria and deteriorating renal function.
Because of the high risk of thromboembolism,
most nephrologists would advocate full
anticoagulation (with warfarin) for patients with an
albumin of <20 g/L.
18. b,e. FSGS most commonly presents as nephrotic
syndrome. Secondary causes include obesity and
HIV infection. Primary FSGS has a relatively poor
prognosis with at least 40% progressing to ESRF. In
patients with primary FSGS, the recurrence rate
post transplant is around 30%. There are a number
of familial forms of FSGS (both autosomal
dominant and recessive). Mutations have been
identiﬁed in podocin, nephrin, α-actinin-4 or
TRPC6 (see case 13, Table 13.1).
19. b. Minimal change is the most common cause of
nephrotic syndrome in children. As in adults, the
main complications are infection, thrombosis,
hypovolaemia and those related to treatment.
Children with nephrotic syndrome do not routinely
need to undergo renal biopsy, because the
diagnosis is most likely to be minimal change GN.
Exceptions include those with haematuria,
signiﬁcant hypertension and renal impairment, all
of which are unusual in minimal change GN. More
than 90% of children will respond to
corticosteroids, although around 70% will have
some sort of relapse. Around 5–10% of children
will be truly steroid resistant and may go on to
develop lesions consistent with FSGS. Some of
these will develop ESRF.
20. b,d,e. Metabolic acidosis with a high anion gap
occurs due to increased production/reduced
clearance of acids. The main causes are:
• lactic acidosis (shock, hypoxia, sepsis, MI)
• ketoacidosis (diabetes, alcohol)
• renal failure
• liver failure
• drugs/toxins (salicylates, ethylene glycol,
methanol).
Renal tubular acidosis results in a metabolic
acidosis with a normal anion gap. Respiratory
failure leads to accumulation of carbon dioxide and
a respiratory acidosis.

21. d. The anion gap is calculated by the following
formula:

( Na + + K + ) − ( HCO3− + Cl − )
In this case:
(136 + 5) − (12 + 102) = 27

Normal anion gap is 10–18 mmol/L. This
represents the unestimated anions which consist of
albumin, phosphate and other organic acids. It can
help in distinguishing the cause for a metabolic
acidosis.
22. c,g. The typical features of distal (type I) and
proximal (type II) RTA are summarised in case 22,
Table 22.1.
23. c. Rhabdomyolysis can be caused by physical
damage to muscle, for example, compression,
excessive exercise, prolonged seizure activity or
electrocution. The classic clinical picture is of
elevated creatine kinase (CK), high K+ (released
from damaged muscle cells), low calcium (bound
to damaged muscle) and acute renal impairment.
Myoglobin is a muscle protein which is released
following damage to muscle ﬁbres. Dark urine
which is dipstick positive for blood but contains no
red cells or casts on microscopy is likely to be due
to myoglobinuria. Treatment is rehydration which
may be facilitated by alkalinising the urine. In
rhabdomyolysis CK levels are usually raised at least
ﬁve times the normal range and can be 100 times
normal. Levels rise 12 hours after the initial
damage and the higher the peak level, the more
likely that renal impairment will occur. Patients
often require a period of renal support but usually
fully recover renal function.
24. c. Mild hyponatraemia is common and usually
asymptomatic. If the sodium falls to around
120 mmol/L then there is often restlessness,
irritability and confusion. Sodium levels of
<110 mmol/L lead to progressive coma and
seizures. Serum sodium should be corrected
gradually (usually with ﬂuid restriction) as rapid
correction can result in central pontine
myelinolysis (CPM). When assessing the cause of
hyponatraemia, it is important to establish the
volume status of the patient. If the patient is
hypovolaemic then hyponatraemia may be caused
by diuretics or hypoadrenalism (Addison’s disease)

25.
26.

27.

28.

29.

(see case 23, Table 23.1). In SIADH there is dilute
plasma with osmolalities of <260 mosmol/kg and
inappropriately concentrated urine with urine
osmolalities of >500 mosmol/kg. SIADH may be
caused by intracranial pathology such as head
injury or infection, pulmonary pathologies
including pneumonia, malignancies and drugs
(particularly chlopromamide and chlorpromazine).
It is treated with ﬂuid restriction and, in severe
cases, demeclocycline.
d. The most common bacteria causing UTI are
shown in case 17, Table 17.1.
b. There are four main types of renal stones:
• calcium oxalate stones (most common, 60–70%
of total)
• phosphate stones, calcium or triple (calcium,
magnesium, ammonium)
• uric acid/urate stones
• cystine stones.
a,b. The classic presenting symptoms of
hypercalcaemia are described in case 3, Box 3.1
(‘bones, groans, stones and moans’).
c,d. The most likely cause of fever in a transplant
recipient is infection. Transplant recipients must
take maintenance immunosuppression in order to
prevent allograft rejection, so they are at increased
risk of a number of infections, including UTI, chest
infections, CMV and pneumocystis (detailed in
case 31, Box 31.1). PTLD is an important
differential in a transplant patient with fever but is
relatively uncommon (occurs in 2–4% of transplant
recipients). It is usually driven by Epstein–Barr
virus and is more likely if patients have received
lymphocyte-depleting agents, such as ATG, at
induction. BK virus is an infection seen in
transplant recipients which causes a decline in
allograft function (causing interstitial inﬂammation
and ﬁbrosis) but patients do not usually have any
systemic symptoms such as fever or sweats.
Transplant patients are screened for HIV infection
(as well as hepatitis B and C) prior to
transplantation.
d. Adult polycystic kidney disease (APKD) is also
known as autosomal dominant polycystic kidney
disease (ADPKD) and is relatively common,
occurring in 1 in 800 of caucasian populations.
Infantile polycystic kidney disease is autosomal
recessive. APKD is characterised by the

development of cysts in all parts of the nephron as
well as in other organs including the liver (in
around 80% of patients), pancreas and ovaries.
Other manifestations include mitral valve prolapse,
berry aneurysms and intestinal diverticulae. There
are currently (2009) no treatments available which
have been proven to reduce cyst formation.
Patients should be monitored for hypertension,
and this should be treated with ACEI where
possible.
30. a,b,c. Secondary causes of hypertension are shown
in case 15, Box 15.1. Addison’s disease is usually
associated with hypotension due to excess renal
sodium loss, which results in hyponatraemia and
intravascular volume depletion.
31. a,d. Overall, patients starting dialysis have around a
10% annual mortality rate. This is even higher in
elderly or diabetic patients. Renal transplantation
offers beneﬁts in terms of both quality of life and
survival. The average 5-year survival following a
cadaveric transplant is now 85–90%. Diabetics tend
to do particularly badly on haemodialysis, in part
because many of them already have signiﬁcant
vascular disease, which dialysis seems to accelerate.
There is also some evidence that peritoneal dialysis
may be a better option than haemodialysis, at
least for younger, ﬁtter diabetics (see case 21).
Contraindications to peritoneal dialysis are, broadly
speaking, factors which result in inadequate space
for ﬂuid exchange or an increased risk of infection
and are described in case 27. An arteriovenous
ﬁstula usually takes at least 6–8 weeks to mature
into a vessel which can easily be needled and from
which adequate ﬂows can be achieved.
32. b,d. Tacrolimus is a calcineurin inhibitor and
is associated with nephrotoxicity, glucose
intolerance/post-transplant diabetes and tremor.
Ciclosporin is associated with gingival hypertrophy.
Mycophenolate mofetil (MMF) inhibits DNA
synthesis and thus lymphocyte proliferation.
MMF speciﬁcally inhibits the enzyme inosine
monophosphate dehydrogenase which is the
rate-limiting enzyme in guanosine nucleotide
synthesis. The side-effects of MMF include
cytopaenias and diarrhoea. Anti-CD25 monoclonal
antibodies are given IV and are used as induction
agents rather than maintenance agents. Sirolimus
inhibits the mammalian target of rapamycin
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(mTOR) complex 1. It is non-nephrotoxic and
lowers the risk of developing malignancy post
transplant. Its side-effects include mouth ulcers,
rashes and rarely pneumonitis. Alemtuzumab
(CAMPATH-1H) is a humanised, rat monoclonal
antibody which binds to CD52 and profoundly
depletes lymphocytes including T cells, B cells,
macrophages and NK cells. The side-effects of
immunosuppressants are summarised in case 29,
Table 29.1, and their mechanisms of action in
Figure 29.6.
33. b,d,e. Patients with CKD have reduced activity of
the renal enzyme 1α-hydroxylase, which leads to a
reduction in 1,25(OH)2-vitamin D formation,
hypocalcaemia, secondary hyperparathyroidism
and eventually to tertiary hyperparathyroidism (see
Part 1, Figure Fb). Patients with CKD develop

anaemia secondary to erythropoietin deﬁciency as
well as iron deﬁciency. This leads to a normocytic
or sometimes microcytic anaemia if there is
signiﬁcant iron deﬁciency. Accelerated
atherosclerosis/vascular disease, hypertension and
chronic hypercalcaemia lead to accelerated
atherosclerosis and vascular calciﬁcation
(particularly medial calciﬁcation), and an increased
risk of coronary artery disease, peripheral vascular
disease (PVD) and cerebrovascular accidents.
Patients with CKD often experience a gradual
reduction in urine output. This leads to
intravascular volume overload which increases SV.
An increase in SV will lead to a rise in cardiac
output (CO = SV × HR). A rise in CO will lead to
an increase in mean arterial pressure
(MAP = CO × TPR).

1
1. c,d,i. AAV, SLE and Goodpasture’s disease can all
present with pulmonary-renal syndrome.
2. a,b. (h,i – a rare presentation for IgA nephropathy,
less than 5% of patients with IgA nephropathy
present with nephrotic syndrome: i – a small
minority of patients with lupus nephritis present
with nephrotic syndrome.)
3. h. IgA nephropathy can present, as in this case, with
end-stage renal failure.
4. f,h,k.
5. e,g,i. All three diagnoses may be associated with
haemolytic anaemia. Patients with HUS or preeclampsia will have a Coombe’s test-negative
haemolytic anaemia. Patients with SLE will have
speciﬁc anti-red cell and antiplatelet autoantibodies
and will be Coombe’s test positive.

2
1. e. Typical features of Wegener’s granulomatosis
(upper respiratory tract, lower respiratory tract and
renal involvement). Purpuric rash is also typical of
small vessel vasculitis, although it could occur in
cryoglobulinaemia, but the nasal crusting would not
be in keeping with this diagnosis.
2. c.
3. k. Livedo reticularis occurs if there is sluggish blood
ﬂow in the cutaneous circulation. This typically
occurs in cryoglobulinaemia, where the
cryoglobulins precipitate in the colder peripheral
circulation. Cryoglobulinaemia is associated with
hepatitis C infection, but can also occur in SLE. The
presence of needle-track scars makes the former
diagnosis much more likely. In addition, SLE is less
common in men (9 : 1 female to male ratio). Livedo
reticularis can also occur in antiphospholipid
Nephrology: Clinical Cases Uncovered. By M. Clatworthy.
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syndrome or in SLE patients with anticardiolipin
antibodies.
4. b. Although a patient with hepatitis C with
cryoglobulinaemia and mesangiocapillary GN type I
may have hepatosplenomegaly (if they have Hep
C-associated chronic liver disease) and nephrosis/
oedema (associated with mesangiocapillary GN),
they would not have macroglossia. Systemic
amyloidosis causes organomegaly (including
macroglossia) and may be associated with nephrotic
syndrome and renal impairment.
5. g. APKD is associated with a variety of cardiac
valvular lesions, typically mitral valve prolapse.
Although both kidneys have cysts on US,
progression may be asymmetrical, leading to one
kidney being more easily palpable than the other on
abdominal examination. A less likely diagnosis is
systemic amyloidosis (particularly AL amyloid),
which can affect the myocardium, leading to
cardiomyopathy and conduction disturbances. It is
also associated with organomegaly, including
renomegaly. Renal cell carcinoma may lead to a
fullness palpable in the ﬂanks, but is unlikely to be
bilateral. The liver edge would suggest metastatic
disease, and the murmur would be a coincidental
ﬁnding, therefore this diagnosis is possible but much
less likely.

3
1. f.
2. b,f.
3. a,d,e. Generally cANCA is seen in association with
the clinical features typical of Wegener’s
granulomatosis (upper respiratory tract, lower
respiratory tract and renal involvement) and
pANCA with microscopic polyangiitis (rash and
ARF). However, there is some cross-over.
Occasionally, some patients with vasculitis
(pANCA positive) also have anti-GBM antibodies
235
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(usually of a low titre). These patients tend to have
a better renal prognosis than those with ‘pure’
Goodpasture’s disease.
4. a,d (see answer to 3).
5. b,c,f,i. A very low C4 suggests activation of the
classic complement pathway, i.e. via antibody as
seen in these conditions.

4
1. a,d,h. All three present with nephrotic syndrome and
heavy proteinuria which leads to frothy appearance
of urine.
2. e. Urine is cloudy or mucky when there is a UTI,
and will also probably be dipstick + for nitrite and
leucocytes.
3. f,g (i, less commonly). Macroscopic haematuria
occurs in these conditions.
4. i,j. Description consistent with glomerular
haematuria as seen in these glomerulonephritides.
5. b. Myoglobin makes urine dark brown and gives a
false positive for blood on urine dipstick but with no
red cells on microscopy.
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5
1. a,e. This is a US renal tract showing hydronephrosis
of the kidney with a dilated pelvicalyceal system.
Hydronephrosis suggests obstruction of the renal
tract and can occur secondary to lesions within the
lumen (calculi, haematoma, ureteric/bladder
tumours), lesions within the wall (ureteric stricture,
TB/stones), neurogenic bladder, pelviureteric
muscular dysfunction, urethral stricture
(gonococcal/instrumentation, pinhole meatus) or
lesions outside the urinary tract causing
compression and hence obstruction (retroperitoneal
tumours or ﬁbrosis, abdominal aortic aneurysm,
pelvic tumours, prostatic obstruction). Lesions in
the bladder or distal to it (e.g. neuropathic bladder,
prostatic hypertrophy) cause bilateral
hydronephrosis. Ureteric stenosis is unlikely to be
bilateral, and therefore usually causes only unilateral
hydronephrosis.
2. g,j (rarely e) This is a US renal tract showing a small
kidney with cortical thinning, suggestive of chronic
kidney disease. Some patients with chronic
obstruction (such as in E) may develop small
shrunken kidneys at end stage without obvious
dilation of the pelvicalyceal system.
3. b. A CT abdomen showing polycystic kidneys.

4. h,i. A US showing a normal-sized kidney with no
hydronephrosis and reasonable corticomedullary
differentiation.
5. c,d. A CT abdomen showing medullary
nephrocalcinosis. This can be caused by any
condition in which there is chronic hypercalcaemia
and hypercalciuria (e.g. primary
hyperparathyroidism, sarcoidosis), in renal tubular
acidosis, primary hyperoxaluria, renal tuberculosis
and medullary sponge kidney.

6
1. d,f,g,i. This biopsy shows a glomerulus with a
cellular crescent occupying part of the tuft, i.e. a
crescentic GN. This can be caused by all the
four causes listed or may occur as a primary
condition.
2. a. Focal and segmental sclerosis of glomeruli, typical
of FSGS.
3. g. This renal biopsy shows mesangial proliferation,
with marked mesangial IgA staining.
4. j (g, if chronic). This biopsy shows tubular atrophy
and interstitial ﬁbrosis. This can occur secondary to
any chronic pathology and does not give any
particular information about the underlying cause.
Patients who present with advanced CKD of a
variety of causes e.g. IgA nephropathy, chronic
pyelonephritis, etc., and small kidneys on US have
this sort of unhelpful appearance of an end-stage
kidney on biopsy. There may also be areas of
thyroidisation.
5. b. Appearances typical of renal amyloid with
deposition of eosinophilic (pink) proteinaceous
material in the kidney, particularly in the glomerulus
(shown in high power, middle panel). The diagnosis
is conﬁrmed by the presence of apple-green
birefringence under polarised light following Congo
red staining or by identiﬁcation of typical ﬁbrils
on EM (right panel).

7
1. b. Typical features of Addison’s with hyponatraemia,
hyperkalaemia and hypoglycaemia.
2. a,d,e,h. Hypokalaemia can occur due to renal
potassium loss (loop and thiazide diuretics, renal
tubular acidosis or excess aldosterone), GI
potassium loss (diarrhoea, laxative abuse, villous
adenoma) or if there is alkalosis when hydrogen ions
are transported out of cells at the expense of K+
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8
1. c. These are the agents of choice in pregnancy. In
non-pregnant patients, ACEI or ARB would be ﬁrst
choice in a patient with proteinuria.
2. a. Calcium gluconate inhibits the development of
cardiac arrhythmias, insulin causes a redistribution
of K+ to the intracellular compartment.
3. i. Manage oedema with ﬂuid restriction and diuretic,
proteinuria with an ACEI and in most cases
(>90%), minimal change GN is responsive to
corticosteroids.
4. d,g. Patients with AAV who present with a
creatinine of >500 μmol/L or with pulmonary
haemorrhage should receive plasma exchange.
5. e. Nephrotic patients with an albumin <20 should be
anticoagulated to prevent venous thromboembolism.
Patients with membranous GN are at particular risk
of this complication.
6. b. AAV without pulmonary haemorrhage and with a
presenting creatinine <500 mmol/L does not require
additional plasma exchange.

9
1. f,k. Oliguria post transplant can be due to a variety
of causes, some catastrophic and graft threatening
(renal artery/vein thrombosis, hyperacute rejection),
but is more commonly due to ATN.
2. a,d,e,h,j. A rise in creatinine 2 weeks post transplant
can be caused by a variety of pathologies. The main
concern is acute rejection but CNI toxicity,
transplant pyelonephritis and compression by a large
lymphocoele can also lead to a decline in allograft
function. A US scan, urine dipstick and CNI level

should allow the rapid exclusion of these other
pathologies.
3. b,c,j.
4. a,g,h.
5. i. Decoy cells (urothelial cells with abnormal nuclei)
are typical of BK nephropathy. BK virus causes a
severe interstitial inﬂammation and thus decline in
allograft function. It can also be associated with the
development of ureteric stenosis. Patients do not
typically have any systemic features of infection such
as fever.

10
1. g. The biopsy shows ATN. This is a common cause
of delayed graft function and should be managed
with supportive therapy (including dialysis) and any
exposure to CNI minimised, as this can delay
recovery.
2. c,j. This biopsy shows a thrombotic
microangiopathy. This can represent recurrent
primary disease, but more often occurs in
association with tacrolimus, ciclosporin or sirolimus.
Patients should be treated with plasma exchange and
the likely offending drug stopped.
3. a,f. This biopsy shows acute cellular rejection
which is usually treated with intravenous
methylprednisolone. If a patient develops ACR
then their compliance with maintenance
immunosuppression should be checked, and if
there appear to be no issues with compliance then
maintenance immunosuppression may be increased
to prevent further rejection episodes.
4. b,h. This biopsy shows BK nephropathy with
interstitial inﬂammation and tubular epithelial cells
with abnormal nuclei. BK nephropathy is considered
to be a sign of overimmunosuppression, so the dose
of maintenance agents should be trimmed and
consideration given to running on dual therapy.
There are some case reports and series suggesting
that ciproﬂoxacin may be useful in BK nephropathy,
although there are currently no randomised
controlled trial data.
5. a,c,e. This biopsy shows acute humoral rejection
which is usually treated with plasma exchange (in
order to remove donor-speciﬁc antibody) and ATG
(causes profound lymphocyte depletion). Many
centres will also give methylprednisolone.
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ﬂowing in. Liquorice is made from the root of
Glycyrrhiza glabra and contains glycyrrhetinic acid
which has mineralocorticoid activity.
3. g. Signiﬁcant hyponatraemia may occur in SIADH
or Addison’s disease but the low/normal K+ makes
the latter diagnosis unlikely.
4. i. Hypercalcaemia with normal phosphate and ALP
is most probably due to myeloma.
5. c. Hypercalcaemia with low phosphate and elevated
ALP is most probably due to primary
hyperparathyroidism. Sarcoidosis can cause this
picture, but is more usually associated with high
phosphate as well as calcium.
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1
a. Given the normal creatinine on a recent blood test
and the presence of normal-sized kidneys on
ultrasound, this is most likely to be acute renal
failure. Most causes of chronic kidney disease lead to
small, shrunken kidneys with thin cortices.
b. The causes of ARF are usually classiﬁed as
pre-renal (e.g. volume depletion), renal (e.g.
glomerulonephritis) and post-renal (obstruction).
c. The most common cause of ARF is pre-renal failure,
which if left untreated will progress to ATN. ATN
occurs if there is persistent hypotension/
hypovolaemia +/− exposure to nephrotoxins or
sepsis. Histologically, ATN is manifest as ragged,
dying tubular cells which lose their nuclei and begin
to slough off into the tubular lumen. Pre-renal
failure/ATN accounts for 70–80% of cases of ARF.
d. The general management of a patient with ARF
includes:
• correct any volume depletion with intravenous
ﬂuids
• careful monitoring of ﬂuid balance (urine output/
ﬂuid intake chart + daily weights + regular clinical
examination) in order to maintain euvolaemia
• stop nephrotoxins (e.g. gentamicin, ACEI,
NSAID)
• consider gastric protection with PPI (due to
increased risk of GI bleeds)
• treat the underlying cause of ARF (e.g. cause of
volume depletion or relieve obstruction).

2
a. This patient has the classic features of nephrotic
syndrome (>3.5 g proteinuria/24 h, oedema and
hypoalbuminaemia). Other features, which occur
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more variably, include hypertension and
hypercholesterolaemia.
b. The patient should have a US of the renal tract and
provided there are no contraindications, she should
proceed to a renal biopsy in order to determine the
histological diagnosis. A screen for conditions which
can cause secondary GN associated with nephrotic
syndrome should also be performed (see c.)
c. Nephrotic syndrome can occur in primary
glomerulonephritides (typically minimal change GN,
membranous GN, FSGS and mesangiocapillary GN)
or secondary to diabetes mellitus, amyloid, SLE,
hepatitis B/C, HIV. These diagnoses should be
excluded. For SLE measure ANA, dsDNA, IgG, C3/
C4, screen for infections hepatitis B/C and HIV by
serological investigations and PCR. Plasma cell
dyscrasias such as AL amyloidosis may be associated
with an elevated serum paraprotein or elevated
serum/urine free light chains.
d. General management measures for patients with
nephrotic syndrome include the following.
• Diuretics, in an attempt to reduce the oedema.
Typically loop diuretics are used, e.g. furosemide,
and often high doses will be needed, e.g. 80–150 mg.
If the patient has established oedema this may
include gut mucosal oedema, making oral diuretics
ineffective and necessitating the use of intravenous
diuretics. Whilst using diuretics, the patient should
be ﬂuid restricted, e.g. 1 L/day.
• Antiproteinuric agents: regardless of the cause of
nephrosis, ACEI or ARB should be started in an
attempt to reduce proteinuria.
• Blood pressure control: if the ACEI/ARB does not
render the patient normotensive then add in
additional agents.
• Consider anticoagulation: nephrotic syndrome
is associated with an increased risk of
thromboembolic disease. If the serum albumin is
<20 g/L then most nephrologists would consider
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formal anticoagulation with warfarin. If >20 g/L then
start on aspirin.

clinical examination) in order to maintain
euvolaemia
• stop nephrotoxins (e.g. gentamicin, ACEI,
NSAID)
• consider gastric protection with PPI (due to
increased risk of GI bleeds)
• treat the underlying cause. This depends on the
pathology identiﬁed on renal biopsy, but frequently
involves the administration of immunosuppressants.

3

4
a. Adult polycystic kidney disease. This is relatively
common, affecting around 1 in 800 individuals
in caucasian populations. The presence of >2 cysts
in both kidneys at this age is highly suggestive of
APKD. Other renal cystic diseases include von
Hippel–Lindau syndrome and tuberose sclerosis, but
these are less likely in a man of this age with no past
medical history.
b. APKD can also be associated with valvular heart
disease, diverticular disease and berry aneurysms.
Any history consistent with these associated features
of APKD, including history of stroke/cerebral
haemorrhage, should be sought. Some patients also
develop coronary artery aneurysms. It is important
to take a family history as APKD is an autosomal
dominant condition. New mutations occur in only
5% of cases, although many patients will not be
aware of a positive family history of disease.
Mutations in the PKD1 gene (chromosome 16p)
occur in 85% and PKD2 (chromosome 4q) in 10%
of cases.
c. On examination there may be signs associated with
chronic hypertension, e.g. retinopathy, left
ventricular hypertrophy (hyperdynamic, heaving
apex beat +/− systolic ﬂow murmur), signs
consistent with valvular pathology (mitral valve
prolapse, MR, AR) or signs consistent with cysts in
other organs (e.g. hepatomegaly).
d. It is important to control blood pressure, ideally
with ACEI or ARB. There are currently no
treatments which have been shown to reduce cyst
formation or progression in a randomised controlled
trial. However, there are ongoing studies aimed at
determining whether a combination of ACEI and
ARB can reduce the rate of increase of kidney
volume as well as decline in renal function. Other
agents being evaluated include sirolimus, tolvaptan
(ADH analogue) and octreotide.
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a. This case shows the typical features of nephritic
syndrome. This is characterised by acute renal
dysfunction, micro/macroscopic haematuria,
hypertension, proteinuria and oedema.
b. There are many causes of nephritic syndrome, all of
which result in glomerular inﬂammation (GN).
These include:
• primary glomerulonephritides
䊊 IgA nephropathy
䊊 membranoproliferative GN
䊊 idiopathic rapidly progressive/crescentic GN
• secondary glomerulonephritides
䊊 postinfectious GN
䊊 Goodpasture’s disease (antiglomerular basement
membrane antibody disease)
䊊 SLE
䊊 vasculitides, e.g. ANCA-associated (Wegener’s
granulomatosis, microscopic polyangiitis),
polyarteritis nodosum
䊊 cryoglobulinaemia.
c. Useful blood tests include a renal immunology
screen, to assess for the presence of systemic
autoimmune disease, in particular:
• SLE: associated with ANA, anti-dsDNA, low
complement (C3/C4), high IgG, anticardiolipin
antibody, anti-Sm antibody
• vasculitis: associated with ANCA
• Goodpasture’s disease: associated with anti-GBM
antibodies
• cryoglobulinaemia: associated with rheumatoid
factor, cryoglobulins and low C3/C4
• C3 nephritic factor: associated with
mesangiocapillary GN and low C3.
Throat swabs should be performed, as well as
quantiﬁcation of ASO titres and anti-DNAseB
antibody titres, which will allow conﬁrmation of a
recent streptococcal infection. The patient should
also proceed to a US-guided renal biopsy as quickly
as possible, in order to determine the precise type
and cause of glomerular inﬂammation.
d. As with any cause of acute renal failure:
• correct any volume depletion with intravenous
ﬂuids
• careful monitoring of ﬂuid balance (urine
output/ﬂuid intake chart + daily weights + regular
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If the patient progresses to end-stage kidney
disease then RRT should be provided. The
development of cysts can cause the kidneys to
become so big that a nephrectomy may be required
before transplantation to make room for the
allograft.
As with all genetic diseases, it is important to
provide counselling for the patient and other family
members who may potentially be affected. Screening
(using abdominal US) is useful in young adults. If
there are no cysts present at the age of 30 years, then
the APKD is unlikely, but cannot be completely
excluded before this age.
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5
a. The most likely diagnosis is IgA nephropathy.
This was ﬁrst described by Berger in the late 1960s
and is sometimes called Berger’s disease. It is the
most common GN in adults and has a male
preponderance (2 : 1 M : F ratio). The classic
presentation is as described in this case, a male in
his 20s–30s with asymptomatic microscopic
haematuria +/− hypertension. Patients diagnosed
under the age of 25 years tend to present with
episodic macroscopic haematuria (often precipitated
by mucosal infections; see case 6). The main
differential diagnosis for a patient with persistent
microscopic haematuria is thin membrane disease
but this is much less common than IgA
nephropathy.
b. The management of IgA nephropathy depends on
the clinical presentation. Urine dipstick
abnormalities will spontaneously resolve in 10–25%
of patients who present with microscopic
haematuria (as in this case). Thus, in such a patient,
many nephrologists would take a watching brief and
would not even perform a conﬁrmatory biopsy at
this stage. This is because a renal biopsy carries
signiﬁcant risks and provided the renal function is
stable, management would not be altered by a
conﬁrmatory biopsy. General management measures
include control of blood pressure (often present)
and proteinuria (less frequently present), for
example using an ACEI or ARB, and regular review
in nephrology clinic with monitoring of BP, urine
dipstick and renal function. Provided these factors
are stable then no further management is required.
If renal function begins to decline or there is an
increase in proteinuria then a conﬁrmatory renal

biopsy should be undertaken. A number of
immunosuppressive regimens have been trialled,
including corticosteroids +/− chlorambucil,
cyclophosphamide, azathioprine or mycophenolate
mofetil, but there is little consensus opinion.
Generally, more aggressive treatment is reserved
for patients with heavy proteinuria +/−
progressive renal dysfunction and severe lesions
on biopsy.
c. IgA nephropathy can only be diagnosed with
certainty by performing a renal biopsy. Typical
biopsy appearances include:
• mesangial cell proliferation
• mesangial matrix proliferation
• mesangial deposition of IgA on immunostaining
• glomerulosclerosis (in patients with advanced
disease).
d. Overall, 20–40% of patients with IgA nephropathy
progress to ESRF over 10–20 years. Poor prognostic
features include older age, heavy proteinuria, renal
impairment at the time of presentation, persistent
hypertension, male sex and a crescentic GN on
biopsy. The higher the proportion of glomeruli
containing crescents, the worse the prognosis.

6
a. The most likely diagnosis is Churg–Strauss
syndrome (sometimes termed ‘allergic
granulomatosis and angiitis’). The syndrome was
ﬁrst described by Jacob Churg and Lotte Strauss
at Mount Sinai Hospital in New York, 1951. The
patient’s presentation is typical: late-onset asthma,
a peripheral eosinophilia and peripheral nerve
involvement. It is the rarest of the small vessel
vasculitides, Wegener’s granulomatosis and
microscopic polyangiitis being more common. The
disease usually has three phases: an early phase
characterised by rhinitis and adult-onset asthma, an
eosinophilic phase (characterised by peripheral
eosinophilia and organ inﬁltration with eosinophils),
and a severe late phase characterised by organtheratening eosinophilic vasculitis.
b. Other clinical features include:
• a history of systemic symptoms such as fever,
night sweats, lethargy and weight loss
• a history of allergic rhinitis
• a history of dyspepsia, indicative of eosinophilic
gastritis
• a purpuric rash on examination
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involvement, including a peripheral neuropathy or
mononeuritis multiplex
• signs consistent with myocardial involvement
(eosinophilic cardiomyopathy), e.g. poor LV
function, valvular regurgitation and arrhythmias
• anterior uveitis or retinal vasculitis.
The American College of Rheumatology outlines six
diagnostic criteria for Churg–Strauss.
1. Late-onset asthma
2. >10% eosinophils in the blood
3. Mono- or polyneuropathy
4. Non-ﬁxed pulmonary inﬁltrates
5. Abnormalities of paranasal sinuses
6. Extravascular eosinophils on biopsy
However, these features occur variably and should
be an aid to diagnosis and not applied rigidly. As
with all the small vessel vasculitides, the diagnosis is
frequently delayed and difﬁcult.
c. The diagnosis should be conﬁrmed histologically
by biopsying an affected organ. In this case, a
renal biopsy should sufﬁce and would show an
eosinophilic small to medium vessel vasculitis, often
with ﬁbrinoid necrosis, as well as eosinophilic
inﬁltration of the interstitium. Other organs
sometimes biopsied include the lungs, gastric
mucosa and nerves. Additional useful investigations
include ESR and CRP (elevated), and ANCA;
50–70% of patients are ANCA positive and this is
usually a pANCA (i.e. reacts with myeloperoxidase).
Studies suggest that patients who are ANCA
negative are more likely to have severe cardiac
involvement.
Most patients respond rapidly to corticosteroids.
d. Other conditions which give rise to eosinophilia and
renal impairment include:
• interstitial nephritis (usually secondary to drugs)
• cholesterol emboli (occur in vasculopaths, usually
following instrumentation or thrombolysis). Can be
associated with fever, renal impairment and a
purpuric rash in the extremities.
Both conditions can give rise to eosinophiluria.

7
a. This is a metabolic acidosis with a high anion gap.
When interpreting arterial blood gases, start with
pH, then look at pCO2, then look at bicarbonate.
1. Look at the pH. Is the patient acidotic
(pH <7.35) or alkalotic (>7.45)?

2. Look at the pCO2. Is CO2 consistent with the pH?
Remember CO2 is an acidic gas
(CO2 + H2O ↔ H2O2 ↔ H + + HCO3− ). In the case of
acidosis, if the primary problem is respiratory then
the CO2 will be elevated.
3. Look at the bicarbonate. This gives information
about the metabolic component of the acid–base
disturbance.
In this case pH <7.35 therefore this is acidosis. pCO2
is low, therefore the primary problem is metabolic.
The HCO3− is low, conﬁrming that this is a
metabolic acidosis.
Anion gap = ( Na + + K + ) − (HCO3− + Cl − )
= 141 + 4.0 − (8 + 106)
= 145 − 114
= 31
Normal anion gap is 10–18 mmol/L which represents
the unestimated anions in the blood which consist
of albumin, phosphate and other organic acids.
b. Metabolic acidosis with a high anion gap occurs due
to increased production/reduced clearance of acids.
• Lactic acidosis (shock, hypoxia, sepsis)
• Ketoacidosis (diabetes, alcohol)
• Renal failure
• Liver failure
• Drugs/toxins (salicylates, ethylene glycol,
methanol)
In this particular case, pO2 is normal,
urea + creatinine values do not suggest renal failure,
he is not jaundiced (therefore liver failure unlikely),
blood sugars are not grossly elevated and there are
no ketones detectable on urine dipstick (therefore
this is not diabetic ketoacidosis). Thus, the most
likely diagnosis is ingestion of drugs or toxins,
particularly ethylene glycol (anti-freeze).
c. Ethylene glycol is metabolised by the hepatic enzyme
alcohol dehydrogenase to glycoaldehyde, then
glycolate, then oxalate. Oxalate precipitates in the
urine as calcium oxalate crystals. Diamond-shaped
calcium oxalate crystals may be identiﬁed by urine
microscopy (although this tends to occur late in the
process). In addition, most anti-freeze solutions
contain a ﬂuorescein dye in order to help mechanics
identify the source of radiator leaks. If the urine is
placed under a UV lamp in the dark, then there may
be sufﬁcient ﬂuorescein dye to cause ﬂuorescence,
clinching the diagnosis (a frequent manoeuvre in
televised hospital dramas such as ER!).
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• symptoms or signs indicative of neurological
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d. The enzyme alcohol dehydrogenase preferentially
metabolises ethanol. Therefore, historically, an
ethanol infusion was given to block the formation of
oxalate crystals. A speciﬁc pharmacological inhibitor
of alcohol dehydrogenase is now available, and is
usually used instead of ethanol. In patients who are
severely acidotic, haemodialysis or ﬁltration may be
required.

8
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a. This man has CKD, as evidenced by the presence of
small kidneys with thin cortices, suggesting a
long-standing, irreversible process.
b. The most common causes of CKD in the UK are:
• diabetic nephropathy
• hypertensive nephropathy
• APKD
• chronic glomerulonephritides
• chronic pyelonephritis/reﬂux nephropathy
• obstructive uropathy
• renovascular disease.
c. The man has CKD stage 5 (see table below) and
is therefore likely to need RRT in the near
future.
CKD
stage

eGFR
(mL/min/1.73 m2)

Other features

1

90+

Normal renal function but
urine dipstick abnormalities or
known structural abnormality
of renal tract or diagnosis of
genetic kidney disease

2

60–89

Mildly reduced renal function
plus urine/structural
abnormalities or diagnosis of
genetic kidney disease

3

30–59

Moderately reduced renal
function

4

15–29

Severely reduced renal
function

5

<15

End-stage renal failure

d. The complications of CKD are:
1. Anaemia, due to erythropoietin deﬁciency.
2. CKD-BMD: CKD leads to bone and mineral
abnormalities at three levels, together termed
CKD-BMD.

• Renal bone disease: native vitamin D

(cholecalciferol) is hydroxylated ﬁrst by the liver
to 25-hydroxy vitamin D, and second
(principally) by the kidneys to the active
hormone 1,25 dihydroxyvitamin D3 (calcitriol).
Low circulating calcitriol levels are characteristic
of patients with kidney failure, because the loss of
functioning nephrons leads to loss of the
activating enzyme 1α-hydroxylase. Calcitriol
deﬁciency leads to decreased intestinal calcium
absorption, hypocalcaemia and impaired
mineralisation of bone, manifesting as ‘renal
rickets’ in children and osteomalacia in adults.
• Hyperphosphataemia, abnormalities of calcium
metabolism and secondary hyperparathyroidism:
healthy kidneys excrete phosphate, so in CKD
phosphate accumulates. To compensate for this,
two hormones are released which increase
phosphate excretion by the kidneys: PTH, by the
parathyroid glands, and FGF23, released by bone
cells. However, FGF23 stops 1α-hydroxylase in
the kidneys from activating vitamin D, and
worsens vitamin D deﬁciency. Low vitamin D
levels lead to further increase in PTH release
because parathyroid cells sense both calcium and
vitamin D. When these are low, more PTH is
released to increase calcium and to try and
stimulate vitamin D production. The end result is
a spiralling increase in PTH, which releases
calcium from bone; this process also weakens
bone and increases phosphate. If left untreated,
the parathyroid glands become enlarged and stop
responding to the normal inhibitory signals. This
leads to hypercalcaemia and is termed tertiary
hyperparathyroidism.
• Extraskeletal calciﬁcation: the abnormalities
above lead to the deposition of calcium in soft
tissues and arteries.
3. Hypertension secondary to chronic intravascular
volume overload.
4. Accelerated atherosclerosis/vascular disease:
hypertension and chronic hypercalcaemia lead to
accelerated atherosclerosis and vascular calciﬁcation,
and an increased risk of coronary artery disease,
PVD and cerebrovascular accidents.
5. Metabolic acidosis: the kidneys excrete the daily
acid load generated by amino acid metabolism. As
the kidneys fail, patients develop a progressive
metabolic acidosis. Chronic acidosis can promote
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9
a. There are four options for a patient approaching
ESRF.
• Conservative management: appropriate for the
very elderly and inﬁrm who would not tolerate
chronic dialysis
• Haemodialysis
• Peritoneal dialysis
• Renal transplantation
Pre-emptive (i.e. before the patient starts dialysis)
renal transplantation is the modality of choice and
offers advantages in terms of survival and quality of
life for the majority of patients. Patients can be
placed on the deceased donor kidney waiting list 6
months before dialysis is anticipated to start but
they are likely to wait for around 2–3 years before
getting a kidney. A better option would be a living
donor kidney, if there is a friend or relative willing
to donate.
b. Factors which make patients unsuitable for PD
include:
• Previous abdominal surgery, with possibility of
adhesions, hence poor drainage and inefﬁcient
dialysis.
• Poor manual dexterity, e.g. due to arthritis in
the hands or a neurological disorder which may
render the patient physically unable to perform
exchanges.
• Blindness.
• Inadequate home/social circumstances (need lots
of space for large amount of ﬂuid, and a clean room
set aside for exchanges).
• Poor mental dexterity/inability to grasp
importance or method of aseptic technique. If the
patient is unable to appreciate this then the risk of
developing peritonitis is high.
• Obesity: reduces likelihood of adequate volume
exchanges.
• Abdominal hernias: can be repaired at time of
placement of PD catheter, but may frequently recur.
• Stomas: increase risk of infection.
• Severe inﬂammatory bowel disease.
• Patients with severe COPD may ﬁnd that
respiration is impaired during large-volume dwells.
Factors which make HD a less useful RRT option
include the following.

• Haemodialysis severely limits independence and

quality of life. HD patients need to travel to the
(sometimes distant) dialysis unit three times a week.
Most HD patients ﬁnd it difﬁcult to continue in
full-time employment with these restrictions.
• Patients with poor cardiovascular function, e.g.
diabetics, often have difﬁculty tolerating HD and
can become hypotensive and cardiovascularly
unstable during HD sessions.
• In some patients (often those who have been on
HD previously), vascular access is limited because of
central vein stenoses or occlusion. In these patients,
PD may be the only option.
Therefore, a careful history and assessment of the
patient should be undertaken in order to allow the
best dialysis modality to be chosen.
c. The overall survival of patients on both HD and PD
is reduced compared with healthy individuals of the
same age and sex. Generic complications of ESRF
include an increased risk of cardiovascular disease,
infection and malignancy. In addition, there are
speciﬁc complications associated with both
PD and HD.
The complications of peritoneal dialysis include:
• complications associated with PD catheter
insertion (e.g. perforation of abdominal viscus,
haemorrhage)
• bacterial or fungal peritonitis
• exit site infections
• catheter tip migration
• leakage of PD ﬂuid (including into the pleural
cavity)
• hyperglycaemia
• encapsulating peritoneal sclerosis – a complication
of long-term PD occurring in 1–5% of patients.
The complications of haemodialysis include:
• complications associated with central line
insertion (pneumothorax, haemorrhage/haematoma
formation, arterial puncture, mediastinal damage)
• line infection
• infective endocarditis
• AVF complications (thrombosis, development of
aneurysmal segment, steal syndrome)
• venous stenoses/thrombosis
• dialysis-associated hypotension
• chronic volume overload with persistent
interdialytic hypertension.
d. In the next 6 months the patient should receive
appropriate education on the various forms of RRT,
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renal bone disease and leads to muscle wasting and
malnutrition.
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to allow them to make an informed decision. If
there is a relative or friend available who is willing
to donate a kidney, then the transplant work-up for
both donor and recipient should be commenced
ASAP. In the absence of a living donor, the recipient
should begin work-up for placement on the
deceased donor waiting list. In such cases, the
patient should also be prepared for dialysis. This
largely involves establishing appropriate access. If
HD is the modality of choice then an AVF should be
formed at least 2 months prior to the anticipated
date of use to allow it to heal and mature. Similarly,
the PD catheter should be placed at least 6 weeks
prior to the anticipated start date. In addition to
access issues, other complications of CKD should be
managed including anaemia, hyperphosphataemia,
vitamin D deﬁciency and hypertension.
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10
a. Patients are described as ‘CMV positive’ if a
CMV-speciﬁc IgG is detectable in their blood. This
indicates that they have previously been infected
with CMV (as is the case in around 50% of UK
adults, the proportion increasing with increasing
age). Following infection, there is initially a rise in
IgM but then a rise in IgG, which remains detectable
in the long term. If a CMV-seronegative recipient
(R-) receives a transplant from a CMV-seropositive
donor (D+) then they may get primary infection
whilst immunosuppressed. This can be a severe and
even life-threatening illness. Thus, such patients are
usually given CMV prophylaxis for at least 3 months
post transplant with valganciclovir.
b. The HLA are highly polymorphic glycoproteins
found on the surface of cells. They are divided into
class I and class II molecules. Class I molecules are
found on the surface of all cells, and class II on the
surface of antigen-presenting cells. They are encoded
by a cluster of genes found on chromosome 6 called
the major histocompatibility complex genes. In
humans there are three MHC class I genes, A, B and
C, and three MHC class II genes, DP, DQ and DR.
Given that an individual has two copies of each
gene, the maximum number of mismatches that can
occur between two individuals is 12, i.e. two A
mismatches, two B mismatches, etc. However, in
renal transplantation, only A, B and DR mismatches
are considered, so the maximum number of
mismatches possible is six. Such a mismatch would

be described as a 2-2-2 mismatch (two A, two B and
two DR mismatches). The best mismatch would be a
0-0-0 mismatch. In this case there are two A, one B
and no DR mistmatches. DR mismatches have a
more signiﬁcant deleterious effect on long-term
allograft function and survival than A or B
mismatches, so every effort is made to avoid DR
mismatches.
c. The major issue in this case is that the donor and
recipient are ABO blood group incompatible. AB
antigens are found on the surface of red cells and
endothelial cells. The donor (blood group B) has B
antigens on red cells and the recipient (blood group
A) has anti-B antibodies. Thus, if a blood group B
individual were to donate a kidney to a blood group
A individual, the circulating anti-B antibody in the
recipient would immediately bind to the vascular
endothelium within the transplanted kidney,
activating complement and phagocytes, and causing
occlusion of the vessels and immediate infarction of
the kidney (hyperacute rejection). For this reason
blood group-incompatible transplantation is not
routinely undertaken.
d. In cases of ABO-incompatible transplantation, the
recipient can undergo a desensitisation procedure
prior to transplantation. This usually begins at least
a month prior to transplantation and involves
repeated sessions of plasma exchange (to remove
anti-B antibodies) and the administration of
immunosuppressive treatment in order to suppress
further production of antibody (e.g. rituximab, a B
cell-depleting anti-CD20 monoclonal antibody, ATG
or intravenous immunoglobulin). Previously,
splenectomy was also used. The transplant only goes
ahead if antibody titres are at a low level on the
planned day of transplant. Patients will then receive
additional sessions of plasma exchange post
transplant and relatively heavy maintenance
immunosupression. Japan has been one of the world
leaders in ABO-incompatible transplantation
(having started their programme in the late 1980s).
Living donation is a major part of their transplant
programme because deceased donation (particularly
from heart-beating donors) is not considered to be
culturally acceptable. Thus, up to 80% of all renal
transplants performed in Japan are from living
donors. In contrast, in the UK, around 30% of
transplants are from living donors. In Japanese
centres, allograft outcome post ABO-incompatible
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details of ABO-incompatible couples to a central
databank at UK Transplant. A computerised
matching programme then identiﬁes potential
paired donations. If the donation goes ahead, then a
good deal of organisation is required so that the
donor operations start simultaneously (usually in
different parts of the country), the organs are then
transported as quickly as possible to the recipient’s
centre where the transplant operation is performed.
A number of successful paired donations have now
been performed in the UK and there are plans to
extend the paired donation scheme to accommodate
three-way exchanges in order to maximise the
number of possible transplants.

PA R T 3 : S E L F - A S S E S S M E N T

transplant is now excellent, with a 94% 2-year
survival. Many UK centres are also beginning to
undertake ABO-incompatible transplants due to the
ever-increasing number of patients awaiting renal
transplantation.
An alternative strategy to desensitisation is ‘paired
donation’. In such schemes, couple A (e.g. the pair
described above, with blood group B donor and
blood group A recipient) could give the kidney to
couple B (with blood group A donor and blood
group B recipient) and vice versa. Thus both
recipients would receive a blood group-compatible
transplant. The UK now operates a paired donation
scheme, where each transplant centre submits the
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prognosis 49–50
renal biopsy 49
renal impairment 47–48, 49
mycophenolate mofetil 203
in treatment of IgA nephropathy 66, 67
in treatment of lupus nephritis 82, 84
in renal transplantation 197, 198–9, 200,
202, 211
myeloma see multiple myeloma
myocardial infarction (MI)
in a dialysis patient 178–80
pulmonary oedema 127
myoglobin 145, 147
in urine 144
nails, examination 10
NaK2Cl co-transporter 5
nephrectomy, laparoscopic 197
nephrin 10
mutations 111
nephritic factors 135, 137

252

Index

nephritic syndrome 16, 17, 51–5
differential diagnosis 51, 52
history 51
investigations 52–3
nephritis plasmin-binding protein (NPBP) 54
nephritis strain-associated protein (NSAP) 54
nephrocalcinosis 131
hypercalcaemia 47
nephrogenic systemic ﬁbrosis (NSF) 125
nephron 1, 3
nephropathy, contrast-induced 125–6
nephrostomy, outﬂow obstruction 41
nephrotic syndrome 15–16, 216
causes 100, 107
in children 113–16
complications of 96
diagnosis 94, 97
frothy urine 113
glomerulonephritides, associated with 18,
217
investigations 94, 95, 101, 107
with leg oedema 94
management 107, 108, 109
renal biopsy 97, 101, 102, 107, 108
children 113–14, 116
screening 107
secondary causes 107
secondary to
amyloidosis 102, 104
focal segmental glomerular sclerosis
106–112, 217
obesity-related glomerulopathy 107
steroid-resistant minimal change 111–12
treatment 94–5, 96
nervous system examination 11–12
neutrophil leucocytosis 188
nitrite, urine dipstick test 128, 129
nocturia 8
non-steroidal anti-inﬂammatory drugs
(NSAIDs) 69
nuclear factor of activated T cells (NFAT)
207
nuclear medicine scans 24
outﬂow obstruction 41
obesity
ankle swelling 106–12
BMI 106
pregnancy test 106
obesity-related glomerulopathy (ORG)
109–11, 112
Occam’s razor 78
occupational risk
ANCA-associated vasculitis 61
post-streptococcal glomerulonephritis 54
octreotide, in treatment of adult polycystic
kidney disease 141
oedema
bilateral of legs 93–7
proteinuria with obesity 106–7
see also peripheral oedema; pulmonary
oedema
oliguria 8, 30, 31, 32–6
with haemoptysis 72–7
history taking 30, 31, 32

investigations 32
post-renal transplant 201, 209
oncotic pressure, reduction 93, 106
outﬂow obstruction
causing acute renal failure 40–1
causes 42
dilation patterns 42
nuclear medicine scan 41
urinary catheterisation 41, 43
papilloedema 119
paraprotein 20–1
parathyroid adenoma 45
parathyroid hormone (PTH) 6, 7
chronic kidney disease 163–4
hypercalcaemia 45
parathyroid hormone-related protein (PTHrP)
46
patient examination 10–12
patient management 224
periorbital oedema 113
peripheral oedema 106–7
hypertension 227
nephrotic syndrome in children 113
peripheral vascular disease, antihypertensive
agent contraindication 124
peritoneal dialysis 28
abdominal pain 187–92
automated 183, 184
catheter insertion 181–2, 186
catheter repositioning 185
complications 185, 186, 189–90, 191, 192
constipation 184–5, 186
continuous cyclic 183, 184
diabetic nephropathy 152–3
end-stage renal failure 181–6
ﬂuid
administration 183, 184
composition 182–3
drainage problems 184, 185
volume 183
manual 183, 184
nightly intermittent 183, 184
regimen 182–4
in treatment of chronic kidney disease
167
peritoneal dialysis peritonitis 187–92
causative organisms 188–9, 192
culture-negative 188–9
fungal 188, 189, 192
investigations 188
prevention 189
treatment 189
petechiae 86
phosphate 3
hypercalcaemia investigations 47
see also hyperphosphataemia
phosphate binders 174
PKD gene mutations 10, 138, 142
screening 140
plain abdominal radiography 22
plasma exchange
in treatment of
ANCA-associated vasculitis 59
Goodpasture’s disease 76, 77

multiple myeloma 49
acute humoral rejection 206
Pneumocystis jiroveci pneumonia (PCP), posttransplant infection 210, 211, 214
podocin 10
mutations 111–12
podocyte slit diaphragm 112
podocytes 1, 2, 3
foot process fusion 114, 115
polyarteritis nodosa 60
polycystic kidney disease (PKD) 6, 99
see also adult polycystic kidney disease
polycystin-1 141
polycythaemia 6
polydipsia
back pain 45–50
examination 46
history 46
investigations 47
polygenic disorders 10
polyuria 8, 45
polydipsia 45
Ponticelli regime, in treatment of membranous
glomerulonephritis 96
porphyria, dark urine 144
posterior tibial pulse 123, 124
post-infectious glomerulonephritis 21
diagnosis 53
management 53, 55
public health 54
renal biopsy 53, 55
post-streptococcal glomerulonephritis 21, 54
post-transplant lymphoproliferative disorder
(PTLD) 214
potassium ions 2, 4
diabetic acidosis 150
potassium levels
in diabetic ketoacidosis 150
in renal failure 28
see also hyperkalaemia; hypokalaemia
potassium therapy, renal tubular acidosis 156
preabsorbing antigen (PAAg) 54
prednisolone 197, 198–9, 200, 202, 203, 211
renal transplant rejection 205, 206
pregnancy test
dysuria with dipstick abnormalities 128
obesity 106
pre-renal failure 33, 34, 36
procainamide, SLE association 84
prostate tumours, macroscopic haematuria 63
prostatitis 132
protein, urine dipstick 133–7
protein/creatinine ratio 22
selective excretion 113
proteinuria 13, 21, 22
in diabetic nephropathy 152
frothy urine 113
in nephrotic syndrome 100
in obesity-associated glomerulopathy 106–7
with oedema 227
treatment 26
in tubulointerstitial nephritis 69
proton pump inhibitors (PPIs),
tubulointerstitial nephritis 69, 71
proximal tubule 1, 2–3, 3, 4, 5

Index

pseudohyperkalaemia 38
public health, post-infectious
glomerulonephritis 54
pulmonary haemorrhage, Goodpasture’s
disease 76, 77
pulmonary oedema 35
as an indication for dialysis 40
ﬂash 127
in renal artery stenosis 126–7
in end stage renal failure 169, 170
pulmonary–renal syndrome 73, 216
pyelonephritis 132
macroscopic haematuria 62
quail consumption 147
radiological investigations 22–24, 221, 222
rash
causes 78, 79
examination 10
petechial 86
secondary to cryoglobulinaemia 134
rash with joint pain 78–85
clinical examination 79–80
diagnosis 80–1
history taking 78
mouth ulcers 79
secondary to systemic lupus erythematosus
80–2, 83, 84
rash with renal impairment 68–71
history 68–9
secondary to tubulointerstitial nephritis
69–71
red cell casts 133, 215
renal angiography, post-renal biopsy bleed 109
renal arteries 1, 2
renal artery stenosis (RAS) 125
atherosclerosis 124, 127
imaging 125
investigations 125
management 126
pulmonary oedema 126–7
renal function decline 125–6
treatment 127
renal biopsy 24–5, 26, 216, 222, 222–3
acute renal failure 69
acute tubular necrosis 33
crescentic glomerulonephritis 65–6
cryoglobulinaemia 135
Goodpasture’s disease 74–5
hypertension 119
multiple myeloma 49
nephrotic syndrome 97, 101, 102, 107, 108
children 113–14
post-infectious glomerulonephritis 53, 55
procedure 203–4
renal transplantation 203–4, 205, 209,
225–6
systemic lupus erythematosus 81
renal calculi see renal stones
renal cell carcinoma (RCC) 6
renal colic 8
renal failure
chronic 215
haemolytic uraemic syndrome 88, 92

lethargy and malaise 228
potassium levels 28
shortness of breath 169
treatment 25–6, 28, 29
underlying causes 28
see also acute renal failure (ARF); end-stage
renal failure (ESRF)
renal function, chronic kidney disease 193
renal impairment
in diabetics 151–3
diagnosis 220
and hearing loss 57
in hypercalcaemia 47
in multiple myeloma 48, 49
with rash 68–71, 80
with joint pain 80
secondary to
hypertension 123–7
rhabdomyolysis 144
renal replacement therapy (RRT) 28
in adult polycystic kidney disease 141, 228
in diabetics 152–3
options 186
review 173
see also named modes, haemodialysis,
peritoneal dialysis, transplantation
renal stones 8, 130–2, 218
hypercalcaemia 47
investigations 131
macroscopic haematuria 62
management 131–2
types 130, 132
uric acid 131
renal transitional cell carcinoma 71
renal transplantation 28, 186
altruistic donor 193
anaesthetic risk 194
assessment clinic 228
Banff classiﬁcation of rejection 208
complications 224–5, 208
creatinine level rise 201–9
deceased donor 193
in diabetics 153
donor compatibility 195, 196, 197
donor renal function 195
fever 210–14, 218
clinical examination 211–12
investigations 212
focal segmental glomerular sclerosis
recurrence 112
hospital stay duration 197, 209
immunosuppression 197–9, 200, 219
side-effects 194, 199
infection 210, 211
clinical examination 211–12
prognosis 213
living donor 193, 195, 196, 197, 200
malignancy 210, 211
clinical examination 211–12
oliguria 201
rejection 203, 205, 209
acute cellular 205, 207, 207, 209, 226, 237
antibody-mediated 206, 208, 226, 237
immunological mechanisms 207–8
types 206

253

renal biopsy 203–4, 205, 209, 225–6
technical issues 203
technical requirements 194
work-up 173, 194
renal tubular acidosis 155–7
distal 156, 158, 218
prognosis 156–7
types 156, 157
renal tumours, macroscopic haematuria 62
renal veins 1, 2
renin–angiotensin–aldosterone (RAA) pathway
5–6
polydipsia 45
respiratory acidosis 149
respiratory alkalosis 149
respiratory system examination 11
reticulocytes 87
retinopathy, hypertensive 119
rhabdomyolysis 144, 145–7, 218
causes 145
historical description 147
prognosis 147
rheumatoid factor 19
rifampicin, dark urine 144
Rinne’s test 56
rituximab 60
salbutamol 39
salicylate overdose 217
schistosomiasis, macroscopic haematuria 63
serum amyloid P (SAP) 102, 103, 104
shigatoxin 88, 91, 92
shortness of breath 169–75
simian virus (SV) 40 204, 205
skin rash see rash
small vessel vasculitis 58–61, 60
see also ANCA-associated vasculitis
smoking history 10
social history 9–10
sodium ion channels 4, 5
sodium ions 2, 4
in acute tubular necrosis 34
tubular resorption 5
sodium levels
hypernatraemia 143, 144
see also hyponatraemia
Staphylococcus aureus 188, 189, 192
ANCA-associated vasculitis 61
steal syndrome 175
streptococcal infections
horses 54
see also post-streptococcal
glomerulonephritis
Streptococcus epidermidis 188
syndrome of inappropriate antidiuretic
hormone secretion (SIADH) 159–62
causes 161
management 161–2
systemic lupus erythematosus (SLE) 10, 80–2,
83, 84, 216
aetiopathogenesis 82, 83, 84
autoantibodies 81, 82, 83, 84
diagnostic criteria 80
environmental factors 84
genetic factors 82, 84

