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Preface to second edition

Following on from the success of the first edition of our handbook, we
have produced a second edition which has been totally updated. In par-
ticular, we have brought in our colleague, Dr Bockenhauer. We have
used his expertise to ensure that this second edition is fully up-to-date
in genetics. In addition, he has developed and simplified the concepts of
electrolyte balance by going back to basic renal physiology.

Our original aim in producing a handbook that is a comprehensive and
clinically-orientated guide to the management of children with all forms
of renal disease remains. We have continued to try to make the text as
practical as possible in the expectation that this will become the first text
that the paediatrician refers to when presented with a child with an acute
or chronic kidney disorder.

The book provides up-to-date information for the general paediatrician
and the paediatric nephrologist. It is pocket sized so that it is easily
referred to in the clinical setting and uses a system of bullet points to
facilitate this. It covers both common conditions seen by all paediatricians
during the day-to-day care of patients on a general paediatric ward or in
the outpatient clinic, and also those seen rarely and usually in specialized
paediatric nephrology centres in collaboration with local units.

The focus is heavily on investigation and management and there is
intentionally little emphasis on basic pathogenesis and disease mechanisms.
Where possible we have made evidence-based recommendations, though
in the many instances where high quality evidence is lacking, we make
recommendations based on the authors’ personal experience and current
best practice.

All of the chapters have been written by the four authors, who are
experienced consultants at two large UK Children’s Hospitals, although
we have received significant input from a number of our colleagues (listed
on pages vi and vii) to whom we are most grateful. We would also like to
thank Helen Liepman at Oxford University Press for seeing the handbook
through from conception to delivery.

LR, PB, DB, and NW
2011



This page intentionally left blank



0 N o AW N

NN NN 4 A 8 8 A A A A A
w N =2 O WV 00 NN o8 LT AW N O Vv

Contents

Contributors vi
Symbols and abbreviations viii

Patient assessment 1
The neonate 43
Congenital abnormalities 49
Urinary tract infection 75
Enuresis 91
Homeostasis 99
Tubular disease 139
Renal calculi and nephrocalcinosis 173
Glomerular disease 181
Systemic disease affecting the kidney 225
Vasculitis 275
Infections and the kidney 315
Renal cystic diseases and ciliopathies 319
Syndromes associated with renal diseases 335
Renal tumours 347
Hypertension 353
Acute kidney injury 377
Chronic kidney disease 409
Chronic peritoneal dialysis 465
Extracorporeal treatment 483
Transplantation 511
Drug prescribing 573
Psychosocial issues 581
Appendix: Supplementary information 599

Index 625



vi

Contributors

Staff at Gt Ormond St Hospital for Children NHS Trust:

Dr William van’t Hoff
Consultant Paediatric
Nephrologist

Dr Kjell Tullus
Consultant Paediatric
Nephrologist

Dr Steven Marks
Consultant Paediatric
Nephrologist

Professor Neil Sebire
Consultant Paediatric Pathologist

Ms Vanessa Shaw
Chief Paediatric Renal Dietician

Ms Sue Patey

Senior Paediatric Renal Pharmacist

Ms Eileen Brennan
Nurse Consultant in Paediatric
Nephrology

Ms Michelle Cantwell

Clinical Nurse Specialist in
Peritoneal Dialysis

Ms Liz Wright

Clinical Nurse Specialist in
Extracorporeal Treatments

Mr David Fisher
Nurse Counsellor

Dr Vic Larcher
Consultant Paediatrician

Professor Robert Kleta

Professor of Paediatric
Nephrology

Professor Michael Dillon

Emeritus Professor of Paediatric
Nephrology

Dr Despina Eleftheriou

Honorary Consultant Paediatric
Rheumatologist

Dr Despoina Maritsi

Clinical Fellow in Paediatric
Rheumatology

Staff at Royal Manchester Children’s Hospital:

Dr Mohan Shenoy

Consultant Paediatric Nephrologist

Ms Hong Thoong

Lead Pharmacist—Paediatric
Medicine

Dr Bernadette Brennan
Consultant Paediatric Oncologist

Mr Alan Dickson
Consultant Paediatric Urologist

Dr Malcolm Lewis
Consultant Paediatric
Nephrologist

Dr Nick Plant

Consultant Paediatric
Nephrologist

Dr Neville Wright
Consultant Paediatric Radiologist



Elsewhere:
Dr Declan de Freitas

Consultant Nephrologist
Manchester Royal Infirmary,
Manchester, UK

Dr Judith E Worthington
Principal Clinical Scientist

Manchester Royal Infirmary,
Manchester, UK

Dr Bronwyn Kerr
Consultant Clinical Geneticist,
St Mary’s Hospital,
Manchester, UK

Dr Kay Metcalfe
Consultant Clinical Geneticist,

St Mary’s Hospital,
Manchester, UK

CONTRIBUTORS

Dr Jonathan Evans

Consultant Paediatric Nephrologist
Queens Medical Centre,
Nottingham, UK

Dr lan Roberts

Consultant Renal Histopathologist
John Radcliffe Infirmary,

Oxford, UK

Dr Annett Birgitta Kranz
Consultant Paediatric
Nephrologist
Universitatsklinikum

Miinster Klinik u.Poliklinik
f.Kinderheilkunde, Germany

vii



viii

Symbols and abbreviations
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mean arterial pressure
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NIH
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NODAT
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Mediterranean fever gene

myopathy, encephalopathy, lactic acidosis, and stroke-like
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myoclonic epilepsy with ragged red fibres
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magnesium
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magnetic resonance angiography

magnetic resonance image
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sodium
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National Institutes of Health
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pharmacokinetics
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personal protective equipment
pneumococcal polysaccharide vaccine
per rectum
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as required

proximal renal tubular acidosis
proximal tubule

parathyroid hormone

post-transplant lymphoproliferative disease
prothrombin time

pelviureteric junction

pelviureteric junction obstruction
posterior urethral valves

polyvinyl chloride

four times daily
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2 cHApPTER 1 Patient assessment

History and examination in children
with or with suspected renal disease

Important points in the history

Antenatal history

o Amniotic fluid volume:

¢ low in fetuses with low urine output e.g. obstruction or severe renal
impairment; congenital nephrotic syndrome (CNS);
* high in polyuric states, e.g. neonatal Bartter syndrome.

o Alpha-fetoprotein level: high in CNS and spina bifida.

o Antenatal ultrasound (US) scan: when was an abnormality first detected?
Did the abnormality worsen through pregnancy? Important anomalies
may be missed without a 3rd trimester scan, e.g. posterior urethral
valves (PUV). Antenatal bright kidneys may be associated with
glomerulocystic diseases.

o Previous pregnancies/miscarriages: for a genetic condition.

o Presence of fetal distress: associated with renal venous thrombosis, and
tubular and cortical necrosis.

o Maternal drug history.

o Maternal diabetes: associated with sacral agenesis and, occasionally,
HNF1 beta mutation and many other renal anomalies, including
multicystic dysplastic kidney (MCDK), etc.

Birth history

o Type of delivery: any evidence of fetal distress/hypoxia.

o Apgar score: evidence of fetal hypoxia.

o Birth weight small or large: evidence of intrauterine problems, e.g. low
birth weight may be associated with low nephron number; high birth
weight with Beckwith—Wiedemann syndrome.

o Number of umbilical vessels: single umbilical artery is associated with a
renal abnormality in 3% of cases, e.g. aplasia, hypoplasia, extrophy of
the bladder.

o Gestation and birth weight: increased incidence of intrauterine growth
retardation (IUGR) with renal abnormalities.

o Weight of placenta: large placenta, >25% of birth weight, in CNS.

Neonatal history

o Respiratory symptoms: associated with oligohydramnios and abnormal
lung development.

o Use of umbilical catheters: associated with renal and arterial thrombosis.

o Timing of passage of urine after birth.



HISTORY AND EXAMINATION IN CHILDREN

General questions

o Consanguinity.

o Urinary stream.

o Urinary tract infections (UTI).

o Family history, particularly of renal disease, deafness, or diabetes.
o Previous central lines.

o Polyuria and polydipsia.

o Enuresis primary or secondary.

Examination specific to renal disease
o Number of umbilical arteries.
o Height, weight, head circumference, pubertal stage.
o Blood pressure (BP).
o Congenital dislocation of the hips.
o Other congenital abnormalities include, e.g.:
* eyes, e.g. aniridia, coloboma, retinitis pigmentosa, tapetoretinal
degeneration, uveitis;
* ear deformities;
* pre-auricular pits;
* branchial fistulas and cysts;
* abnormal facies;
* absence of abdominal muscles;
e cryptorchidism;
* spine;
« genital abnormalities.
Palpable kidneys: enlarged with autosomal recessive polycystic kidney
disease (ARPKD), autosomal dominant polycystic kidney disease
(ADPKD), tuberous sclerosis (TS), MCDK, severely obstructed
kidneys, renal venous thrombosis, renal tumour.
Evidence of renal osteodystrophy: thickened wrists, rickety rosary, lower
limb deformities.
o Oedema, jugular venous pressure (JVP), core-peripheral temperature gap,
pulse, and respiratory rate: needed if assessing fluid balance.
o Pulses and evidence of collateral circulations: if previous intravascular
lines or hypertension.
o Handedness of child: if contemplating a fistula.
o Markers of systemic disease: e.g. rash and arthropathy.
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Abnormalities of the urine and
urinalysis

Visual inspection of urine
Red urine
o Macroscopic haematuria:

* causes the urine to develop a pink to red colour;

« only a small amount of blood may be necessary to produce

discoloration;

* fresh heavy bleeding is more likely to be of lower urinary tract
origin, particularly when haematuria is greatest at either the end or
at the beginning of micturition;
contact with acidic urine causes haem pigment to become oxidized
to a methaem derivative, giving the urine a brown colour. Generally,
the longer the contact and the more acidic the urine, the darker the
colour.

Red urine not due to haematuria may be due to:

« foods, e.g. beetroot, fruits containing anthocyanins (e.g. blueberries,
plums, cherries) and food dyes;

haemoglobinuria, e.g. in intravascular haemolysis;

myoglobinuria, e.g. in rhabdomyolysis;

urate crystals (a cause of pink discoloration of nappies);

drugs, e.g. rifampicin, phenothiazines, desferrioxamine, phenindione;
inborn errors of metabolism e.g. porphyria and alkaptonuria.

Urine microscopy is therefore mandatory following the detection of red
urine. This should occur promptly to avoid red blood cell (RBC) lysis.
Whilst Munchausen syndrome by proxy is rare, deliberate contamina-
tion of the urine with maternal blood is a frequent presentation of this
disorder.

Cloudy urine

May be secondary to the presence of pyuria (white blood cells), calcium
phosphate crystals or a combination of calcium salts, uric acid, cysteine, or
struvite. Precipitation of phosphates and urates is enhanced by refrigeration.

Dipstick examination of urine

Blood

o Haemoglobin is detected through its ability to catalyse a reaction

between hydrogen peroxide and o-tolidine.

Spotted positivity indicates intact RBCs, whereas uniform positivity

indicates free haemoglobin (e.g. in intravascular haemolysis or red cell

lysis in the urinary tract).

Causes of false positive haematuria include:

* myoglobinuria;

* oxidizing agents contaminating urine specimen (e.g. hypochlorite,
povidone and bacterial peroxidases);

* heavy bacterial contamination.

Causes of false negative haematuria include reducing agents in the

urine, e.g. ascorbic acid.
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Urine microscopy is therefore mandatory following the detection of blood
on dipstick analysis. This should occur promptly to avoid RBC lysis.

Protein

o Dipsticks undergo colour change from yellow to green following
binding with proteins.

o Dipstick analysis is not a good quantitative test because of the effect

of urinary concentration (more concentrated urine will show higher

protein concentration), and where proteinuria is detected, formal

quantification with a protein to creatinine (Upr:Ucr) or albumin to

creatinine (Ua:Ucr) ratio is indicated.

Approximate estimates of urine protein concentration according to the

dipstick result are shown in Table 1.1.

Table 1.1 Approximate estimates of urine protein concentration
according to the dipstick result

Dipstick result Approximate urine protein concentration
Trace 0.15g/L

1+ 0.3g/L

2+ 1g/L

3+ 3g/L

4+ 20g/L

o Albumin is better detected than other urinary proteins
(globulins, tubular proteins, etc.).

o First morning samples should be assessed to rule out any element of
orthostatic proteinuria.

o If there is dipstick positivity for protein, but insignificant albuminuria on
quantification, consider tubular proteins and send urine retinol
binding protein and n-acetyl glucosaminidase/creatinine ratios
(see L Chapter 7, ‘Tubulointerstitial nephritis’, p.168).

o Causes of false positive proteinuria include:

 concentrated urine;

alkaline urine;

gross haematuria;

dipstick left in urine too long or delay in reading;

contamination with secretions from the urinary tract (during UTI)

or vagina;

* contamination with antiseptics, chlorhexidine, benzalkonium.

o Causes of false negative proteinuria:

e dilute urine;
* acid urine.

Glucose
Lower limit of detection is 4-5mmol/L.

5
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Leucocytes

o Some sticks may detect leucocyte esterase, indicating the presence of
pyuria.

o Microscopy should be used to confirm this finding.

o Pyuria is not diagnostic of UTI, and may occur secondary to fever or
infection of non-UTI origin.

Nitrites

o The majority of pathogenic bacteria produce nitrite that can be
detected on urinalysis.

o The test has a high specificity, but a low sensitivity for the diagnosis of
UTI. As such, the test is of limited usefulness.

o Where UTl is suspected or needs to be excluded, a urine culture
is necessary to determine the bacteriological cause and antibiotic
sensitivities or to confidently rule out UTI.

Microscopy of urine

Casts

o Produced by the aggregation of Tamm-Horsfall protein with cells
or cellular debris in the renal tubule and, therefore, can be a normal
finding.

o Best seen in unspun urine. Centrifugation may damage casts. In
centrifuged urine, casts are most frequently seen at the edge of the
coverslip.

Hyaline casts
Present in proteinuric states, although may be found in concentrated
specimens of urine from normal individuals.

Cellular casts

o Red cell casts are always pathological and indicate glomerular bleeding.

o White cell casts indicate renal inflammation due to pyelonephritis or
immunologically-mediated disease.

o Epithelial cell casts (often present with red and white cell casts) are
produced from shed tubular epithelial cells and may be seen during
recovery from acute tubular necrosis.

Red blood cells

o Normal red cell excretion increases with age and after exercise.

o The persistent presence of >5 x 10° red cells/L in uncentrifuged urine
is abnormal.

o Microscopy (phase contract microscopy is best, though possible
with ordinary light microscopy (LM)) can distinguish anatomically
normal RBCs of lower urinary tract origin from dysmorphic RBCs of
glomerular origin that have been distorted during their passage through
the filtration barrier.

o The presence of acanthocytes (>5% of RBC population) may indicate
the presence of a glomerulonephritis.

o RBCs deform and lyse in urine of high tonicity. It is therefore important
that microscopy is performed on a fresh urine specimen.
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White blood cells

o The presence of >10 x 10® white cells/L is abnormal.

o Neutrophils are detected in UTI, but also in contamination,
proliferative glomerulonephritis and interstitial nephritis.

o Eosinophils may be detected in the urine in children with acute
tubulointerstitial nephritis (see LI Chapter 7, ‘Tubulointerstitial
nephritis’, p.168).

Bacteria and other organisms

o Bacteria may be clearly visible without Gram staining.

o Their detection may be enhanced by the use of phase contrast
microscopy.

o Fungi, e.g. Candida and Schistosoma species (a rare cause of haematuria)
may also be detected.

Epithelial cells

o Presence may represent desquamation from the urinary tract.

o Tubular cells may be seen following tubular injury (acute tubular
necrosis (ATN), acute transplant rejection).

o Squamous cells are commonly exfoliated from the urethra and are a
normal finding.

7
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The approach to the child with
haematuria

Presenting symptoms
May present with:
o Macroscopic haematuria:
¢ symptomatic with dysuria (e.g. UTI), renal colic (e.g. renal calculus),
loin pain (e.g. pelviureteric junction (PUJ) obstruction);
e asymptomatic.
® Microscopic haematuria:
* detected during screening (routine or because of a family history);
e during an intercurrent infection.

Important points in the history

o |s the haematuria at the beginning or end of the stream (suggestive of a
bladder or urethral cause)?

o |s the urine red (more likely to be a local cause) or tea/coca cola
coloured (more likely to be glomerular)?

o Symptoms suggestive of UTI, calculi, acute nephritis (see X Chapter 4, p.75,
L1 Chapter 8, p.173, L Chapter 9, p.181 and [ ‘Acute nephritis’,
p.186).

o A family history of renal disease or deafness (familial haematurias) or
sickle cell disease.

Causes of macroscopic and persistent microscopic
haematuria

o UTI: the commonest cause.

o Lower tract bleeding: e.g. urethral trauma, polyp.

o Structural abnormalities: such as PUJ obstruction, usually associated with
pain.

Calculi: also associated with pain.

Hypercalciuria (diagnosis of exclusion).

IgA nephropathy (see L) Chapter 9, p.181).

Other glomerular disorders: e.g. membranoproliferative
glomerulonephritis (MPGN).

o Familial haematurias (see L ‘Alport syndrome and thin basement
membrane nephropathy’, p.184).

Sickle cell disease (see EI Chapter 10, p.225).

Schistosomiasis (see [ Chapter 12, p.315).

Renal tumours (see L Chapter 15, p.347).

Renal tract vascular malformation.

Clotting abnormalities: as a cause, very rare.

Investigation of macroscopic and persistent microscopic haematuria

(see Fig. 1.1)

o Asymptomatic intermittent microscopic haematuria does not need
investigation.

o Urine microscopy, culture and sensitivity (MCS): haematuria needs to be
confirmed by urine microscopy prior to any further investigation to
ensure that a positive dipstick test is not false.
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o Urine phase contrast microscopy for deformed red cells (glomerular
bleeding).

Ua:Ucr or Upr:Ucr, and urine calcium to creatinine ratio (Uca:Ucr).
Renal US (and abdominal X-ray if calculi suspected).

Urea & electrolytes (U&Es), creatinine, and albumin.

Full blood count (FBC).

Sickle cell screen (if appropriate).

Clotting (if history of bruising).

Anti-streptolysin O (ASO) titre, C3, C4, anti-double-stranded
deoxyribonucleic acid (DNA) binding, hepatitis B and C

(if acute nephritis suspected).

IgA levels if asymptomatic episodes.

Check urine of parents and siblings for blood and protein.

o Urology referral if non-glomerular bleeding suspected; may need
cystourethroscopy.

Renal biopsy if raised creatinine, proteinuria, a low albumin or family
history.

Follow-up

o Will depend on cause.

o Asymptomatic microscopic haematuria without a clear diagnosis
may resolve or is likely to be benign, and does not warrant biopsy.
Annual follow-up is recommended to check for the development of
proteinuria or hypertension.

o If proteinuria or hypertension develop, the creatinine, and serum
albumin should be checked.

o If there is either a raised creatinine, proteinuria, or a low albumin,
biopsy should be undertaken.

Haematuria
Macroscopic Microscopic
Calculus, PUJ
obstruction or History and With T BP, proteinuria,
haematuria at investigations suggest || abnormal blood tests Isolated persistent
beginning or end of glomerular cause or family history
urinary stream

l N/ |

Annual follow-up
to check for T BP
and proteinuria

Urology referral Consider renal biopsy

Fig. 1.1 Investigation of macroscopic and persistent microscopic haematuria.
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The approach to the child with
proteinuria

Quantification of proteinuria

o Because of the inherent difficulties associated with 24-h urine collection
in children, this has been superceded by the use of the first morning
Upr:Ucr or Ua:Ucr. Here, urine protein or albumin concentration is
expressed as a factor of urine creatinine concentration, thus providing
a correction for variation in urine concentration.

o A Upr:Ucr in the first urine passed after rising (to rule out any orthostatic
element) should be <10mg/mmol, which equates to <60mg/m?/day.
However, these values may be higher in the first 2 years of life.

o 40mg/m?h equates to a value of 250mg/mmol, which some define as

nephrotic range proteinuria.

Microalbuminuria will not be detected by dipsticks and is defined as a

Ua:Ucr > 2.5mg/mmol.

Causes of proteinuria

It is important to decide whether proteinuria is benign, and therefore, by
definition, isolated and not associated with abnormal BP or renal function,
or pathological.

Benign proteinuria

Intermittent proteinuria is benign and does not need further investigation.

Causes are:

o False positive stick results (see LI ‘Abnormalities of the urine and
urinalysis’, p.4).

o Increased filtration of plasma proteins due to changes in renal
haemodynamics.

» Without identifiable cause or after severe exercise, cold exposure
or intercurrent febrile illnesses.

» Orthostatic proteinuria, which occurs when the child is ambulant,
but not when recumbent. Can be diagnosed by giving the family
Albustix to test the very first urine passed immediately (i.e. before
doing anything else) on rising. Results will be persistently negative
despite positive results in the day. The main features are:

 occurs mostly in adolescents, particularly boys;

* proteinuria is mild;

« usually decreases with time and disappears.

Pathological proteinuria
Proteinuria that is persistent or associated with haematuria, hypertension,
or renal dysfunction is pathological.
Causes include:
o Glomerular disease due to:
 glomerulosclerosis or reduced nephron mass from any cause,
resulting in hyperfiltration;
all causes of glomerulonephritis;
all causes of nephrotic syndrome;
familial haematurias.
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o Tubular disease: although there is proteinuria, quantification shows
albumin excretion to be low as the majority of the urine proteins are of
tubular origin.

Investigations

o Urine microscopy and culture.

o Ua:Ucr or Upr:Ucr.

e Urine n-acetyl glucosaminidase or retinol binding protein to creatinine
ratio (Unag:Ucr and Urbp:Ucr) if tubular disease suspected.

Renal US.

U&Es, creatinine, and albumin.

FBC.

ASO titre, C3, C4, anti-double-stranded DNA binding, hepatitis B and
C (if acute nephritis suspected).

Immunoglobulin A (IgA) levels.

o Check urine of parents and siblings for blood and protein.

Renal biopsy.
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Radiological investigations

The key to obtaining successful and informative imaging of the urinary tract
is close liaison between clinician and radiologist. The higher the quality of
clinical information given to the radiologist, the higher the quality of the
resulting report.

Ultrasound

o Radiation-free, painless, easily available, and low cost.

o Can be used to measure renal lengths, for which there are normal
ranges (see Fig. 1.2), although there may be considerable inter-observer
error.

o Excellent for the detection and measurement of
hydroureteronephrosis, renal masses including tumours, renal cystic
disease and calculi (including non-radio-opaque calculi).

e Allows for evaluation of the bladder wall and lumen including
measurement of pre- and post-micturition bladder volumes (Fig. 1.3).

o May be useful in the diagnosis of acute pyelonephritis (enlarged

echo-bright kidney with loss of corticomedullary differentiation).

Its role in the detection of permanent renal parenchymal scarring is

controversial, although the large majority of series have found it to be

of low sensitivity.

May detect changes secondary to vesicoureteric reflux (VUR; ureteric

or renal pelvic dilatation).

Doppler studies allow measurement of blood flow in the renal artery

and veins, and are useful in the diagnosis of renal venous thrombosis.

Resistive index measures resistance to blood flow, e.g. in renal artery

stenosis. Power Doppler increases sensitivity.

A number of sonographic contrast agents have recently been

introduced, which may allow reflux to be detected in experienced

hands. However, catheterization is still required, and anatomical
information about the posterior urethra is not obtained.

Plain abdominal X-ray

o Useful for detecting calculi, abdominal masses, calcification (including
more severe nephrocalcinosis), sacral agenesis.

o Will detect the presence of spina bifida occulta in around 30% of
individuals. This finding is nearly always of no clinical significance.

e Should not be used for the routine diagnosis of constipation.

Intravenous urogram

* Now used relatively infrequently, although easy to perform. Does not
require specialist equipment.

o Provides information about renal anatomy, including visualization of the
calyces, the presence of malrotation, and may be useful in identifying
the site of urinary tract obstruction, e.g. congenital PUJ or vesicouteric
junction (VUJ) obstruction and that secondary to renal calculi.

o Has been replaced by radioisotope imaging and, more recently, by
magnetic resonance imaging (MRI).
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Fig. 1.2 Renal length vs height showing mean, 5th, and 95th centile values. Data

based on measurements performed in 325 children with no evidence of renal
disease.

Data from Dinkel E, Ertel M, Dittrich M, et al. (1985). Kidney size in childhood. Sonographical
growth charts for kidney length and volume. Pediatr Radiol 15: 38-43.
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Fig. 1.3 Relationship between bladder capacity and age.

Data from Kaefer M, Zurakowski D, Bauer SB, et al. (1997). Estimating normal bladder capacity in
children. J Urol 158: 2261-4.

Micturating cystourethrogram

o Gold standard investigation to detect and grade VUR and posterior
urethral valves.

o The frequency with which this investigation is performed has fallen
significantly, especially following the recent NICE UTI guidelines.

o Early filling films should be obtained to identify ureterocoeles, which

become compressed once the bladder fills.

Oblique or lateral films, and views of the urethra without the catheter

are necessary to detect PUV.

Requires catheterization of the bladder and can be distressing, even

with experienced operators. Radiation dose relatively high (Table 1.2).

The procedure is associated with a 2—3% risk of UT], therefore should

be covered with antibiotic therapy, particularly in neonates and those

shown to have VUR. There is no evidence base to guide therapy;

recommended treatment trimethoprim 4mg/kg bd for 3 days

(day before until day after procedure).

Table 1.2 Radiation exposure associated with specific radiological
investigations

Procedure Radiation Background radiation CXR
dose (mSv) (equivalent) (equivalents)
Abdominal XR 1.0 161 days 50
VU 25 403 days 125
DMSA scan 1.0 161 days 50
CT abdomen/pelvis 10 1613 days 500
Ultrasound scan 0 0 days 0
MR scan 0 0 days 0

MCUG 1.5 (boy)/0.9 (girl) 242/145 days 75/45
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Nuclear medicine cystography

Direct cystography involves the instillation of *Tc pertechnetate into
the bladder. The procedure is associated with a lower radiation
dose than an X-ray micturating cystourethrogram (MCUG) and
may have greater sensitivity. Many consider it to be the method of
choice in girls. It does not, however, give information about posterior
urethral anatomy (essential in boys to rule out PUV) and still requires
catheterization.
Indirect cystography can be performed using intravenous (IV) MAG3
(separately or as part of a dynamic investigation), thus avoiding the
need for catheterization:
* the child needs to be fully continent;
* scanning performed during voiding detects the presence of isotope
in the ureters and renal pelvis;
* lower grades of VUR may be missed, and the investigation does not
generate information about posterior urethral anatomy;
* may be useful as a follow-up investigation in those with known
MCUG proven VUR.

DMSA (**Tcm dimercaptosuccinic acid) scan

DMSA is taken up, although not excreted by (predominantly proximal)
renal tubular cells.

The image produced is that of functioning renal cortical mass and the
technique is the gold standard investigation for the detection of renal
cortical scarring.

May also be helpful in identifying ectopic kidneys and confirming
non-function (e.g. in the MCDK).

Information is also generated about differential renal function

(the relative contribution of each kidney to total renal function).
Duplex kidneys (often of little clinical significance) are often detected
by DMSA scan.

o Sedation is not generally necessary.
o Controversy exists over the optimum timing of DMSA scanning

following UT:

* early scans performed within the first few weeks post-UTI will
detect changes secondary to acute parenchymal inflammation

in up to 50% of children with pyelonephritis, which may be
indistinguishable from those of cortical scarring;
these acute changes may persist for up to 6 months, and many
advocate delaying the scan until 6 months post-UTI. However, in
children with recurrent UTlIs, this policy may result in major delays
in the investigation being performed.

It is increasingly recognized that the congenitally dysplastic kidney
(associated with intrauterine VUR and other factors) may have a
DMSA scan appearance which is identical to that of acquired renal
scarring. Many children labelled with renal scarring may, in fact, have
congenitally dysplastic kidneys. It is therefore preferential to use the
term ‘renal defects’, rather than ‘renal scarring’.

15
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Dynamic renography (**"Tc-DTPA or ??"Tc-MAGS3 scans)

These scans are used to assess renal blood flow, and to detect the
presence and site of urinary tract obstruction.

DTPA is excreted by glomerular filtration and, therefore, gives
additional information about GFR.

MAGS3 is excreted primarily via proximal tubular secretion;
consequently, its clearance is a measurement of tubular cell function.
Renal clearance of MAG3 is substantially greater than the renal
clearance of DTPA so clearance curves are steeper, assisting in
interpretation where obstruction is suspected.
The child needs to be well hydrated for the scan and the isotope is
injected with furosemide (much variation in the timing of the latter,
although most give the two together to avoid multiple injections).
This increases urine flow, maximally challenging the drainage system.
Time-activity curves are generated showing uptake of the isotope by
the kidneys with subsequent excretion.
Analogue pictures in the nephographic phase may show renal cortical
scarring, although with less sensitivity than the DMSA scan.
Renographic curves may show:

* normal uptake and excretion;

« reduced uptake by either or both kidneys where function is poor;
« normal uptake, but poor subsequent excretion where obstruction is

present;

» normal uptake with equivocal excretion.

Poor clearance of isotope from very dilated pelves or ureters may
give the artificial appearance of obstruction. This will be exacerbated
by dehydration. The child should be sat up, as change of posture can
normalize drainage.

Cross-sectional imaging
CT scanning

Excellent modality for imaging renal parenchyma.

Usually more readily available than MRI so often the method of choice
for assessment of renal masses and renal trauma.

May provide additional information to US in acute pyelonephritis

and pyonephrosis, particularly where drainage of the latter is being
considered.

Renal calculi are clearly identified. These may have been missed on US
examination where there is significant obesity or skeletal deformity.
Xanthogranulomatous pyelonephritis is one of the more significant
differential diagnoses of Wilms tumour. The calculi and fatty lesions
within the involved kidney are clearly identified by CT.

There is a significant radiation dose (see Table 1.2).

Modern rapid image acquisition reduces motion artifact and removes
the need for sedation in most cases.

MRI

Is not associated with any radiation burden.

Good for the evaluation of renal masses and cystic lesions.

Can be used for the assessment of renal parenchyma and function (MR
renography) or the drainage systems (MR urography).
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Magnetic resonance angiography (MRA) and venography (MRV)

are useful non-invasive alternatives to formal angiography for the
assessment of renal artery stenosis and other vascular abnormalities.
MR urography can produce detailed 3D images of the urinary tract for
the assessment of complex congenital urological anomalies.

The use of gadolinium-based contrast is significantly less nephrotoxic
than iodine-based contrasts, although there is a risk of nephrogenic
systemic fibrosis in those with chronic kidney disease (CKD).

This appears to occur almost exclusively in those with CKD 5 and
severe CKD 4, in whom its use should be avoided.

Sedation is often required for MR imaging.

Arteriography and venography

Advances in MRA techniques have resulted in these investigations
being performed less frequently, although MRA is still unable to reliably
detect changes in medium-sized arteries (see [l ‘Investigation of
primary systematic vasculitis’, p.279).

The techniques require direct arterial or venous puncture. Requires
general anaesthesia in the large majority of children.

Arteriography may be used to assist in the diagnosis of the systemic
vasculitides, particularly large vessel vasculitis, such as Takayasu disease,
but is less reliable for medium vessel vasculitis, such as polyarteritis
nodosa (PAN).

Renal artery stenosis in a native or transplanted kidney may be
diagnosed using formal catheter arteriography and, during the same
procedure, it may be possible to perform angioplasty to correct the
lesion.

Interventional techniques may be used to treat arteriovenous fistulae
that have occurred, e.g. after renal biopsy where these are causing
bleeding or haemodynamic complications.

17



18 cHAPTER 1 Patient assessment

Recommendations for ultrasound
screening for renal abnormalities

Many chromosomal and genetic abnormalities and syndromes are associ-
ated with renal abnormalities of all types. Some structural abnormalities
are familial.

Recommendations

US screening is recommended when there is

o Structural renal disease, renal agenesis, or VUR with renal defects in
first degree relatives.

o Single umbilical artery: this occurs in approximately 0.3% of births and
is associated with a slightly increased risk of VUR.

o Significant congenital external ear abnormalities with or without

hearing defects.

Any of the retinal dystrophies.

Chromosomal abnormalities.

Syndromes or associations with known renal abnormalities.

Screening of children for ADPKD is discussed in EJ ‘Autosomal

dominant polycystic kidney disease’, p.324.

o Conversely, parents (and siblings if the disease has complications that
may need treatment) of children with renal cystic disease should be
screened.

o Screening of patients with a predisposition for Wilms tumour is
described in [ ‘Wilms tumour’, p.348.
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Percutaneous renal biopsy

Indications

Native kidney

o Nephrotic syndrome:

« atypical features at initial presentation (see L ‘Nephrotic
syndromes: definitions’, p.192);

¢ primary steroid resistance (no response to 28 days of steroid
therapy);

* secondary steroid resistance (the development of steroid resistance
in a previously steroid sensitive patient);

* monitoring calcineurin inhibitor (CNI) therapy. It is recommended
that biopsy is performed after 2 years of therapy to exclude CNI
nephrotoxicity: where significant interstitial damage is detected, the
CNI should be discontinued.

o Acute kidney injury (AKI) of uncertain aetiology (not where diagnosis is

clear cut, e.g. diarrhoea-associated haemolytic uraemic syndrome(HUS)

or AKl in intensive care unit (ICU) patients with a history very
suggestive of ATN).

Rapidly progressive renal failure.

CKD of uncertain aetiology (not if kidneys <5cm bipolar length;

increased risk of complications).

Acute nephritic syndrome with low C3 persisting beyond 8 weeks.

Henoch-Schénlein purpura with heavy proteinuria, renal impairment, or

hypertension (see L ‘Henoch-Schénlein purpura’, p.288).

Suspected vasculitis (beware the risk of biopsy of intrarenal artery

aneurysm in polyarteritis nodosa).

Systemic lupus erythematosus (SLE) with renal involvement.

Macroscopic or microscopic haematuria (if associated with proteinuria,

hypertension or impaired renal function).

o Subnephrotic proportion proteinuria: in general, biopsy in children with
isolated proteinuria and a Upr:Ucr of <100mg/mmol is unlikely to yield
results that significantly alter clinical management.

Transplant

o Acute deterioration in graft function.

o Chronic deterioration in graft function.

o Delayed graft function.

o Stable, but poor graft function.

[ ]

[ ]

[ ]

LN 1

Proteinuria.

Diagnosis of recurrent or de novo glomerular disease.

Routine surveillance biopsies: an increasing number of centres
now performing routine protocol biopsies at, e.g. 12 months post-
transplantation.

Contraindications

These are all relative; assessment has to be made of the risks and benefits

of the procedure. Open biopsy can be performed where the risk of com-

plications is thought to be excessive.

o Large cysts or abscesses (risk of spreading infection along the track of
the biopsy needle).



20 cHAPTER 1 Patient assessment

o Bleeding diatheses.

o Solitary native kidney.

o Horseshoe or other fused/anatomically abnormally-sited native kidney.
o Severe hydronephrosis.

o Polycystic kidneys.

o Abnormal vascular supply.

o Severe CKD (need to control BP and abnormal bleeding tendency).

o Uncontrolled hypertension.

o Severe oedema.

o Obesity.

Pre-biopsy investigations

» FBC.

o Clotting studies (prothrombin time (PTT), activated prothrombin time
(APTT), and fibrinogen) and history to exclude coagulopathy.

o Group and save blood.

o Perform renal US to confirm the presence of two kidneys, exclude
hydronephrosis, etc. (may be performed at time of procedure).

o Bleeding time if urea >40mmol/L; in uraemic patients, desmopressin,
a synthetic derivate of arginine vasopressin (AVP) has been shown
to shorten the prolonged bleeding time significantly while increasing
factor Vlll-coagulant activity. [V infusion of 300ng/kg diluted in 50mL of
0.9% saline over 30 min may normalize the bleeding time for 4-8h in
most uraemic patients, so allowing renal biopsy (unlicensed indication).

Sedation/anaesthesia

o General anaesthesia may be preferable in smaller children and those in
whom sedation has previously failed. This subject is reviewed well at
R http:/fwww.sign.ac.uk. This document recommends that all renal
biopsies in children should be performed under general anaesthesia.
Alternatively, sedation and analgesia may be given as per local policy.
Example: an IV infusion of chlorpromazine (1mg/kg body weight—
maximum 50mg) given over 60min and slow IV injection of pethidine
(Tmg/kg body weight—maximum 75mg). Additional sedation, if
required at the time of the biopsy with IV diazepam (0.2-0.4mg/kg body
weight) or IV midazolam (0.1mg/kg body weight; e.g. chlorpromazine
1mg/kg—max dose 50mg).

Older children with extraperitoneal transplants can often be biopsied
with local anaesthesia +/— Entonox® alone.

Procedure

o Children undergoing native renal biopsy should be placed in the prone
position.

o A rolled sheet or firm sponge bolster placed under the lower ribs/
upper abdomen will help to ‘fix’ the position of the kidneys.

o Real time US guidance will:
« allow pre-biopsy confirmation of the presence of two kidneys;
« confirm the absence of severe hydronephrosis/other abnormality;
* allow the tip of the needle to be visualized, so the direction may be

altered to avoid the calyceal system and major vessels;

¢ reduce the complication rate.


http://www.sign.ac.uk
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o The use of automated spring-loaded biopsy devices (e.g. Biopty gun) are
associated with lower incidence of complications and smaller number
of passes required to obtain an adequate tissue sample. 14-18G needles
should be used in children; smaller needles are associated with fewer
complications, but volume of tissue obtained is also smaller.

Strict asepsis should be maintained.

Local anaesthetic should be infiltrated at the biopsy site and along the
proposed route of the biopsy needle to the pericapsular region.

The biopsy needle should be passed under real-time US guidance to
the site of biopsy: this should be at the lower pole of the native kidney,
or the most accessible pole of a transplanted kidney, with care taken to
identify and avoid the main renal vessels.

Two adequate cores of renal tissue (see [ ‘Tissue handling’, p.21)
should be obtained.

More than three passes of the biopsy needle should be avoided as this
increases the risk of complications.

Fine needle aspiration of the transplant kidney has been advocated

by some for the diagnosis of acute rejection by the study of intragraft
gene expression. At present, the use of this technique, which may be
associated with a lower rate of complications, is generally restricted to
research protocols.

Tissue handling

o The specimen should be checked under a low power dissection
microscope to ensure adequate cortical tissue has been obtained.
The quality of a renal biopsy depends on the number of glomeruli:

it is generally agreed that 10-15 glomeruli are optimal; very often
6—10 glomeruli are sufficient; in some cases, even one glomerulus

is enough to make a diagnosis, but if the percentage of glomerular
involvement in a biopsy is used to determine the severity of a focal
glomerular lesion, a small biopsy sample size will lead to considerable
misclassification of disease severity. In addition, a small biopsy sample
size will make the exclusion of focal disease difficult.

Banff transplant biopsy criteria define adequacy as the presence in the
sample of 10 glomeruli and 2 arteries.

The sample should be divided into three portions, for LM,
immunofluorescence and electron microscopy (EM).

Post-biopsy observations
o Bed rest for 4 h if possible.
o Encourage adequate fluid intake to ensure good diuresis (unless
oliguric renal failure is present).
Monitor pulse, BP, respiratory rate, and O, saturations for 6 h
post-procedure.
Monitor urine for macroscopic haematuria.
FBC should be checked if there are abnormal observations or
macroscopic haematuria.
o Activity post-biopsy should be restricted as follows:
« stay off school for 48 h;
* avoid lifting, strenuous activity, and running for a week after biopsy;
* avoid contact sports for 6 weeks.
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Complications
o Pain over the biopsy site.
o Complications of analgesia/sedation.
o Macroscopic haematuria (5-7%):
e although transient macroscopic haematuria is seen in 0.8-12%
of biopsies, massive haematuria leading to serious complications
necessitating surgical intervention is not usually seen in the well
selected patient population with normal pre-biopsy screening;
haematuria generally settles conservatively—bed rest and fluids are
recommended to encourage a good urine output. The haemoglobin
needs regular monitoring;
only 1-2% of cases require blood transfusion or are severe enough
to cause clot colic or ureteral/bladder outlet obstruction.
o Microscopic haematuria is almost universal (and many will have had
pre-biopsy microscopic haematuria).
o Asymptomatic subcapsular or perirenal haematomas occur in up to
85% of biopsies:

* more commonly seen if routine post-biopsy US is performed;

* around 1% are symptomatic with pain or anaemia due to blood
loss and, very rarely, collection of subcapsular blood can cause
compression of renal tissue to occur.

o Arteriovenous fistula formation:

incidence depends on how hard they are looked for, but up to 15%
are found with routine angiography;

most resolve spontaneously;

very rarely cause hypertension or high output cardiac failure
necessitating embolization or heminephrectomy.

o Inadvertent extrarenal organ puncture.

o Mortality rate 0.12% in adult series.

o Requirement for surgery or interventional radiological procedure 0.3%.
o The risk of kidney loss is less than 0.1%.

A recent study from the UK proposed that a major complication rate of
less than 5% is an acceptable standard. Major complications were defined
as macroscopic haematuria requiring monitoring and/or intervention,
a prolonged hospital stay due to the need for analgesia, and hypoxia
requiring intervention and or oxygen post-procedure.

Day-case versus overnight stay

More units are now performing percutaneous renal biopsy as a day-case

procedure, given that most complications that develop will present within

the immediate post-biopsy period. Criteria for discharge might be that:

o The observations are normal.

o The biopsy site looks satisfactory.

o The patient passes urine twice, neither sample of which is heavily
blood-stained.
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Renal histology

Glossary of terms
Table 1.3 lists terms used by pathologists describing renal biopsy material.

Table 1.3 A glossary of histological terms

Term Definition
Minimal Normal appearance by light microscopy. Note that
change electron microscopy may show fusion of podocyte foot

processes, an association with glomerular proteinuria
(Fig. 1.4).

Proliferation

Increase in cell numbers, may be mesangial,
endocapillary or extracapillary (which may form
crescents), e.g. mesangial proliferation = >4 cells per
mesangial area (Fig. 1.7).

Exudation Infiltrated by neutrophils. Example acute post-
streptococcal nephritis (Fig. 1.13).

Membranous Specific type of glomerular basement membrane
thickening associated with subepithelial immune deposits,
e.g. idiopathic membranous nephropathy (Fig. 1.10).

Hyalinosis Accumulation and condensation of plasma proteins
into tissues outside a blood vessel lumen, appears as
homogeneous pink staining with H&E (see ‘H&E’, this
table).

Sclerosis Scar tissue, a fibrous matrix obliterates normal
structure so that capillaries collapse and normal cell
nuclei are lost (Fig. 1.6).

Tubular Thickening and wrinkling of tubular basement

atrophy membrane around a shrunken tubule with flattened
epithelium; implies irreversible tubular damage.

Crescent Collection of cells in Bowman’s space in response to
glomerular damage. Initially only composed of inflammatory
and epithelial cells (cellular crescent), later organizes with
fibrin and collagen (fibrous crescent; Fig. 1.12).

Diffuse Applying to all glomeruli in a biopsy.

Focal Applying to some glomeruli, but not others.

Global Applying to the whole of a glomerulus.

Segmental Applying to part of a glomerulus, i.e. part of the
glomerular capillary tuft is unaffected.

‘Humps’ Deposits of Ig and complement in a sub-epithelial site;
typical of acute post-streptococcal nephritis (Fig. 1.13).

‘Spikes’ Projections of basement membrane between regular

sub-epithelial deposits, typical of membranous
nephropathy.
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Term

Definition

Foam cells

Lipid laden cells, usually histiocytes but also mesangial
or tubular cells, seen in nephrotic syndrome and
Alport’s syndrome.

H&E

Routine histological technique that stains cytoplasm
pink and nuclei blue. Allows inspection of all renal
structures, but is poor at distinguishing deposits or
visualizing the basement membrane.

Periodic acid
Schiff (PAS)

Routine histological technique that clearly delineates
basement membranes and allows visualization of
cellular components.

Silver

Silver stains highlight connective tissue structures, such
as reticulin, basement membrane, and collagen, which
appears black. Very useful for assessment of glomerular
capillary basement membrane architecture such as
‘spike formation’(see ‘Spikes’, this table).

Congo Red

Stain used for the detection of amyloid, which appears
red with ‘apple green’ birefringence using polarized light
examination.

Martius scarlet blue
(MSB)

Stain which highlights fibrin deposits as red, collagen in
blue and erythrocytes in yellow.

Toluidine blue

Stain used primarily to visualize ‘thin sections’ prior to
electron microscopic examination.

Glomerulonephritis

Inflammation of the glomerulus

Tubulointerstitial
nephritis

Inflammation of the tubules and interstitium

Electron dense
deposits

Dark lesions identifiable on electron microscopic
examination, usually corresponding to sites of
immunoglobulin or complement deposition

Immunohistochemistry
(IHC)

Technique for detecting and localizing specific antigens
in tissue sections using a detection system visible on
routine light microscopy, e.g. immunoperoxidase.

Immunofluorescence

(IF)

Technique for detecting and localizing specific antigens
in tissue sections using a detection system visible on
fluorescence microscopy. Sometimes more sensitive
than IHC but requires fresh tissue and is not stable.

Thin BM disease

Age 3—15 years: Thin GBM: 181-236 nm; normal:
242-333nm.

Age 9-68 years: Thin GBM: 262-335nm. Normal:
331-547nm.

“Basket weave”
GBM

The disordered replication of lamina densa of the GBM
in Alport’s Nephropathy (Fig. 1.18)

Modified with permission from Taylor CM, and Chapman S (1989). Renal biopsy. In: Taylor CM
and Chapman S (eds) Handbook of renal investigations in children. Wright, London: 160-71.
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Examples of commonly encountered paediatric renal
disease

Fig. 1.4 shows the normal human glomerulus. Figs. 1.5-1.18 show exam-
ples of relatively common or classical renal pathology in children.

Fig. 1.4 Normal renal biopsy. See Plate 1.
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Fig. 1.5 Minimal change disease. Minimal changes on light microscopy (a). EM of
normal foot-processes (b). Minimal change disease with effacement of podocyte
foot processes (c). See Plate 2.
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Fig. 1.6 Focal and segmental glomerulosclerosis: sclerosis of part of a glomerulus,
not all glomeruli affected (silver stain). A capsular adhesion is present. There is a
propensity for FSGS to affect predominantly the deep, juxta-medullary glomeruli,
so cortical glomeruli may not demonstrate the lesion (false negative renal biopsy).
See Plate 3.

Fig. 1.7 Mesangial proliferative glomerulonephritis. Increase in mesangial cells and
matrix (>4 cells/mesangial area), but without peripheral capillary loop involvement
(PAS). This pattern is most characteristic of Henoch—Schonlein nephritis, IgA neph-
ropathy, IgM nephropathy and SLE, but may be present in many other conditions.
See Plate 4.
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Fig. 1.8 IgA nephropathy. (a) Mesangial proliferation (PAS). (b) Granular immune
complexes containing predominant IgA in the mesangium of most or all glomeruli
(immunohistochemistry) (c) Electron microscopy showing electron-dense deposits
in the mesangium. See Plate 5.
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Fig. 1.9 Membranoproliferative glomerulonephritis type 1. (a) Diffuse increase

in glomerular cellularity with mesangial cell proliferation and lobulation of the
glomerular tufts (PAS). (b) Thickening of the capillary wall caused by circumferential
interposition of mesangial cells and matrix between the endothelium and GBM,
resulting in capillary luminal narrowing and ‘double-contour’ formation on silver
staining. (silver) (c) EM revealing separation of the endothelial cells from the GBM
by interposed mesangial cell cytoplasm and sub-endothelial deposits, resulting in
narrowing of the capillary lumen. See Plate 6.
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Fig. 1.10 Membranoproliferative glomerulonephritis type 2, dense deposit disease.
A wide spectrum of LM appearances may be seen, but the diagnosis is made on

EM examination, which reveals replacement of the lamina densa of the capillary
basement membrane by electron dense material, which may also be observed in
other areas.
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Fig. 1.11 Membranous glomerulonephritis. (a) LM demonstrating thickening of
the glomerular basement membranes with ‘spike’ formation (silver). (b) EM of
membranous glomerulonephritis with thickened glomerular basement membrane
and numerous, regular subepithelial electron dense deposits. See Plate 7.
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Fig. 1.12 Crescentic nephritis. Cellular crescent impinging on glomerulus. (PAS)
Immunohistochemistry was ‘pauci-immune—" compatible with ANCA vasculitis
(in this case Wegener's granulomatosis). See Plate 8.
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Fig. 1.13 Post-infectious glomerulonephritis (acute diffuse proliferative glomeru-
lonephritis). (a) Glomeruli show hypercellularity. There is obliteration of the capillary
lumens (endocapillary proliferation). Some polymorphonuclear leucocytes can be
seen. (PAS.) (b) Coarse granular pattern of staining with IgG in the glomerular
basement membrane (‘lumpy bumpy’ pattern), typical of post-infectious GN (IHC).
(c) EM showing large subepithelial deposits (humps) in the glomerular basement
membrane (arrows). See Plate 9.



34 cHAPTER 1 Patient assessment

Fig. 1.14 Systemic lupus erythematosus. (a) Diffuse proliferative (WHO class 4)
lupus nephritis with endocapillary cellular proliferation and massive subendothelial
deposit forming ‘wire-loop’ and ‘hyaline-drop’ lesions. (b) Immunostaining in such
cases often shows a ‘full-house’ pattern with deposition of IgG, IgM, IgA, and
complement (c) Large electron dense deposits are seen in the subendothelial region
of the glomerular basement membrane (arrow). See Plate 10.
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Fig. 1.15 Tubulointerstitial nephritis. Extensive interstitial infiltration of mononuclear
inflammatory cells and eosinophils with tubular damage. See Plate 11.

Fig. 1.16 Goodpasture’s disease. (a) Linear staining of immunoglobin deposited in
the glomerulus. In Goodpasture’s disease, the autoantibody is directed against an
antigen in the glomerular basement membrane and is deposited in a linear fashion,
in contrast to immune complex mediated disease. (b) Lung of a patient with
evidence of intra-alveolar haemorrhage. See Plate 12.
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Fig. 1.17 Haemolytic uraemic syndrome. (a) A glomerulus affected by thrombotic
microangiopathy with luminal reduction and double-contour formation (silver)

(b) Electron micrograph demonstrating subendothelial widening containing fibrin-like
material. See Plate 13.
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Fig. 1.18 Alport’s syndrome. EM demonstrating irregularity of the basement
membranes and the characteristic lamination (‘basket weave’) of the lamina densa.

Further reading
Taylor CM, and Chapman S. (1989). Renal biopsy. In: Taylor CM and Chapman S (eds) Handbook
of renal investigations in children. Wright, London: 160-71.
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Genetic testing and antenatal diagnosis

The discovery of genes coding for new diseases has increased rapidly since
the decoding of the human genome. The genetic predisposition for many
disorders is increasingly recognized but the ability to test for these genes
in a clinical context is lagging behind. The dramatically reduced costs
through the advent of new sequencing technologies (see LLI ‘Tests used in
making a genetic diagnosis’, p.39), should enable testing for most genetic
disorders in the near future.

Copy number variations

Increasingly, so-called copy number variations (CNV) are recognized as
causes of inherited diseases. In most cases it is a deletion, so that instead
of the usual 2 copies of a gene, only one copy is present, e.g. half of all
mutations identified in HNF1B are whole gene deletions. An excess
number of copies (3 or more) can cause disease.

Clinical genetic testing

This differs from research testing:

o Clinical genetic testing is performed in an accredited laboratory that
has been demonstrated to fulfil the necessary quality criteria.

o Research testing is performed in a research laboratory not accredited

for clinical testing, .. research test results should not be used for

clinical decision making.

In the UK, clinical genetic tests are performed under the umbrella of

the UK Genetic Testing Network (UKGTN; R http://www.ukgtn.nhs.

uk/gtn/Home).

Genetic tests approved by the UKGTN are usually covered under

the NHS. However, for tests not available under this network, extra

funding must be secured. Even if a test is available, genetic testing

should be considered carefully.

Reasons for genetic testing

Precise diagnosis

Apart from the psychological benefit to patient and family of being recog-
nized as suffering from a specific disease, a precise diagnosis is critical to
the instigation of proper treatment and counselling.

Supporting clinical management
The most important reason.

Example: in steroid-resistant nephrotic syndrome, if a patient with this

diagnosis is found to have to pathogenic mutations in NPHS2 (podocin),

this has immediate consequences for further treatment for a number of

reasons:

o Obviates the need for a kidney biopsy.

o Influences the choice of medications (see [ ‘Overview of inherited
glomerular diseases’, p.182).

o Informs discussions regarding suitability of living donor transplantation.

Increased availability of genetic testing and thus more genetic diagnosis
will enable correlation between genotype and phenotype, which can then
inform the prognosis and management of other affected patients.


http://www.ukgtn.nhs.uk/gtn/Home
http://www.ukgtn.nhs.uk/gtn/Home
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Precise genetic counselling

Identification of a specific mutation allows determination of carrier or
affected status in other family members. In some conditions, early diag-
nosis is critical for optimal outcome, e.g. cystinosis or nephrogenic diabetes
insipidus. Parents can also be offered prenatal testing for selected disorders
with appropriate counselling.

Concerns about genetic testing

Psychological burden

Presenting someone with a genetic diagnosis can be very distressing,
especially if the person has experience of the diagnosis from other family
members. Genetic testing should only be considered if the diagnosis can
have beneficial consequences. In children, it is advisable to wait until they
are old enough to decide for themselves. A typical example is genetic
testing in autosomal dominant polycystic kidney disease (see L ‘Autosomal
dominant polycystic kidney disease’, p.324). If therapeutic interventions
are available, then the diagnosis should be established to allow affected
patients to benefit.

Discrimination

Making the diagnosis of an inherited condition could stigmatize a person
and affect their ability to obtain insurance, a job, or a mortgage. Some
countries have legislation against this discrimination, but enforcement is
difficult.

Tests used in making a genetic diagnosis

Karyotype

A well-established method in which chromosomes are stained and ordered
according to size from 1 to 23, plus 2 sex chromosomes. This test can
detect abnormalities in chromosome number (such as trisomy 21), as well
as major structural abnormalities in a chromosome.

Sequencing

This refers to the determination of the order of the nucleotide bases in a

molecule of DNA. Typically, this is used to identify a mutation in a gene

associated with the patient’s disease. Different methods are in use.

o Sanger sequencing: conventional form of sequencing that can decode
nucleotide sequence for typically 500-800 base pairs. Is expensive and
labour-intensive. To reduce costs, sometimes only specific regions
of a gene known to harbour most mutations are assessed. If this
limited mutation screening is unsuccessful or mutations are known
to be scattered throughout the whole gene, the entire gene must be
sequenced.

Sanger sequencing has been frequently replaced by:

o ‘Next-generation’ sequencing: various technologies for next-generation
sequencing exist, but they all share key features—they dramatically
reduce the cost for sequencing but can only decode short stretches
of DNA (20400 base pairs, depending on technology). For sufficient
accuracy these stretches need to be sequenced many times over (also
called ‘resequencing’) and the results are assembled by computer
software. The cost reduction of these new technologies can be
substantial:
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« the decoding of the first human genome using Sanger sequencing
was completed in 2005: it took 15 years at a cost of $2.7 billion;

 in 2010, a study was published in which an individual genome was
sequenced in a few weeks using next-generation sequencing for less
than $50.000.

Multiplex ligation-dependent probe amplification

Multiplex ligation-dependent probe amplification (MLPA) is a technique
used to assess CNV (or gene dosage) of a defined stretch of DNA (e.g.
an exon of a gene).

Fluorescent in situ hybridization

Fluorescent in situ hybridization (FISH) is another technique used to assess
CNV for a defined region of DNA. Typically used in the diagnosis of dis-
eases caused by a defined microdeletion, such as Williams syndrome.

Both MLPA and FISH are increasingly being replaced by:

Array comparative genomic hybridization

Comparative genomic hybridization (CGH) is a technique used to assess
CNV of longer stretches of DNA (e.g. a gene or several neighbouring
genes (‘microdeletions’). The advantage of this technique is that the whole
genome is assessed, rather than specific stretches and so it is an extension
of the karyotype with a much finer resolution. Especially useful in patients
with unclear syndromic features, but can also detect known microdeletion
syndromes.

Linkage analysis

Mostly used in research to identify new disease genes, but can also be
used to assess individual patients, in conjunction with other affected family
members. Rather than identifying a specific mutation, identifies whether an
individual has inherited a given stretch of DNA harbouring the mutation.

Example: in a family with ADPKD, linkage analysis could identify whether
a patient has inherited the same copy of the PKD gene that all the other
affected family members share. Next-generation sequencing and thus the
ability to cheaply assess even very large genes means that linkage analysis
will become less commonly used for diagnostic purposes, although still is
an important research tool in identifying disease-causing genes in single-
gene disorders.

Single nucleotide polymorphisms array

Tests for single nucleotide polymorphisms (SNP), which by definition are

common sequence variations (present in >1% of the population). Modern

arrays can test for more than a million SNP simultaneously. Variations have

occurred over time and accumulated in the genome and it is important to

understand that:

o The vast majority have little or no functional effect.

o They are located anywhere in the genome, mostly outside of coding
regions.

o If they had a substantial functional effect, there would have been
evolutionary pressure for this variation to disappear (if it was a
deleterious) or to become common (if it was a beneficial).
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o Only rarely has an identified SNP actual functional significance

(especially important in interpreting the results of the commercial SNP

array tests).

Having a SNP associated with a given disease does not mean that

the disease will actually develop, but only that in previous studies a

statistically significant higher percentage of patients with the disease

have this SNP compared with controls and it is most probable that the

SNP is often inherited together (i.e. ‘in linkage disequilibrium’) with a

functionally relevant sequence variation, still to be identified.

Mainly tag a block of DNA in their immediate genomic vicinity that

is commonly inherited together (a so-called haplotype), which may

harbour the true disease-causing mutation.

SNP arrays are used in both linkage analysis and in genome-wide

association studies.

o Some SNP may have a disease-modifying effect or can be causal in
association with other sequence variations (often in other genes) or
environmental factors.

Example: R229Q polymorphism in NPHS2—patients homozygous for
this variation do not develop steroid-resistant nephrotic syndrome, but
in combination with a true pathogenic mutation this variation is thought
to be disease-causing. Associated with microalbuminuria in the general
population.

Genome-wide association

Genome-wide association (GWA) study is a research tool used to identify
the genetic contribution in multi-factorial diseases. In contrast to linkage
analysis, GWA is used if a disease is thought to have a genetic contri-
bution, but is caused by the interplay of several genes or environmental
factors.

Recent examples: the identification of several SNP associated with diabetes
or membranous nephropathy. Important to understand that the identified
SNP only have a statistical association with the disease, but usually are
not causal themselves, but are in close vicinity to the actual underlying
sequence change and thus inherited together.

Antenatal diagnosis

A fetal abnormality

May be:

o Detected on US during routine screening.

o Specifically looked for using US because of a family history.
o Diagnosed using molecular techniques.

Molecular studies are justified if early intervention or treatment improves
the outcome or when the condition has a poor prognosis and the family
would opt for termination of pregnancy.
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DNA from the fetus

Can be obtained by:

o Chorionic villus sampling:
e is undertaken at 10-12 weeks gestation;
¢ the villi contain ample DNA for analysis;
e there is a risk of miscarriage of 1-2%.

o Amniotic fluid:
* can be obtained from 15 weeks gestation;
* 3 weeks are needed for the amniotic cells to grow to obtain

enough DNA;

* there is a risk of miscarriage of 0.5%.
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The fetus and birth

Kidney development commences at 5 weeks gestation. By week 9 the first
glomeruli are formed and by week 34 nephrogenesis ceases, when there
are around 1 million glomeruli in each kidney. A bladder is detectable
by week 9, and thereafter fetal urine contributes to over 90% of liquor
volume.

Important factors in the antenatal and birth history

o See [ ‘History and examination in children with or with suspected
renal disease’, p.2.

o 90% of infants pass urine within 24h.

o Weight loss over 10% of birth weight is significant.

o Transient proteinuria may occur in the first days of life.

o Plasma creatinine reflects maternal levels at birth.

o Plasma creatinine may rise in the first 3 weeks of life in premature
infants due to tubular reabsorption.

o Plasma bicarbonate may be lower than expected as the renal
threshold for bicarbonate is 18-20mmol/L, rising to 24-26mmol/L
by 1 year of age.

Commonly used drugs administered during pregnancy that affect the

fetal kidney

o Angiotensin converting enzyme inhibitors (ACEls) affect placental
perfusion and inhibit nephrogenesis.

o Non-steroidal anti-inflammatory drugs (NSAIDs) affect fetal renal
perfusion. May cause renal cysts and chronic kidney disease (CKD).

Polyhydramnios

Polyhydramnios occurs in approximately 1% of pregnancies. In the
majority of cases there is no underlying fetal abnormality, but maternal
problems such as diabetes may be present. If a fetal abnormality is present,
the majority are in the gastrointestinal (Gl) tract (decreased swallowing of
liquor). Only a small proportion of polyhydramnios is caused by fetal renal
disease, typically Bartter’s syndrome (see LLJ Chapter 7, p.139).

Oligohydramnios
o Bilateral urinary tract obstruction.
o Renal agenesis.

Raised alfa-fetoprotein

Present in all conditions with leakage of fetal protein, such as:
o Neural tube defects.

o Congenital nephrotic syndrome (CNS).

o Epidermolysis bullosa.
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‘Bright’ kidneys

Causes of ‘bright’ kidneys diagnosed on antenatal

ultrasound scans

o Renal dysplasia (usually small £ cysts): may be isolated; in association
with vesicouteric reflux (VUR) or obstruction; or as part of a
syndrome.

o Autosomal recessive polycystic kidney disease (ARPKD; usually large
with small cysts).

o Autosomal dominant polycystic kidney disease (ADPKD; usually large
with large cysts and may be asymmetrical).

o Glomerulocystic disease (typically HNF1B deletions/mutations; usually
large).

o Beckwith—-Wiedemann syndrome (visceromegaly, macroglossia,
hemihypertrophy, hypoglycaemia).

o CNS.

o Congenital infection.

Causes of ‘bright’ kidneys diagnosed on postnatal
ultrasound scans

All of the causes diagnosed by antenatal ultrasound, and also:
o Bright cortices may be normal in the neonate.
o Acute tubular necrosis.
o Renal venous thrombosis (see L ‘Renal venous thrombosis’, p.47).
o Neonatal nephrocalcinosis:

e common in preterm infants, particularly if they have been on

diuretics or IV feeding;

« distal renal tubular acidosis;

« for other causes of nephrocalcinosis, see L Chapter 8, p.173.
Nephroblastomatosis.

Primary hyperoxaluria.

May be transient, due to protein precipitation in the renal tubules.
Neonatal Bartter syndrome (see [l ‘Disorders of renal salt handling:
thick ascending limb’, p.148).
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Neonatal disorders of fluid balance

Fluid homeostasis in the neonate is compromised because

o The kidneys receive only 15-20% of the cardiac output (25% in adults).

o The GFR (ml/min/1.73m?) in the premature infant is 10-15 and 15-20
in the term infant. These values double over the first 2 weeks after
birth and reach adult values of 80-120 by 1-2 years of age.

o Maximum urine concentrating capacity is low at birth (up to
600mOsm/kg) and increases over the first 2 months of life and then
progressively over the first year of life.

Neonatal hypernatraemic dehydration

o A complication of inadequate breast milk production that may go
unrecognized, particularly in the first child who is exclusively breast fed.

o If severe, venous and/or arterial thrombosis, and AKI may occur.

Neonatal acute kidney injury

See [[J Chapter 17, p.377.

o A common problem in the neonatal intensive care unit (ICU).

o May be associated with perinatal asphyxia, circulatory insufficiency due
to sepsis, dehydration, or cardiac disease, drug therapy, bilateral renal
arterial, or venous thrombosis (see [ ‘Renal venous thrombosis’,
p.47), congenital or structural renal disease.

o The principals of management are the same as for the older child,
except that urinary sodium <20mmol/L, FeNa <2.5% and urine
osmolality >400mOsm/kg suggests pre-renal acute kidney injury (AKI)
in neonates, compared with <10mmol/L, <1% and >500mOsm/kg,
respectively, in older children.
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Renal venous thrombosis

Renal venous thrombosis (RVT) may occur wherever there is vessel wall

damage, reduction in blood flow, alteration in blood composition, or an

inherited procoagulant tendency. Thrombosis starts in the arcuate or

interlobular veins of the kidney, and then spreads to the main renal vein.

This is why anticoagulation is often unsuccessful when a clot is already

identified in the main renal vein, and why the term renal venous throm-

bosis (RVT), rather than renal vein thrombosis should be used.

o RVT is the commonest form of venous thrombosis in neonates.

e It may develop antenatally in association with fetal stress so perinatal
RVT may be a more appropriate term than neonatal RVT.

o Predisposing factors are dehydration, sepsis, maternal diabetes, birth
asphyxia, umbilical venous catheters, and procoagulant defects.

o RVT presents with haematuria, renal mass(es), fall in haemoglobin, and
thrombocytopaenia.

o AKI with a rising creatinine will occur if bilateral.

Investigations

o Urgent US including Doppler studies when decreased renal blood flow
will be seen. It is important to look in the arcuate and interlobular
veins, as well as the main renal veins, inferior vena cava (IVC), and
heart. Measurement of renal length at presentation is important as
there is evidence that the most swollen kidneys are the ones that fare
worst.

o US can be used to give ongoing information on the restoration or lack
of renal blood flow and of renal length, which will show shrinkage if
the kidney has infarcted. Calcification may be seen in infarcted tissue
after 6 weeks.

o Procoagulant screen including: protein C/S, antithrombin levels,
Exner, DRVVT, and anticardiolipin levels, Factor V Leiden (1691GA),
methylenetetrahydrofolate reductase (MTHFR) and prothrombin
(2021GA) mutations.

o Itis important to note that the clot, any acute phase process, and
anticoagulants may affect the protein C, S, and antithrombin levels.
Therefore, if levels are low acutely, they need to be repeated after
recovery.

o DMSA scan after 3-6 months for evidence of renal damage.

CKD management is necessary in those with bilateral damage on

DMSA scan.

Treatment

o There is no evidence regarding who may benefit from anticoagulation
in RVT, so each case is considered on an individual basis.
Heparinization may prevent extension of the thrombus. Some advocate
tissue plasminogen activator (TPA/alteplase) if the clot is bilateral or
extends into the [VC (see Box 2.1).

Before considering anticoagulation, intracranial bleeds (which may be
made worse) must be excluded using intracranial US, particularly in
very premature infants.
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Box 2.1 Administrative protocols

Protocol for administration of recombinant tissue plasminogen activator:

o Heparin must be stopped for at least 3h.

o Give 0.1mg/kg over 10min then 0.3mg/kg/h over 3h.

o If the treatment is not completely successful, TPA (alteplase) can be
repeated at an increased dose of 0.4mg/kg/h over 3h after 12-24h.

o Allinvasive procedures should be avoided.

o The plasma fibrinogen should be maintained at >1.5g/L during the
infusion.

o Heparin is started at the end of the infusion at 100units/kg/day.

o Contraindications are recent surgery, intracerebral, or other severe
bleeding.

o Correct thrombocytopenia and other coagulation deficiencies.

o Normalize the blood pressure (BP) as far as possible.

Long-term complications

o Hypertension.

o CKD (may be progressive if bilateral).

o If IVC clot, the development of collaterals, which may make difficult
the future use of the femoral veins for dialysis access and the use of
the IVC for renal transplantation. Such babies will need imaging of their
abdominal vessels pretransplant.
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Antenatal diagnosis of structural renal
abnormalities

Before antenatal ultrasound (US) scanning became routine, few congenital
malformations of the kidneys and urinary tract were diagnosed until they
caused symptoms in infancy, childhood, or occasionally adult life. Now the
great majority are identified in utero and can be managed prospectively.
They are potentially important because they may:

o Be associated with abnormal renal development or function.

o Predispose to postnatal infection.

o Cause urinary obstruction that requires surgical treatment.

o Occasionally be associated with aneuploidy or syndromes.

The antenatal detection and early treatment of urinary tract anomalies
provide an opportunity to minimize or prevent progressive renal damage.
A disadvantage is that minor abnormalities are also detected, most com-
monly mild unilateral renal pelvic dilatation, which do not require inter-
vention, but may lead to over investigation, unnecessary treatment and
unwarranted parental anxiety. It must be remembered that the manage-
ment of the child who presents with symptoms is not the same as those
that present with abnormalities on the antenatal scan.

Classification of antenatal ultrasound abnormalities

o Renal tract dilatation, which may be of the renal pelvis and/or
calyces (hydronephrosis) and/or ureter (hydroureteronephrosis);
see Table 3.1.

o The bladder may have diverticulae, be thick walled and/or show poor
emptying; a dilated posterior urethra may be seen.

o Absent kidney(s).

o Large, small, echogenic, or cystic kidneys.

Table 3.1 Major causes of antenatal renal tract dilatation

Transient hydronephrosis (normal postnatal scan) 50%
Hydronephrosis with no evidence of obstruction; or extrarenal pelvis 15%
PUJ obstruction 1%
VUR 9%
Megaureter (obstructed, refluxing, non-refluxing and non-obstructed 4%
or both refluxing and obstructed)

Renal dysplasia 3%
MCDK 2%
Duplex kidney +/— ureterocoele 2%
PUV 1%

Others 5%
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Key points

o High resolution 2-D US allows detailed assessment of the kidneys and

urinary tract from the second trimester of pregnancy.

The incidence of antenatal renal tract dilatation (hydronephrosis) is

around 1in 200 pregnancies.

o There are many causes of antenatal renal tract dilatation; detection

does not necessarily indicate the presence of obstruction in the

affected kidney.

Abnormalities of other organ systems may sometimes co-exist with

renal anomalies.

It is important to remember that following the detection of antenatal

renal tract dilatation, around 50% of postnatal scans will subsequently

be normal.

® Whenever a fetus or infant is being assessed, it is essential to take a
complete antenatal history including details of all of the investigations
performed to date.

Technical issues
o Antenatal US scans are usually undertaken routinely at 12-14 and 20
weeks gestation. Many abnormalities appear early, but PUV and others
may be missed without a third trimester scan.
Measurement of renal length. Allow Tmm per week of gestation,
e.g. the length of the kidney in a 34-week gestation fetus is
approximately 34mm.
Renal pelvic dilatation is assessed by measurement of the maximum
antero-posterior (AP) pelvic diameter in the transverse plane (not
including the calyces), known as the transverse pelvic diameter (TPD).
o There is much debate regarding cut-off points for isolated renal pelvic
dilatation above which postnatal investigation should be initiated:
¢ AP diameters of between 5 and 15mm have been proposed as
the cut-off point above which postnatal investigation should be
performed;
lower cut-off points will increase the number of investigations
performed postnatally (higher false positive rate) and enhance
parental anxiety. Number of abnormalities detected will increase,
but these are likely to be cases of mild non-dilating vesicoureteric
reflux (VUR), which are unlikely to be of clinical significance.
o Careful assessment of the bladder and ureters should be performed:
« detection of calyceal and/or ureteric dilatation is of great

significance as their presence increases the likelihood of a significant

urological abnormality being present; more intensive postnatal

investigation is therefore warranted;

detection of bilateral pelvic dilatation at any time must be

considered significant and increases the likelihood of significant

urological abnormality being present; more intensive postnatal

investigation is therefore warranted.

o Liquor volume needs careful assessment.

o Itis possible to mistake the adrenal gland for the kidney in cases where
the latter is absent.

51
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Indications for antenatal referral to a fetal therapy unit

The following antenatal abnormalities need referral to a fetal therapy unit

for discussion with a nephrologist/urologist (see Figs. 3.1-3.3):

o Oligohydramnios.

o Abnormal bladder: thick wall, ureterocoele, absent bladder.

o Abnormal renal parenchyma: echogenic, large or small kidneys, cystic
change.

° Bilategral renal tract dilatation where the TPD is >15mm.

o Solitary kidney where the TPD is >15mm.

o Other major anomalies.

The management of antenatally-detected renal tract dilatation is outlined
in Figs. 3.1-3.3.

This protocol recommends that postnatal investigations are restricted
to those infants in whom hydronephrosis (TPD diameter of >10mm) is
detected at 32 weeks gestation (see Fig. 3.2).

All infants where bilateral hydronephrosis (TPD diameter of =6mm),
hydronephrosis in a single kidney (TPD diameter of =émm) or
hydronephrosis associated with ureteric dilatation is detected should
undergo postnatal investigation (see Fig. 3.3).

18-20 week scan
Hydronephrosis: TPD 26mm

Unilateral with no
evidence of ureteric
dilatation

Bilateral
. o Repeat scan at 32 weeks
in solitary kidney

or
associated ureteric dilatation

| TPD =10mm and unilateral

| TPD <10mm and unilateral |

Follow Fig. 3.3 | | Follow Fig. 3.2 | Discharge, no
postnatal investigations

Fig. 3.1 The antenatal scan findings, indicating those that require further follow-up
and investigation and those that can be discharged.
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Unilateral antenatal Start prophylactic Postnatal US scan
hydronephrosis 210mm trimethoprim at birth at 1 week
I

Bilateral
hydronephrosis
TPD 26mm or associated
ureteric dilatation

Follow postnatal
\sectiin of Fig. 3.3

Obstruction on No obstruction on
MAG 3 or <40% MAG 3 and >40% function
function

TPD 10-15mm with
no calyceal dilatation

TPD <10mm with

TPD >15mm or <15mm
no calyceal dilatation

with calyceal dilatation

MAG 3 renogram
(furosemide at time 0)

Repeat US scan

Stop antibiotics
at 3 months

and discharge

no calyceal dilatation
Repeat US scan at
6 and 12 months

Hydronephrosis
persists at 12 months

Refer to nephrology/urology

DMSA and follow
VUR protocol

Fig. 3.2 Postnatal management for unilateral hydronephrosis diagnosed antenatally.

Bilateral hydronephrosis
or hydronephrosis in
a solitary kidney or
hydronephrosis + ureteric

dilatation
I
! 1 1 1
Normal amniotic

Oligohydi i
Igohydramnios fluid volume at least

one side TPD <15mm

Repeat scans
every 4 weeks

Bilateral ‘Abnormal renal
TPD >15mm parenchyma

Refer to a fetal
therapy unit

Posterior urethral valves US and MCUG, within 3 days
or other urological ~ «—— if largest antenatal TPD >10mm SR e
abnormality including PUJ otherwise at 7 days
or VU] obstruction
l VUR, no other
abnormalities

No VUR or other Normal MCUG Normal MCUG
diatation <1omm || dilatation 210mm or
with no calyceal or|| calyceal or ureteric
ureteric dilatation || dilatation on either side

DMSA and follow

Rer Repeat US scan at

3 months and follow Fig. 3.2 l VUR protocol
urotogy from double-bordered AG 3 raagem

[ereUEig g MAD 5 (furosemide at time 0)

B i (e il and refer to urology
not need repeating)

Fig. 3.3 Postnatal management for bilateral hydronephrosis, hydronephrosis in a
solitary kidney or associated ureteric dilatation detected antenatally.
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Ultrasound

o The difficulty is to distinguish neonates with abnormalities that need
further assessment and treatment from those who need conservative
management. US is the first investigation:

* where unilateral hydronephrosis is present without ureteric
dilatation (see Fig. 3.2), this should be performed at 1 week as the
neonate is relatively oliguric for the first few days of life;

e where hydronephrosis is bilateral, present in a solitary kidney or
associated with ureteric dilatation (see Fig. 3.3) this should be
performed along with a micturating cystourethrogram (MCUG)
within 3 days of birth if the largest TPD was >10mm, otherwise
within 7 days. This is the case even if the hydronephrosis was shown
to subsequently resolve during later pregnancy.

o US should include:

* measurement of renal length, and assessment of appearance and
echogenicity;

¢ measurement of the maximum renal pelvic diameter in the

transverse plane (not including the calyces) and ureteric dilatation.
A dilated renal pelvis with no dilatation of the ureter may signify a
pelviureteric junction abnormality. Dilatation of the pelvis and ureter
may signify a vesicoureteric junction (VU]) abnormality or VUR;
Assessment of the calyces;

Appearance of the bladder with measurement of wall thickness,
presence of ureterocoeles and, if the baby passes urine during

the examination, post micturition residue. Views of the posterior
urethra can be obtained in boys;

* Spinal views can be obtained if a neuropathic bladder is suspected.

MCUG

Indications for an MCUG:

o Bilateral hydronephrosis or ureteric dilatation in a solitary kidney
(Fig. 3). This should be performed within 3 days of birth if the largest
TPD was >10mm and otherwise within 7 days. This is the case even if
the hydronephrosis was shown to subsequently resolve during later
pregnancy.

o Distended or thick walled bladder.

o Duplex kidney associated with hydronephrosis.

MAG3

The MAG3 scan can be undertaken at 1 to 2 months of age. It gives infor-
mation on the function of each kidney relative to total.

e Good function is >40%.

o Moderate 20—40%.

o Poor <20%.

It must be noted that the drainage curve is unreliable in the neonate and
will over diagnose obstruction because it is dependent upon:

o Renal function.

o Hydration and urine flow rate.

o Bladder fullness.

o Posture and pooling in a dilated system.
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Long-term outcome studies of renal pelvic dilatation secondary to pelviu-
reteric junction (PUJ) obstruction have provided the following information:
o All kidneys that showed deterioration in function had a TPD >20mm.

o A sustained increase in dilatation may precede deterioration in
function.

o There is a very high risk of deterioration in function (60%) if the TPD is
>30mm and pyeloplasty in the first 6 months of life is recommended.

o Of infants with renal pelvic measurements between 20 and 30mm with
good function one-quarter remain stable, and some may improve by
the age of 3—4 years.

o The more severe the calyceal dilatation the greater the risk of
deterioration.

Surgery is recommended:

o Ininfants who develop symptoms.

o When there is progressive dilatation as measured by US.
o When there is deterioration in function on MAG3 scan.
o If the renal pelvic transverse diameter is >30mm.

Other renal anomalies

The following may also be detected and are discussed elsewhere: note
that where evidence of one or more of these is detected antenatally, this
should prompt referral to a fetal therapy unit:

o Cystic kidneys.

o Echobright kidneys.

o Multicystic dysplastic kidney (MCDK).

o Solitary kidney.

o Ectopic, horseshoe, and duplex kidneys.

Further reading

Dhillon HK (2002). In: Thomas DPM, Rickwood AMK, and Duffy PG (eds) Prenatal Diagnosis.
Essentials of Paediatric Urology. Martin Dunitz Ltd, London, 97-104.

Burge D, Griffiths M, Steinbrecker H, and Wheeler R (2005). Paediatric Surgery, 2" edn. Hodder
Arnold, London, pp. 435-9.
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Renal agenesis

Introduction
o True unilateral renal agenesis is caused by a failure of the ureteral bud
to communicate with the metanephric blastema in the first few weeks
of gestation.

o A number of cases of apparent renal agenesis will represent multicystic
dysplastic kidneys that have undergone spontaneous regression.
The reported incidence is 1in 500 to 1 in 3,200.

Diagnosis is now most commonly made on antenatal renal US.

May go undetected and be diagnosed incidentally later in life, e.g. at
time of US scan for unrelated issues, particularly if antenatal scanning is
not performed.
o May occur in association with anomalies in other organ systems, e.g.
vertebrae, genitalia, intestines, anus, limbs, heart, trachea, ear, and CNS.
Almost 50% of children have associated congenital abnormalities of the
contralateral kidney:

* VURin 28%;

* PUJ and/or vesicouteric junction (VU]J) obstruction in 20%.

There is an increased incidence of asymptomatic renal malformation
(9%), most frequently unilateral agenesis (4.5%) in first-degree relatives
of patients with bilateral renal agenesis, bilateral severe dysplasia, or
agenesis of one kidney and dysplasia of the other. US examination of
first degree relatives may therefore be warranted.

Investigation
o Ultrasound:
« for renal size-a solitary kidney should show compensatory
hypertrophy (>2SD above the mean, see Table 3.2 and
L ‘Radiological investigations’, p.12);
« to search for a previously undetected ectopic kidney;
¢ to detect hydronephrosis or hydroureter in the single kidney
suggestive of obstruction or VUR.
o Consider performing a DMSA scan to confirm absence of functioning
renal tissue and to look for ectopically sited kidneys that have not
been detected by US examination. Experienced ultrasonographers may
argue that this is unnecessary and that ectopically sited kidneys can
always be identified.
Consider performing a MCUG where ureteric dilatation is or has been
present (antenatally) to exclude VUR.
o MAGS3 where there is suspicion of either PU] or VU] obstruction
because of pelvic or ureteric dilatation on US without a dilated ureter
or VUR on MCUG.
The contralateral kidney should show compensatory hypertrophy.
Where compensatory hypertrophy does not occur, this suggests the
presence of dysplasia, and assessment of renal function should be
performed (measurement of plasma creatinine or formal measurement
of GFR, dependent upon local centre preference).
e where there is evidence of compensatory hypertrophy and no other
abnormality on US examination the outcome is likely to be very
good and the child can be discharged from hospital follow-up;
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« itis probably sensible that such children have their BP and an early
morning urine dipstick assessed by their family doctor on an annual
basis;

 where there is absence of compensatory hypertrophy, with or
without evidence of abnormality of renal function, the child should
remain under long-term follow-up.

Outcome

Long-term outcome is dependent upon the status of the single kidney.

o Where this is entirely normal, the long-term outlook appears to be
excellent.

o Where dysplasia is present it is likely that progressive deterioration in
renal function will develop in the long-term.

Bilateral renal agenesis

o Rare and almost uniformly fatal. Many fetuses die in utero.

o Fetal anuria results in oligohydramnios from around 16 weeks

gestation, causing the Potter sequence (characteristic facial appearance

with low-set malrotated ears, facial and nasal flattening, and an

underdeveloped chin).

Reduced intrauterine movement results in the development of arm and

leg flexural deformities.

o Death within hours of birth usually occurs secondary to pulmonary
hypoplasia.

e The small number of survivors require CKD 5 management from birth
and have a tendency to develop recurrent pulmonary problems.

o Siblings should have a renal tract US.

Table 3.2 Mean and SD of renal length for age in patients with single
functioning kidneys. Reproduced with permission from Rottenberg
(1996). American Journal of Roentegenology, 167, 1255-9. Copyright

© 1996 by American Roentgen Ray Society

Age range Mean age Mean length SD Number of

(weeks) (weeks) (mm) patients in
age group

04 2 51.0 5.8 13

5-15 9 56.8 6.3 40

17-34 23 62.8 5.6 25

34-52 46 69.6 6.8 18

53-94 63 7.7 79 33

103153 112 78.0 8.0 32

156-207 172 79.6 82 17

208-258 225 86.7 9.5 14

260-312 279 91.0 7.9 12

57
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Horseshoe kidney, renal ectopia, and
duplex kidneys

Horseshoe kidney

o The lower poles (95% of cases) of the kidneys are fused over the
midline by a narrow isthmus of renal parenchyma or fibrous tissue.
The kidneys are sited more caudally than normal.

Incidence 1:500 live births. More common in males.

(VACTERL) association.

Also seen in fetal alcohol syndrome and the infant of a diabetic
mother.

The large majority are asymptomatic and are often undetected
(incidental finding at post-mortem).

Associated with Turner’s syndrome, trisomy 13, 18, 21, and 22, VATER

o A small percentage may be associated with other congenital anomalies

of the urinary tract and other organ systems.
o UTI, haematuria, and abdominal pain are the commonest presenting
features.
Complications of the horseshoe kidney include:
* PUJ obstruction due to the abnormal path of the ureter;

» UTl associated with VUR, which may be present in as many as 50%

of cases;
renal calculi secondary to stasis and infection;
trauma to the isthmus (situated anterior to the spine);

in adults; adenocarcinoma, transitional cell carcinoma, malignant
teratoma, oncocytoma, angiomyolipoma, and carcinoid have all
been reported;

an increased incidence of hypertension is reported (this is likely
to be secondary to renal cortical scarring resulting from VUR
obstruction or dysplasia, rather than the horseshoe kidney itself).
The identification of the isthmus and demonstration of its continuity
with both lower poles may be difficult and missed with US. Diagnosis

increased risk of Wilms’ tumour in children and renal cell carcinoma

can be made by IVU, DMSA, computed tomography (CT) or magnetic
resonance (MR) with a high degree of accuracy. Most would advocate a

DMSA scan in the first instance.

Ectopic kidney

o Failure of ascent of the kidney during embryogenesis results in an
ectopic kidney.

o Most cases are pelvic kidneys, although rare cases of thoracic kidney
have been reported.

o May be unilateral or bilateral.

o They are not reniform in shape and may have associated ureteric
abnormalities, but are usually asymptomatic.
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Crossed renal ectopia

o One kidney crosses the midline and lies in an abnormally rotated
position, below and medial to the normally sited one.

o There may be fusion, the upper pole being fused to the normal kidney’s
lower pole.

o The ectopic kidney is usually hypoplastic.

o The ureter from the ectopic kidney inserts in its normal position.

o It is often associated with ureteric and lower tract lesions.

e Itis common in association with cloacal and anorectal abnormalities.

Duplex kidneys

o These occur in around 1% of the population, are familial and usually of
no significance.

May be bilateral, although unilateral duplication is 5—6 times more
common that bilateral.

Duplication of the ureteric bud results in a duplex kidney and collecting
system, and may be complete or partial. In both cases, the kidney is
usually larger than normal.

If duplication is complete, the kidney has two moieties, each with its
own ureter: the upper pole ureter may be ectopic, draining into the
vagina (causing dribbling of urine) or posterior urethra, and may have a
ureterocoele (which can cause obstruction); the lower pole ureter may
have VUR. Very occasionally, a PU] obstruction may occur in the lower
pole or a moiety may be dysplastic.

Incomplete duplication results in an ‘uncomplicated’ duplex kidney,
with either simply a divided pelvis or two ureters that join before
entering the bladder.

They may present as kidneys of different sizes during US examination.
In this situation it is important to have an estimate of renal centiles in
order to distinguish between a normal and a small kidney, or a large
and a normal-sized kidney. If there is no dilatation of the collecting
system (uncomplicated) no further imaging is necessary.
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The multicystic dysplastic kidney

Introduction

The MCDK

o Developmental abnormality due to failure of union of the ureteric bud
with the renal mesenchyme resulting in a non-functioning kidney that
is replaced by large, non-communicating cysts of varying sizes with no
renal cortex and an atretic ureter. By definition, therefore, it can only
be unilateral in a surviving infant.

Sporadic condition with an incidence of 1 in 2000—4000.

Twice as common in males.

Previously presented as a unilateral abdominal mass on routine
neonatal examination. Now is most frequently detected during
antenatal US examination.

Investigation and diagnosis

o US (repeated in the early newborn period where the abnormality has
been detected antenatally) shows large non-communicating cysts of
varying size with no renal parenchyma.

DMSA scan will confirm absence of renal function on the affected side.
If function is present, the diagnosis may be a severely obstructed PUJ,
the apparent ‘cysts’ being dilated calyces.

The contralateral kidney should show compensatory hypertrophy
(defined as renal length >2 SD above mean; see LI Appendix, p.599).
Where compensatory hypertrophy does not occur, this suggests the
presence of dysplasia, and assessment of renal function should be
performed (measurement of plasma creatinine or formal measurement
of GFR, dependent upon local centre preference).

If there is no other abnormality on US, no further imaging need be
undertaken.

As up to 25% of cases have VUR into the contralateral kidney,

an MCUG should be considered if there is evidence of calyceal or
ureteric dilatation.

There is an increased incidence of PUJ obstruction in the contralateral
kidney (3%).

Complications
o Malignancy:

« whilst case reports of malignant transformation to Wilms’ tumour,
adenocarcinoma and embryonic carcinoma exist, the risk of
malignancy has probably previously been overstated;

« itis not possible to calculate a precise risk of malignancy from
existing data, although it has been estimated that 1600-8000
MCDKs might need to be removed to prevent one Wilms’ tumour.

o Hypertension: MCDK is associated with a slightly increased risk of
hypertension which can be cured by nephrectomy.
o Infection, bleeding into or rupture of cysts if large.
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Management

Conservative

o Most authorities recommend conservative management of the MCDK.
15-year follow-up of a large cohort of conservatively-managed patients
in Nottingham has shown that 62% of antenatally-detected MCDKs will
undergo involution by 10 years (see Fig. 3.4). Kidneys greater than 5cm
were less likely to undergo involution (21 vs. 76% in those <5cm).
Absence of detection on US does not equate with true disappearance
of renal tissue, and the risk of hypertension and other complications
may persist.

Nephrectomy may be indicated for kidneys that have not adequately
involuted by the age of 2 years or if infection, hypertension, or other
complications develop.

Conservatively managed cases should be reviewed with annual BP and
urine stick testing for protein. US, to look for involution of the MCDK
and also for growth of the contralateral kidney, which should grow
above the 50th centile for height and age, should be annual until 2 years
of life and then can be repeated at the age of 5 years if all is well.

Early nephrectomy

o The major advantage of surgery is that it allows the child to be
discharged from all ongoing follow-up (if the contralateral kidney is
normal).

® Some have advocated elective nephrectomy for all patients at around
12 months of age.

o Advances in laparoscopic nephrectomy allow the operation to be
performed as a day-case procedure.

o Surgery has a very low complication rate.

100
90
80
70
60
50
40
30

Survival function (percent)

Years

Fig. 3.4 Involution of all MCDK kidneys.



62 cHAPTER 3 Congenital abnormalities

Pelviureteric junction abnormalities

Introduction

o PUJ anomalies are the commonest abnormality of the upper urinary
tract.

Incidence is around 1:1000.

More common in boys (2-3:1).

Not all cases of renal pelvic dilatation have a significant outflow
obstruction; i.e. the pelvis may be dilated, but not obstructed.

Most cases of obstruction are primary and due to obstruction
secondary to a dysfunctional segment at the PUJ, which is generally
narrower than the normal surrounding ureter (histologically,
disordered bundles of smooth muscle with an excess of extracellular
matrix).

Lower pole aberrant blood vessels crossing the pelvis may sometimes
produce a secondary PU]J obstruction (extrinsic obstruction).
Other causes of secondary PUJ obstruction include ureteral polyps
(intrinsic obstruction).

® More common on the left (2:1).

e May be bilateral in up to 40% of cases.

o The lumen is nearly always patent, albeit narrow and irregular.

L]

[ ]

L

May be intermittent, depending on the rate of urine flow.
May be associated with other renal anomalies, e.g. ectopic kidneys.
May affect the lower pole PUJ in a duplex kidney.

Presentation

o The large majority of cases are now detected in the antenatal period
during routine US assessment; significant PU] obstruction is more likely
when the antenatal hydronephrosis is >20mm.

o Older children may present with acute loin or abdominal pain,

haematuria, a palpable flank mass, infection (including pyonephrosis),

nausea/vomiting, or pelvic rupture following minor trauma.

In extreme form, this is termed Dietl’s crisis.

Pain may subside spontaneously.

o PUJ anomalies may occasionally be detected during radiological
investigation (e.g. abdominal US or CT scanning) for other clinical
problems.

Investigation

The key issue is to distinguish cases of antenatally-suggested PUJ obstruc-
tion, which may lead to progressive deterioration in renal function from
cases of non-obstructive hydronephrosis, which are very likely to undergo
spontaneous resolution.

Ultrasound

o Older children not detected through antenatal US screening will most
commonly initially undergo US assessment of the urinary tract.

o Measurements of the renal pelvis should be the antero-posterior
pelvic diameter in the transverse plane (not including the calyces).
A dilated renal pelvis with no dilatation of the ureter may signify a
PUJ abnormality.
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o The major differential diagnoses include an extra renal pelvis, a
peripelvic renal cyst, non-obstructive hydronephrosis, obstructed or
non-obstructed megaureter, and VUR.

o If the calyces are not dilated, obstruction is unlikely.

o US alone cannot diagnose obstruction as functional information is not
provided.

MAGS3 scan (dynamic renography)

o Required for confirmation of the diagnosis.

o This investigation is dependent upon a number of factors including the
hydration status of the patient, the positioning of the patient, and the
timing of administration of isotope and diuretic, and can be difficult to
interpret.

Produces information on differential renal function, the clearance of
the isotope and analogue pictures, which show the anatomy of the
collecting system; this will allow distinction between PUJ (no isotope
seen in ureters) and VU] obstruction (isotope in ureters).

In the presence of obstruction, isotope accumulates within the kidney
and the drainage curve continues to rise even after change of posture
or diuretic to encourage drainage (Fig. 3.5).

Intravenous urogram

o Traditionally has been the investigation of choice for the diagnosis
of PUJ obstruction in adults and older children, but has now been
replaced by radioisotope imaging.

o Provides good anatomical and some functional information (although
not quantitative relative function), but the radiation dose is significantly
higher than the MAG3 scan.

o Works less well in poorly functioning or immature kidneys.

Indications for surgical intervention

o The presence of clinical symptoms is always an absolute indication for
surgery.

o Surgical intervention in antenatally-suggested PUJ obstruction is a
controversial subject:

« only around 25% of such cases will develop clinical problems

or evidence of deteriorating renal function requiring surgical
intervention;

there has therefore been a move away from early intervention to
close monitoring with serial imaging;

» where the renal pelvic transverse AP diameter is <2.0cm, surgery is
rarely necessary;

« few urologists would recommend operative intervention solely on
the presence of an obstructive curve on the MAGS3 scan;

* most would operate only if (i) the differential function of the
affected kidney falls to <40%, (ii) there is a fall in differential function
of >10% during follow-up or (iii) there is increasing dilatation of the
kidney during follow-up.

o The aim of surgery is to improve the function or prevent further
deterioration of the affected kidney.
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Fig. 3.5 MAG3 isotope renogram, with (a) posterior analogue images and (b) time-
activity curves, showing showing rapid uptake of isotope in right kidney with rapid
excretion, and rapid uptake but poor drainage with ongoing accumulation of isotope
in the left kidney. Findings consistent with a diagnosis of a left PUJ obstruction.
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o It has been suggested that the chances of improving renal function are
greatest when surgery is performed in the first year of life.

o Complications associated with the conservative management include:

* potential for progressive deterioration of the function of the

affected kidney;

haematuria;

loin pain;

urinary stasis resulting in UTI and calculus formation

(the combination of obstruction and infection has the potential to

rapidly destroy renal tissue).

Surgery

o Open pyeloplasty (Anderson Hynes) is the most frequently undertaken
surgical procedure.

o Laparoscopic techniques are increasing in popularity.

o Where differential function is very poor (<10-15%), there is a case
for draining the kidney via a nephrostomy: if function improves, a
pyeloplasty is indicated; whereas if function remains poor nephrectomy
should be considered.

o Recommended follow-up: US scanning (at around 2 months) and
MAG3 scanning (at around 6—12 months). These should show
improvement in hydronephrosis with improved drainage with
stabilization or improvement in differential renal function.
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Megaureter

Megaureter describes an abnormally wide ureter and is classified as
obstructed, refluxing, obstructed and refluxing, or non-refluxing/non-
obstructed.

Primary megaureter (PM)

o Includes cases of obstructed and non-obstructed megaureter where
secondary causes (urethral obstruction, bladder outlet obstruction,
etc.) have been excluded.

® More common in boys.

o More often involves the left ureter.

o 25% of cases are bilateral.

o Where unilateral, 10-15% of cases have an absent or dysplastic
contralateral kidney.

o Most frequently diagnosed on routine antenatal US.

o Other cases (primarily obstructed PM) present in infancy, often with

significant illness and urinary sepsis.

Renal calculi can form within the dilated system causing pain and

haematuria.

Non-obstructed primary megaureter

o The majority of PM is non-obstructed with no evidence of VUR.

o The aetiology is unclear.

o Can be managed conservatively as the risk of deterioration of renal
function is very low.

Obstructed primary megaureter

o Functional obstruction occurs because of an aperistaltic section of
distal ureter that cannot adequately transport urine.

o Requires surgical correction (re-implantation of distal ureter).

Investigation

o PMis most frequently detected during routine antenatal US
assessment.

o Postnatal US will show and quantify the extent of hydronephrosis and
hydroureter.

o A MCUG should be performed to diagnose or exclude VUR, and help
eliminate secondary causes of megaureter (posterior urethral valves,
bladder dysfunction). VUR may occasionally be seen in association with
an obstructed PM.

o Further investigation should aim to distinguish obstructed PM from
non-obstructed PM:

* MAGS3 scan is the most useful investigation, although interpretation
of the drainage curve may be difficult because of pooling of isotope
in the dilated ureter;

« significant obstruction is more likely where the differential function
of the affected kidney is reduced to <40%.

o An obstructed PM may occasionally be associated with PUJ obstruction;
an IVU may be helpful in this situation.
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Treatment

The acutely sick patient presenting with pyonephrosis or pyelonephritis
requires systemic antibiotic therapy and drainage of the obstructed
system with the use of a percutaneous nephrostomy or a double-J stent.
Following assessment of the relative function of the kidney, surgery should
be performed. A nephrectomy may be necessary for a non-functioning or
very poorly functioning kidney (contributing <10% of the overall GFR),
although this should be assessed once the acute infection has subsided.

Non-obstructed primary megaureter
o Non-obstructed PM (on the basis of L ‘Investigations’, p.66) should
be managed conservatively and the likelihood is that the dilatation will
resolve with time:
« serial US scans (6-monthly initially, then annually) should be
performed to ensure there is no increase in hydronephrosis;
* where increase in hydronephrosis occurs, the MAG3 should
be repeated to ensure that evidence of obstruction or a fall in
differential function has not developed; this may occur in 1-2%.

Obstructed primary megaureter

Severe urinary sepsis is an absolute indication for surgery.

For other cases there is an increasing trend towards conservative
management. There is widespread use of prophylactic antibiotic
therapy in this clinical situation, although no randomized controlled
trial evidence to support this.

Regular imaging is indicated as described for the non-obstructed PM.
During follow-up, surgery is indicated for:

 any symptoms (infection, calculus formation or pain);

« worsening obstruction with increasing hydronephrosis and

deteriorating relative renal function.

Surgery involves the tapering and re-implantation of the lower ureter.
Hydronephrosis may take several years to resolve post-operatively.
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Posterior urethral valves

Introduction

o PUV are a congenital malformation of the posterior urethra occurring
exclusively in male infants, although anterior urethral valves may very
rarely affect females.

» Valves exhibit effects on the developing urinary tract from early in
pregnancy when fetal urine production commences.

o The back-pressure produced by the valves may result in VUR,
hydronephrosis, calyceal rupture (the weakest point) causing a urinoma
and renal dysplasia.

o The bladder wall hypertrophies, becoming thickened and trabeculated in
response to the obstruction. This may result in secondary VU] obstruction.

o The effect on renal function is very variable and related to the degree
of renal dysplasia, which occurs secondary to the obstruction or may
be part of the abnormality itself:

 some infants will have normal renal function at presentation,
whereas in other cases this is markedly deranged. Tubular damage
predominates, leading to sodium and bicarbonate losses causing
significant hyponatraemia, acidosis, and secondary hyperkalaemia;

* the extent of improvement in renal function following relief of
obstruction is also very variable: in some the plasma creatinine will
return to normal, whereas in others, particularly where severe
dysplasia is present, the plasma creatinine may remain elevated.

Presentation

o The majority of cases are diagnosed as a result of antenatal US,

which may show oligohydramnios with bilateral hydronephrosis and
hydroureter, bladder wall thickening and posterior urethral dilatation.
A significant proportion will be missed if there has not been a third
trimester scan.

The oligohydramnios which may develop secondary to the urinary tract
obstruction may result in pulmonary hypoplasia. This may be fatal in
the newborn period.

Oligohydramnios may also cause postural defects including dislocation
of the hip, talipes, receding jaw (Potter-like syndrome).

Fetuses diagnosed with bilateral hydronephrosis should therefore undergo
urgent US assessment in the newborn period. Prophylactic trimethoprim
(2mg/kg) should be commenced and an urgent MCUG organized.

Later modes of presentation include UTI, poor urinary stream, straining
to pass urine, palpable bladder or, later in childhood, problems with
daytime and night-time wetting, and CKD.

[ ]

Diagnosis

o Where PUV are strongly suspected on the basis of the preliminary US
findings, the infant should be catheterized (5FG feeding tube) under
broad spectrum antibiotic cover so that any obstruction can be relieved,
whilst radiological investigation is awaited. Where there is a paediatric
urology service ‘on-site’ a suprapubic catheter may be preferable in
order to allow accurate diagnosis of the urethral pathology, which may
be destroyed by the insertion of a urethral catheter.
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o Meticulous attention should be paid to fluid balance, as where
obstruction has been present, there may be a marked post-obstructive
diuresis. Urine output should be replaced on a mL for mL basis with
0.45% or 0.9% saline (depending on urinary sodium concentration) with
added bicarbonate as urinary sodium and bicarbonate losses will be
high. Regular weighing of the child and monitoring of plasma and urine
electrolytes is mandatory.

o The MCUG is the gold standard investigation for diagnosing PUV.
Views of the urethra should be obtained without the catheter in situ.

« this will show posterior urethral dilatation, and the bladder is likely
to have an abnormal trabeculated contour and diverticulae;
unilateral or bilateral VUR may also be present;
it is important to consider obstruction at the VU] if the system is
dilated and there is no VUR.

o A DMSA scan should be arranged 3 months after relief of obstruction
and resolution of infection to determine the degree of renal dysplasia,
and to measure differential renal function.

Treatment

o Treatment of PUV is surgical.

o Definitive treatment involves the valves being ablated endoscopically
by a variety of different surgical techniques. It has been argued that
ablation is the preferred initial treatment as spontaneous filling
and emptying of the bladder during infancy is crucial to normal
development.

® When primary ablation is impossible because of size or if the technique
fails, urinary diversion with a vesicostomy or bilateral ureterostomies
may be necessary with elective surgical treatment of the PUV later.

o Following relief of lower tract obstruction:

* adiuresis may occur with resultant abnormalities of fluid balance
and biochemistry;

* asecondary VU] obstruction may develop due to the presence
of the thick-walled bladder. This is suspected where the
biochemistry does not improve and an US shows persistent
hydroureteronephrosis. It may resolve with time, but may be
severe enough to necessitate nephrostomy drainage,
ureterostomies or insertion of VU] stents;

* a MAG 3 scan, if renal function is adequate, may help to decide if
obstruction is present.

It is technically possible to intervene in utero with the insertion of a

vesico-amniotic shunt, however, the long-term efficacy and safety of this

procedure remains uncertain. A randomized trial (PLUTO) comparing
fetal vesico-amniotic shunt insertion with conservative management is
currently in progress (S http://www.pluto.bham.ac.uk). NICE guidelines

(2006) encourage recruitment of patients into this study.

Early delivery of antenatally-diagnosed patients has not been shown to

be of benefit.

Short-term follow-up and complications

o Careful follow-up is necessary with attention to renal function and
plasma biochemistry, growth (sodium deficit and acidosis will impair
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this and sodium bicarbonate is often routinely added to all feeds)
and BP.

o Prophylactic antibiotics are given when VUR is present and UTls should
be treated promptly to prevent further renal damage. It is unclear
how long antibiotics should be continued for, though some would
recommend until 3—4 years of age.

o A check cystourethroscopy or MCUG is performed at 3 months
post-ablation.

Long-term complications of posterior urethral valves

Chronic kidney disease

o The most severe long-term complication of PUV, which are the cause
of around 16% of cases of CKD 5 in the United Kingdom.

o 10-22% of boys with PUV will develop CKD 5 during childhood.

e Clinical features predictive of a poor outcome with regards to renal
function include:

« early presentation (where antenatal diagnosis has not been made)
as those with more severe urinary obstruction present earlier;
failure to achieve a plasma creatinine below 80pmol/l following
relief of urinary obstruction;

* proteinuria;

« daytime wetting after the age of 5 years.

o When transplantation is being considered, great attention should be
paid to bladder function to ensure that the success of the graft is not
put at risk by abnormally high bladder pressures.

Wetting

Boys with PUV have bladders that may behave abnormally and there

may be significant continence issues.

Assessment of continence is clearly difficult in the infant and very

young child in nappies and urodynamic studies may be very difficult to

interpret in this group.

Urodynamic studies should be performed in all boys with daytime

wetting persisting beyond 5 years of age.

Some have argued the case for earlier routine urodynamic assessment:

* more severe valve bladders are small, trabeculated, thick walled,
high pressure systems with large residual volumes post-micturition;

* VUR into the upper tracts may be a large proportion of the bladder
capacity, which together with the high urine output due to the
decreased concentrating capacity as a result of tubular damage
may contribute to the progression of CKD, particularly when the
bladder becomes very full overnight.

Treatment options for the abnormal bladder include the use of

anticholinergic agents or clean intermittent catheterization where:

 bladder pressures are high;

« there is concern about ongoing renal damage.

More severe cases may require augmentation cystoplasty; a continent

channel to allow catherization of the augmented bladder can be

created at the time of surgery with the use of appendix or other tissue

(Mitrofanoff).
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Urogenital sinus and cloacal
abnormalities

Urogenital sinus abnormalities

o A disorder of females—failure of development of the urethrovaginal
septum results in the urethra and vagina being a single channel and
opening.

o The opening may be stenosed, causing obstruction to both uterine
drainage (causing hydrocolpos) and urinary tract drainage.

o Surgical separation of the vagina and urethra is necessary. Colon may
be needed to create the vagina.

Persistent cloaca

o A disorder of females—failure of development of the urorectal septum
results in the urethra, vagina, and colon opening into a single channel.

o There may be obstruction of drainage of the bladder, uterus, and
gastrointestinal (Gl) tracts.

o Relief of the obstructions is necessary (may include a colostomy),
followed by reconstructive surgery.

Bladder exstrophy

o Failure of infraumbilical mesenchyme to separate the part of the cloaca
that will go on to form the bladder from overlying ectoderm. This
results in breakdown of the cloacal membrane causing exposure of
the posterior wall of the bladder with a shortened abdominal wall,
incomplete fusion of the genital tubercles, separated pubic rami and
inguinal herniae.

o The baby is born with a defective lower abdominal wall, symphysis

pubis diastasis and multiple abnormalities involving the pelvis, bladder,

urethra, and external genitalia. The posterior wall of the bladder

joins with the edges of the defect in the abdominal wall and has a

deficient anterior wall, including the bladder neck and external urethral

sphincter. There is epispadias or hemi-clitoris with a widely-spaced

scrotum or labia and an anterior anus.

It is up to six times as common in males.

Surgery is complex and in the UK is undertaken in only 2 hospitals:

Great Ormond St Hospital for Children and the Royal Manchester

Children’s Hospital. The bladder is closed in the neonatal period;

this usually requires pelvic bone osteotomies. Thereafter, multiple

operations are necessary to enable urinary continence and to

reconstruct the genital tract.

LN 1

Cloacal exstrophy
As well as bladder exstrophy there is omphalocoele, a rudimentary midgut
with imperforate anus and lumbosacral defects.
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Absent abdominal musculature
syndrome

Introduction
o Triad of:

« deficiency or absence of anterior abdominal wall musculature;

« bilateral cryptorchidism (in boys);

* ureter, bladder, and urethral abnormalities, predominantly
megacystis and megaureter, secondary to dysplasia.

o Abnormalities of other organ systems occur in up to 75% of cases.
o Over 95% of cases occur in males (some consider girls to have
incomplete or pseudo-Prune belly syndrome).
Although a genetic basis has not been established, a small number of
cases have been documented in siblings and twin gestations.
o The recurrence risk is not, however, generally thought to be increased
in subsequent pregnancies.
An abnormality of mesenchymal development has been proposed.
Cause of 1.0 and 2.6% of cases of CKD 5 in UK and US, respectively.
o The term ‘Prune belly syndrome’ is no longer used due to its

insensitivity.

Urinary tract abnormalities

Kidneys

o Varying degrees of renal dysplasia may occur and may be severe,
resulting in early death from pulmonary hypoplasia.

o Severity of dysplasia is an important determinant of long-term survival.

o Acquired renal damage from UT] early in life in combination with
dysplasia will result in progressive CKD.

Ureters

Dilated and tortuous with associated VUR in the majority.

Poor or ineffective peristalsis results in poor urinary drainage.
Significant urinary stasis increases risk of urine infection significantly.
Kinking of ureters may result in obstruction.

Obstruction may also occur at the PUJ and VU)J.

Bladder

o Large volume with an irregularly thick (due to fibrosis) although
non-trabeculated wall.

Multiple large diverticulae are common.

Ureteric orifices are laterally spaced.

Urachal cyst or patent urachus may be present.

Has poor contractility and low voiding pressures.

Significant post-micturition residual volume because of poor
contractility and VUR into dilated upper tracts.

Urethra

o May be narrowed just below prostate gland with dilated prostatic
urethra.

o Urethral atresia may occur (more common in girls).
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Testes/genitals

o Cryptorchidism is universal.

Empty, hypoplastic scrotum.

Invariably infertile, although sexual function normal.
Girls may have vaginal atresia or uterine abnormalities.

Involvement of other organ systems

Gastrointestinal tract

o Increased incidence of malrotation and malfixation.

o Constipation may be a problem.

o Increased incidence of gastroschisis.

o |Imperforate anus may occur, particularly in association with urethral
atresia.

Heart
® 10% incidence of congenital heart disease.
o Echocardiography screening is warranted in newborns.

Skeletal Increased risk of talipes equinovarus and congenital dislocation
of the hip as in all infants when the pregnancy has been complicated by
oligohydramnios.

Pulmonary Pulmonary hypoplasia may develop in those where oligohy-
dramnios has been present.

Diagnosis

o Often suspected from antenatal US scans showing severely dilated
urinary tract with a distended abdomen. PUV associated with urinary
ascites may produce a similar appearance.

o Wrinkled and lax appearance of the neonatal abdomen wall with a
palpable urinary tract and cryptorchidism (empty hypoplastic scrotum)
are all clinically apparent and should lead to early diagnosis and
evaluation.

Assessment

o Initial assessment should involve identifying non-renal anomalies, which
may be life-threatening including significant congenital heart lesions and
pulmonary hypoplasia.

o The urinary tract should initially be assessed by US.

o MAGS3 scan will provide data on differential renal function and evidence

of possible obstruction (although the dilated, poorly-draining ureters

may produce false positive results).

MCUG will identify VUR, although there is a significant risk of

introducing infection and some have argued that this should be

avoided.

* MR urography can produce further anatomical information.

o Urodynamic assessment may be helpful, particularly where there are
concerns about bladder drainage.
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Treatment

e e

There is little evidence that reconstructive surgical procedures are of
benefit in this condition.

Any instrumentation of the urinary tract may introduce infection,
leading to deterioration in renal function.

Surgery may be necessary where there is clear evidence of urinary
obstruction. Ureteric and bladder drainage is the major source of
problems; this may be treated with urinary diversion (cutaneous
ureterostomies), clean intermittent catheterization (urethral or via
a created continent channel (Mitrofanoff)), reduction cystoplasty or
tailoring followed by re-implantation of the ureters.

There is no evidence to support the use of long-term prophylactic
antibiotic therapy.

Abdominal wall function may develop with increasing age.
Orchidopexy should be performed, ideally before dialysis or transplant
becomes necessary.

Renal function should be kept under review.

Where function deteriorates, standard CKD management should be
instituted.

Dialysis and transplantation can be successfully performed, although
it is essential to ensure that bladder function is satisfactory prior to
transplantation.
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Background and clinical features

Background

Three per cent of girls and 1% of boys have a symptomatic urinary tract
infection (UTI) before the age of 11 years, and 50% of them have a recur-
rence within a year. The highest incidence is in the first year of life. UTI
may involve the kidneys (pyelonephritis), when it is associated with fever
and systemic involvement, or may be due to cystitis, when fever is absent
or low grade. Up to one half of children with a UTI have a structural
abnormality of their urinary tract. UTI is important because, if the upper
tracts are affected, it may damage the growing kidney by forming a scar,
predisposing to hypertension and, if bilateral, CKD.

NICE guidelines published in 2007 have significantly changed clinical
practice regarding the diagnosis, clinical management, and subsequent
radiological investigation of the child with a UTIL. The introduction to
these guidelines expressed the view that ‘current management—involving
imaging, prophylaxis and prolonged follow up—nhas placed a heavy burden
on NHS primary and secondary care resources, and is unpleasant for
children and families, costly and not evidence-based’.

Important general points
The commonest error in the management of UTl in children, and especially
in infants, is failure to establish the diagnosis properly in the first place.
If UTl is not diagnosed, the opportunity to prevent renal damage may
be missed, or, if incorrectly diagnosed, may lead to unnecessary invasive
investigations.
NICE guidelines recommend the testing of urine in infants and children
with:
o Symptoms and signs of UTI.
o Unexplained fever of 38°C or higher (test urine within 24 h).
o An alternative site of infection but who remain unwell (consider urine
test after 24 h at the latest).

Clinical features

Presentation of UT] varies with age:

o In the newborn, symptoms are non-specific and include fever, poor
feeding, vomiting, failure to thrive, lethargy, and irritability; septicaemia
may develop rapidly.

o The classical symptoms of dysuria, frequency, and loin pain become
more common with increasing age.

o Dysuria without a fever is often due to vulvitis in girls or balanitis in
uncircumcised boys, rather than a UTI.
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Collection of urine samples and
diagnosis

Collection of urine samples
Urine can be collected by a variety of methods in a younger child in nappies.

NICE recommended techniques
o A ‘clean-catch’ sample into a waiting sterile pot when the nappy is
removed; this is easier in boys.
o Absorbent urine collection pads, e.g. Newcastle sterile urine collection
packs, in the nappy (not cotton wool, gauze, or sanitary towels).
Catheter sample or suprapubic aspiration (SPA), the authors’
method of choice in the severely ill infant under 1 year, requiring
urgent diagnosis and treatment, and in cases where previous samples
have suggested contamination. NICE guidelines recommend this be
performed when non-invasive methods are not possible. US imaging
should be performed to confirm the presence of urine in the bladder
and to guide sampling.

Alternatives (not NICE recommended)

An adhesive plastic bag applied to the perineum after careful washing,
although there may be contamination from the skin and the false positive
rate is 85%. This method should only be used as a screening test.

In the older child, urine can be obtained by collecting a midstream
sample. Careful cleaning and collection are necessary, as contamination
with both WBC and bacteria can occur from under the foreskin in boys,
and from reflux of urine into the vagina during voiding in girls.

Diagnosis

o |deally, the urine sample should be microscopically examined for
organisms and WBC, then cultured straight away.

If not possible, refrigerate to prevent overgrowth of contaminating
bacteria.

Presence or absence of urinary WBC alone is not a reliable feature of
a UT], as they may be present in febrile children without a UTI, and in
children with balanitis or vulvovaginitis, or absent due to lysis during
storage.

Positive testing of the urine with sticks for leucocyte esterase and nitrite
is also suggestive of infection, but there may be both false positive and
false negative results. This is because the presence or absence of WBC
is not diagnostic of UTI (see L ‘Background and clinical features’, p.76)
and urine needs to be in the bladder for at least an hour to allow time
for the conversion of nitrate to nitrite. Sticks, in the opinion of some,
should only be used as a screening test. The sensitivity and specificity of
leucocyte esterase and nitrite sticks have been reported to be 83 and
78, and 53 and 98%, respectively (see LI ‘NICE guidelines’, p.78).
Which urines should be cultured after screening is controversial. Some
suggest that culture is only necessary for urine that contains organisms
on microscopy. Others recommend culture if stick tests are positive
and there are >5 WBC per high power field in a spun sample, or
bacteria seen in an unspun Gram-stained sample.

77
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NICE guidelines
o Recommend urgent microscopy and culture, and the immediate
commencement of antibiotics if:

age <3 months;

specific urinary symptoms in children of 3 months to 2 years of age;
non-specific symptoms in children of 3 months to 2 years of age at
high risk of serious illness.

o If symptoms are non-specific in a child of 3 months to 2 years of age:

urine should be collected and sent for urgent microscopy and
culture;

if bacteriuria positive and pyuria positive or negative treat as UTI
with antibiotics;

if bacteriuria negative and pyuria positive, treat as UTI if clinically
suggestive of UT;

if bacteriuria and pyuria negative do not treat as UTI;

if urgent microscopy not available, treat with antibiotics if dipstick
nitrites positive; urine should be sent for culture.

o In children 3 years of age and older, NICE recommends that a urine
dipstick test should be used to initially diagnose UTI.
o Urine dipstick results should be interpreted as follows:

if leukocyte esterase and nitrite positive: start antibiotic treatment for
UT]; send urine for culture if high or intermediate risk of serious
illness or past history of UTI;

if leukocyte esterase negative and nitrite positive: start antibiotic
treatment and send urine for culture;

if leukocyte esterase positive and nitrite negative: treat only if good
clinical evidence of UTI; culture urine and treat depending on result;
if both leukocyte esterase and nitrite negative: do not treat as UTI or
send urine for culture.

» A colony count of any Gram negative bacilli or >10° colony-forming
units (CFUs) per mL of a Gram positive cocci from a suprapubic
aspirate of urine gives a 99% probability of infection. A colony count
of >10° CFUs of a single organism per mL in a sample obtained by
catheterization gives a 95% probability of infection. A sample with >10°
CFUs of a single organism per mL obtained by clean catch gives an 80%
probability of infection, which rises to 90% if the same result is found
in a second sample. Mixed organisms usually represents contamination,
but if there is doubt, another sample should be collected.

o NICE guidelines recommend that acute pyelonephritis (upper UTI) is
distinguished from cystitis (lower UTI) using Table 4.1. This influences
which radiological investigations should subsequently be performed.

Table 4.1 Factors distinguishing between upper UTI and lower UTI

Bacteriuria and fever of 38°C or higher Acute pyelonephritis (upper UTI)

Bacteriuria, loin pain/tenderness and fever ~ Acute pyelonephritis (upper UTI)
of less than 38°C

Bacteriuria, but no systemic features Cystitis (lower UTI)
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Bacterial and host factors that
predispose to infection

Infecting organism

o Infecting organisms other than E. coli are more likely to be associated

with structural abnormalities of the renal tract.

UTl is usually the result of bowel flora entering the urinary tract via the

urethra, except in the newborn, when it is more often haematogenous.

o The commonest organism to do this is E. coli, followed by Proteus and

Pseudomonas sp.

The virulence of E. coli is determined by factors including its cell wall

antigens, and possession of endotoxin and cell wall appendages called

P-fimbriae, which allow the organism to attach to the ureter and

ascend to the kidney.

Proteus infection is more commonly diagnosed in boys than girls,

possibly because of its presence under the foreskin, and predisposes

to the formation of phosphate stones by splitting urea to ammonia and

thus alkalinizing the urine.

o Pseudomonas infection may indicate a structural abnormality in the
urinary tract affecting drainage.

Incomplete bladder emptying

Is the most important cause of UTI and may be due to:

o Infrequent voiding, resulting in bladder enlargement.

o Vulvitis or balanitis.

o Hurried micturition.

o Obstruction by a loaded rectum from constipation.

o Neuropathic bladder (see I ‘Primary diurnal and secondary enuresis’,
p.96).

e VUR.

Vesicoureteric reflux

o VUR is the retrograde passage of urine from the bladder into the upper
renal tract.

o Primary VUR is a developmental anomaly of the vesicoureteric junction
(VU)). The ureters are displaced laterally and enter directly into the
bladder, rather than at an angle, with a shortened intramural course.
Primary VUR is, by definition, not associated with overt bladder
pathology. It occurs in 1% of young children.

o There is no evidence that primary VUR of uninfected urine at normal

pressure damages the kidney.

There may be associated renal dysplasia in severe cases; indeed,

antenatal scanning has revealed that what would have been termed

‘reflux nephropathy’ in the past is, in fact, due to congenital renal

dysplasia with or without additional acquired infection-related damage.

The changing definition has led to a decrease in the reported incidence

of ‘reflux nephropathy’ as a cause of CKD 5 and a parallel increase in

renal dysplasia with VUR.



80 cHAPTER 4 Urinary tract infection

It is frequently familial, with a 30-50% chance of occurring in first-
degree relatives.

Secondary VUR may be due to or associated with bladder pathology,
e.g. a neuropathic bladder or urethral obstruction or occur temporarily
after a UTI. High-pressure VUR in this situation, with or without
infection, may damage the kidneys.

Its severity varies from reflux into the lower end of an undilated ureter
during micturition to the severest form with reflux during bladder
filling and voiding, with a distended ureter, renal pelvis, and clubbed
calyces. Grading of VUR by MCUG has been popular in the past, but
there are differing classifications and apparent severity can vary with
the amount of contrast instilled into the bladder, and the speed and
pressure applied. Also, more severe VUR occurs during filling, as well
as voiding. More important is a description of the findings.

Mild VUR is unlikely to be of significance, either in causing UTI or renal
damage, but VUR associated with a dilated ureter may be associated
with intrarenal reflux, the backflow of urine from the renal pelvis

into the papillary collecting ducts in compound papillae. In compound
papillae the collecting ducts fuse, making access to refluxed urine more
likely than in simple, cone-shaped papillae. Compound papillae occur
predominantly at the upper and lower poles of the kidney. Intrarenal
reflux is associated with a particularly high risk of renal scarring if UTls
occur.

The incidence of renal defects on scanning increases with increasing
severity of VUR; however, half of children with renal defects do not
have VUR.

Conversely, VUR associated with two normal kidneys is very likely to
resolve.

Overall VUR resolves in 10% of cases each year. However, reflux into
dilated ureters is less likely to resolve, particularly if associated with
abnormal kidneys.

VUR with associated ureteric dilatation is important because:

Refluxed urine returning to the bladder from the ureters after voiding
results in incomplete bladder emptying, which encourages infection.
The increased work placed upon the bladder may result in bladder
dysfunction and decompensation over time.

The kidneys may become infected (pyelonephritis), particularly if there
is intrarenal reflux, resulting in renal scarring.

Bladder voiding pressure is transmitted directly to the renal papillae;
this may contribute to renal damage if voiding pressures are high.
Renal scarring may lead to high BP (variously estimated at up to 10%)
or to CKD if bilateral.
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Management

Management of the acute infection

o Prompt identification and treatment reduces the risk of renal scarring.
o Most children can be treated with oral antibiotics, but infants, and
children who are severely ill or vomiting, require IV antibiotic therapy
until the temperature has settled, when oral treatment can be
substituted.

NICE guidelines regarding antibiotic treatment are as follows:

e age <3 months: IV antibiotics—precise duration not stated, but
sensible to administer for 2—-3 days prior to switch to oral antibiotics
if clinically improved;
age >3 months, but with upper tract UTI: oral antibiotic with low
resistance pattern for 7-10 days; IV antibiotics for 2—4 days if
vomiting, then oral antibiotics for a total of 10 days;
age >3 months with lower urinary tract symptoms: oral antibiotics for
3 days.

If a child is on prophylaxis, change the antibiotic rather than increasing
the dose.

Most laboratories monitor local bacterial resistance patterns and are
able to advise prescribers accordingly.

NICE does not recommend antibiotic prophylaxis unless UTls are
recurrent.

NICE guidelines have produced a definition of atypical UTI. This is impor-
tant as the presence of atypical UTI affects the subsequent radiological
investigations that are recommended.

Definition of an atypical UTI

o Seriously ill child.

o Poor urine flow.

o Abdominal or bladder mass.

o Raised plasma creatinine level.

o Septicaemia.

o Failure to respond to treatment within 48 h.
o Non-E. coli UTI.
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Investigations

The extent to which a child with a UTI should be investigated is contro-
versial, not only because of the invasive nature and radiation burden of
the tests (see [l ‘Radiological investigations’, p.12), but also because of
the lack of an evidence base to show that outcome is improved (unless
urinary obstruction is demonstrated). Mild VUR usually resolves sponta-
neously and operative intervention to stop VUR has not been shown to
decrease renal damage. There has, therefore, been a move away from tra-
ditional protocols that use age alone to determine investigations following
a UTI, to protocols that identify children for investigation who are at the
most risk of renal damage.

Current NICE guidelines recommend that different investigations are
performed according to whether there is a good response to treatment
within 48 h, whether there is evidence of atypical UTI (see LI ‘Definition
of an atypical UTI", p.81) and whether there is evidence of recurrent UTI
(2 or more upper UTI, 1 upper and 1 or more lower UTI or 3 or more
lower UTI), as well as the age of the child. Tables 4.2, 4.3, and 4.4
summarize NICE recommended investigations according to severity of
UTl and age.

Table 4.2 Investigations following UTl in infants under 6 months of age

Good response Atypical UTI Recurrent UTI

within 48 h
US at time of acute infection  No Yes® Yes
US within 6 weeks Yes? No No
DMSA at 4-6 months No Yes Yes
MCUG No Yes Yes

?If abnormal consider MCUG once infection adequately treated.

bUS at 6 weeks if non-E. coli UTI, but responding well.

Table 4.3 Investigations following UTI in children of 6 months to 3 years

of age
Good response Atypical UTI Recurrent UTI
within 48h

US at time of acute infection No Yes® No

US within 6 weeks No No Yes

DMSA at 4-6 months No Yes Yes

MCUG No No* No?

2MCUG if dilatation on US, poor urine flow, non E.coli UTI, family history of VUR.
PUS at 6 weeks if non E.coli UTI, but responding well.
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Table 4.4 Investigations following UTI in children over 3 years of age

Good response Atypical UTI Recurrent UTI

within 48 h
US at time of acute infection No Yes® No
US within 6 weeks No No Yes?
DMSA at 4-6 months No No Yes
MCUG No No No

2US with full bladder (measure pre- and post-micturition volume).
bUS at 6 weeks if non-E. coli UTI, but responding well.

o The initial US will identify:

* serious structural abnormalities and urinary obstruction;

« bladder wall thickness and emptying;

* renal defects, although most studies that have compared US with
DMSA have shown US to miss a significant proportion of renal
scars. Furthermore, it has to be remembered that there is a degree
of operator variability with the use of US, and experienced full-time
paediatric ultrasonographers are more likely to detect more minor
changes than less experienced operators.

o The DMSA scan is considered the gold standard investigation for the
diagnosis of renal parenchymal damage. It should be delayed until
4-6 months after the acute UTI in order to avoid a false positive result
due to renal parenchymal inflammation that may resolve.

o The MCUG is considered the gold standard investigation for the
diagnosis of urethral abnormalities and VUR.

o See [ ‘Radiological investigations’, p.12 for further details, including
recommendations for the use of prophylactic antibiotics for the
MCUG.

Long-term management

Medical measures for the prevention of urinary tract infection

o High fluid intake to produce a high urine output.

o Regular voiding.

o Complete bladder emptying using double micturition to empty any
residual or refluxed urine returning to the bladder.

o Prevention or treatment of constipation.

o Good perineal hygiene.

o Lactobacillus acidophilus, to encourage colonization of the gut by this
organism.

The use of antibiotic prophylaxis is a controversial area:

o Arecent Australian study (PRIVENT) was the first to show that the use
of antibiotics (co-trimoxazole) reduced the incidence of UTI compared
with placebo (Hazard ratio 0.61) in children under 18 years with a prior
history of UTI (42% had VUR). Earlier studies have shown conflicting
findings and a Cochrane review of trials involving 2324 children showed
that long-term antibiotic prophylaxis compared to no treatment
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or placebo did not significantly reduce symptomatic UTI or febrile

UTI at 2 years follow-up. However, at 1-3 year follow-up antibotic
prophylaxis did reduce the relative risk of new or progressive damage
on DMSA scan (RR 0.35, 95% ClI 0.15-0.80).

NICE guidelines do not recommend the routine use of prophylactic
antibiotics in infants and children following a first UTI, although this
may be considered in those with recurrent UTI, defined as:

 two or more upper UTls;

« one upper UTI plus one or more lower UTI;

« three or more lower UTls.

Commonly, prophylaxis is used in those under 2 years of age and those
with ureters that are dilated up to the renal pelvis. Trimethoprim (2mg/
kg at night) is used most often, but nitrofurantoin (1mg/kg at night)

or nalidixic acid (7.5mg/kg bd) may be given. Broad spectrum, poorly-
absorbed antibiotics, such as amoxicillin should be avoided.

In children with a prior history of UTI, whether prophylactic antibiotics
are used or not, there should be a high suspicion for UTI during acute
illnesses. UTls should be promptly identified and treated.

Follow-up

NICE guidelines state that children who do not undergo radiological
investigation following UTI do not require follow-up.

o Routine urine culture in well children is not necessary.

There is no evidence for when antibiotic prophylaxis (if used) should
be stopped. This should be considered at the age of 2 years (by when
maximum renal growth has occurred) or after 1 year free of UTls.

Any child with a renal defect requires annual BP checks for life.
Hypertension has been reported in up to 10%, but such a high
incidence has been questioned.

Regular assessment of renal function and growth using US, and early
morning urine stick testing for proteinuria for those with bilateral renal
defects, who are at risk of progressive CKD.

No further imaging is necessary in a child with no or unilateral defects
with no further infections.

Circumcision may benefit boys with recurrent UTls. It has been estimated
that around 100 circumcisions are required to prevent one UTI.
Anti-reflux surgery may be indicated if there is progression of scarring
with ongoing VUR, but outcome has not been shown to be better than
the use of antibiotic prophylaxis. More recently, open re-implantation of
the ureters has been replaced by peri-ureteric injection of bulking agents
(STING procedure). However, the success rate is less for this procedure
than re-implantation of the ureters, and it often needs to be repeated.

If there are further symptomatic UTls, investigations are required to deter-
mine whether there are new scars or continuing VUR. New scars are rare
in previously unscarred kidneys after the age of 4, even in the presence
of continuing VUR, and reinvestigation is rarely necessary in this group. A
suggested schema for the follow-up of children with no further infections
is shown in Fig. 4.1 and for those with further symptomatic UTls in Fig. 4.2.
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No further UTls

Normal US

|Unilateral defectl | Bilateral defects |

| Annual BP | Annual BP, plasma creatinine
and Ua:Ucr
US every 2 years to view renal growth

No further follow-up

Fig. 4.1 Follow-up of children with no further UTls.

Recurrent symptomatic UTIs

¥

Ensure satisfactory voiding history and
normal bowel habit
Ensure system available for prompt treatment of UTI

Repeat US for renal size, presence of dilatation and bladder emptying

v
No dilatation and Ureteric dilatation or incomplete
complete bladder emptying bladder emptying

L :

DMSA or Mag 3+ DMSA scan and MCUG (isotope if girl)
Cystogram if not potty trained
Mag 3 cystogram if potty trained

Normal

v

Increase in renal defects with reflux

v
Continue medical Consider adding antibiotic | | Consider circumcision and
management for prophylaxis anti-reflux surgery
the prevention of UTI h 4

A4
| Normal or unchanged| | Increase in renal defects |

Spinal imaging if incomplete
bladder emptying and no PUV

Fig. 4.2 Investigation and follow-up of children with recurrent symptomatic UTls.
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Asymptomatic bacteriuria

Occasionally bacteriuria may be discovered during investigation of another
problem in an asymptomatic child. Although treatment with antibiotics will
eradicate the bacteriuria, recurrence is common. Asymptomatic bacteri-
uria does not need treatment as long term follow-up studies have shown
that it does not cause renal damage. However, this may not be the case
for children with renal transplants (see EX ‘Urinary tract infection post-
transplantation’, p.547).

Further reading

National Institute for Health and Clinical Excellence. (2007). Urinary tract infection in children. NICE
Clinical Guideline 54. NICE, London.

Nagler EVT, Williams G, Hodson EM, Craig JC. Interventions for primary vesicoureteric
reflux. Cochrane Database of Systematic Reviews 2011, Issue 6. Art. No.: CD001532. DOI:
10.1002/14651858.CD001532.pub4.
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The penis and foreskin

Introduction

o The foreskin is almost invariably non-retractile in the neonate. It should
never be forcibly retracted for cleaning or other reasons.

o The foreskin becomes retractile with increasing age (40% at 1 year, 90%
at 4 years, and 99% at 15 years).

The penis should always be examined in boys with UTI because:

o Infection of the foreskin (balanitis) may be misdiagnosed as UTl as
there may be white blood cells (WBCs) and bacteria in the urine.

o Obstruction to urine flow by the foreskin can cause UTI.

Inflammation and infection of the foreskin

o Minor inflammation of the foreskin is common and may be caused by

soaps, bubble bath, detergents, and other factors.

* most cases are self-limiting;

« avoidance of precipitating factors, and the use of barrier or mild
topical steroid ointments result in rapid resolution.

o More significant inflammation (balanitis) may be due to bacterial
(Streptococci, Staphylococci, Proteus, and other Gram negative
organisms) or yeast infection.

« a course of oral antibiotic therapy (amoxicillin, co-amoxiclav) will
result in rapid resolution in most cases;
« topical antifungal therapy should be used where there is evidence of
such infection (satellite lesions, etc.);

the inflamed foreskin will be painful and analgesia should be given;

boys may find that passing urine in the bath is more comfortable;

dysuria may lead to incomplete bladder emptying and the
development of UTI.

o Where severe cellulitis is present, IV antibiotic therapy should be given
and the patient considered for emergency circumcision.

e Elective circumcision should be considered in boys with recurrent
severe balanitis.

Phimosis (non-retractile foreskin)

o Forced retraction of the non-retractile foreskin and recurrent balinitis
result in the development of scar tissue in the distal foreskin rendering
it non-retractile.

o Opening of the foreskin is narrowed with visible scar tissue. Causes
ballooning of the foreskin during micturition and a thin urinary stream.

o Topical corticosteroids of increasing potency may resolve matters,

although circumcision should be considered when these are

unsuccessful.

Rarely this can be so severe as to cause urinary obstruction.

Circumcision

o This is regularly performed in the neonate for religious reasons, most
commonly by a non-medically qualified practitioner. The rate of non-
religious routine circumcision varies between countries, the rate in the
USA being significantly higher than in the UK.
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o There is some evidence of medical benefits of circumcision:

* incidence of UTl is as much as 10-fold lower in circumcised males;

* rate of penile cancer (a very rare malignancy) is 3-fold lower in
circumcised males;

e risk of acquiring sexually-transmitted diseases may be reduced.

o These potential benefits are not, however, sufficient to justify the
routine circumcision of all male infants, and professional organizations
including the American Academy of Pediatrics have issued formal
statements to this effect. It has been estimated that around 100
circumcisions are required to prevent one UTI and that of 100 boys
circumcised to prevent one UTI, 0.2-5 would develop complications.

Religious circumcision is usually performed without analgesia.

o There is significant evidence that neonates circumcised without
analgesia experience pain as indicated by changes in heart rate, BP, and
oxygen saturation levels.

o Can be reduced by the use of topical anaesthetic agents, such as
eutectic mixture of local anaesthetics (EMLA), regional anaesthesia
(dorsal nerve block), or general anaesthesia.

Complications include bleeding, infection, and poor wound healing.

o Bleeding may be the first presentation of vitamin K deficiency,
haemophilia, or other disorders of coagulation.

o Occasionally, severe acute problems occur including injury to the glans
and urethral trauma.

o In the longer term, meatal stenosis may occur due to local trauma from
rubbing on nappies and continuous exposure to urine.

e Injury can lead to incomplete bladder emptying (which can be seen on
US scan) and UTls.

Medical indications for circumcision include:

Recurrent UTls: circumcision may be considered when more
conventional treatment modalities have been unsuccessful, particularly
in those with major congenital abnormalities of the urinary tract.
Balinitis xerotica obliterans: a primary non-infective aggressive
inflammation of the foreskin, which results in hard fibrotic true
phimosis.

Severe acute or recurrent balanitis.

Paraphimosis: caused by retracting a tight foreskin over the glans so
that the ring of the foreskin meatus acts a partial tourniquet around the
base of the glans, resulting in glanular oedema and swelling.

References

American Academy of Pediatrics (1999). Circumcision policy. Pediatrics 103: 686-93.

Craig JC, Knight JF, Sureshkumar P, Mantz E, AND Roy LP. (1996). Effect of circumcision on
incidence of urinary tract infection in pre-school boys. | Pediatr 128: 23-7.

British Association of Paediatric Surgeons (2007). Consensus statement. Available at: http://www.
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Vulvovaginitis

Introduction

o Vulvovaginitis is a common problem in pre-pubertal girls.

e Clinical features include soreness, itching, discharge, and bleeding, and
urinary symptoms including dysuria and frequency.

o Clinical signs include inflammation of the labia and introitus, and visible
discharge.

o May cause cystitis as a result of poor bladder emptying due to pain on
voiding.

Causes
© Poor perineal hygiene:
¢ poor wiping technique;
* constipation with overflow soiling;
* wetting.
o Local irritation:
 bubble bath/detergents;
« friction from wet/nylon underwear.
Infection (responsible for only around 20% of cases):
* bacterial (Group A B haemolytic Streptococcus, Staphylococcus
aureus, Haemophilus influenzae);
viral;
fungal;
sexually transmitted (rare cause though requires consideration);
Enterobius vermicularis infestation (threadworms) with associated
perianal itch.
Deficient oestrogenization of prepubertal labia.
Primary dermatological disease: lichen sclerosis, eczema.
Foreign body.
Sexual abuse: rare cause though requires consideration.

Investigation

o Mid-stream urine specimen (MSU).

o Swab from introitus: sellotape test to collect threadworm eggs—apply
sellotape to perianal region and place on glass microscopy slide to
visualize eggs; test is of high specificity, but low sensitivity.

General management
o Improve perineal hygiene.
o Simple symptomatic treatment:
front to back wiping;
avoid/treat constipation;
cotton underwear;
salt baths;
barrier creams e.g. Sudocrem®,
* avoid bubble bath and other chemical irritants, use mild bath soap.
o Systemic antibiotics only if swab culture results positive.
o MSU may be falsely positive due to contamination.
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o Consider empirical course of mebendazole (treat whole household).

e Some have advocated a trial of oestrogen cream (applied twice daily
for 1 week) where bacterial cultures are negative.

o Candida infection is a relatively rare cause and empirical treatment is
unlikely to be of help.

o Specific dermatological disorders require specialist advice.

e Where symptoms do not resolve or problem becomes recurrent,
consider sexually-transmitted infection/sexual abuse, foreign body in
vagina. Suspected sexual abuse problems require consultation with
appropriately trained specialists.
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Nocturnal enuresis

Introduction

o Most children achieve night-time dryness by 5 years of age, when
bladder volume exceeds nocturnal urine production.

o Nocturnal enuresis is defined as the involuntary loss of urine at night,
in the absence of physical disease, at an age when the child could
reasonably be expected to be dry (developmental age of 5 years by
consensus):

e primary nocturnal enuresis is the term used where the child has
never been dry;

secondary or onset nocturnal enuresis is the term used where the

child has previously been dry at night for 6 months or more after

the age of 5 years;

monosymptomatic or uncomplicated nocturnal enuresis refers to

nocturnal enuresis not associated with other symptoms referable to

the urinary or Gl tracts;

polysymptomatic or complicated noctural enuresis refers to

bedwetting associated with symptoms suggestive of lower urinary

tract dysfunction (see LLJ ‘Primary diurnal and secondary enuresis’,

p.96 and [LJ ‘Bladder pathology’, p.97).

o Nocturnal enuresis is common, affecting 15-20% of 5-year-olds, 5% of
10-year-olds, and 1-2% of 15-year-olds.

o The problem is socially inconvenient to the child and their family, and
may result in bullying and stigmatization, with resultant low self-esteem.

Actiology

o Remains poorly understood despite the high prevalence.

Delay in maturation of bladder control has been proposed. Children
have smaller functional bladder capacity and unstable detrusor
contraction.

There is a strong genetic component: a family history is found in most
children. The gene appears to be localized on chromosome 13.
Studies of sleep patterns have shown variable results, although it
appears that children who bed wet have difficulties in waking.

Some studies have detected loss of the normal nocturnal rise in
anti-diuretic hormone (ADH) production, resulting in an increase in
nocturnal urine production.

Upper airway obstruction and constipation may rarely produce
wetting.

Assessment and investigation

o History of bed wetting, daytime symptom:s, toileting patterns and fluid
intake.

o Perform general physical examination, with particular attention
to whether the bladder is palpable and the spine and lower limb
neurology.

o Routine urinalysis and culture is not necessary unless the child has
started bed wetting recently, has daytime symptoms or signs of ill
health, and a history suggestive of urinary tract infection or diabetes
mellitus.
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o Investigate the child’s attitudes and motivation.
o Children with primary nocturnal enuresis should not be subjected to
radiological or urodynamic investigation.

Management
“Indicates evidence-based recommendation.

General

o Primary nocturnal enuresis has a high rate of spontaneous remission:

it has been estimated that 10-15% of children will see a resolution of
bed wetting each year with no treatment.

Attempts to treat children under 7 years of age are often unsuccessful,
although recent NICE guidelines recommend that younger children
are not excluded from the management of enuresis on the basis of age
alone.

Specialist enuresis clinics generally provide the best service for patients.
These are often run by specialist nursing staff and sited in local health
centres in the community. Details of the location of such clinics are
available from ERIC (see L ‘Information for families’, p.95).
Management strategies are similar for both primary and
monosymptomatic secondary nocturnal enuresis. In the child with
secondary nocturnal enuresis an exploration of potential psychological
or social problems (marital disharmony, bullying at school, etc.) is
warranted.

In general, where daytime wetting is also occurring, this should be
investigated and treated prior to addressing nocturnal enuresis.

General measures
o Advise on fluid intake, diet, and toileting behaviour:

* maintain adequate, but not excessive daytime fluid intake to
develop bladder capacity and reduce evening fluid intake. NICE
guidelines recommend daily fluid intakes (see Table 5.1);
avoid caffeine-based drinks;

* healthy diet;
treatment and avoidance of constipation;
e pass urine regularly during the daytime and before sleep.

Table 5.1 Daily recommended fluid intake

Age (years) Total daily intake (mL)
4-8 1000-1400
9-13 1200-2100 girls

1400-2300 boys

14-18 1400-2500 girls

2100-3200 boys
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Reward systems

This alone may be sufficient in the child who already has some dry nights.

o NICE guidelines recommend that rewards should be given for agreed

behaviour (drinking recommended fluid intake, passing urine before

sleep, etc.), rather than dry nights; however, *star charts for dry nights

with or without night-time lifting or waking have been shown to reduce

the number of wet nights and produce longer-term success after

treatment.

Neither lifting (carrying or walking child to the toilet without fully

waking the child) or waking will promote long-term dryness.

* Waking should be used only as a practical measure in short-term
management.

o Older children with enuresis unresponsive to treatment may find

self-instigated waking (alarm clock) helpful.

Where these measures alone are unsuccessful, there is a need to

consider the use of an alarm system or drug treatment.

Alarm systems

NICE guidelines recommend that alarm treatment be offered to
children where bed wetting has not responded to advice on fluid
intake, toileting, and an appropriate reward system, and alarm
treatment is desirable and appropriate.

o “Cochrane review has shown alarm systems to be effective, with
around 50% of children achieving long-term dryness.

Immediate alarm systems appear to be more effective than delayed
alarm systems.

Alarm systems are superior to behavioural techniques” and drug
therapy.”

There may be problems with acceptability (embarrassment with
system, other family members being woken, etc.).

o Many trials involving alarm systems had high drop-out rates.

Drug therapy

NICE guidelines recommend the use of drug treatment where rapid onset
and/or short-term dryness is a priority and where alarm treatment is
either undesirable or inappropriate.

Desmopressin”

200—400 micrograms orally or 120-240 micrograms sublingually at bedtime:

o Superior to placebo (Cochrane review), though there appears to be a
high relapse rate upon stopping treatment.

o Response to therapy should be assessed at regular intervals with dose
increase where no response seen. Where successful, treatment should
be withdrawn every 3 months to assess response.

o Useful agent for short-term use to allow children to attend sleep-
overs, school trips, cub or brownie camps, etc. In this situation it is
worth having a trial run at home prior to the trip to ascertain the dose
required and to instill confidence in the child.

o May be used in conjunction with an alarm system.
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o There are a small number of reports of hyponatraemic seizures in
children; these appear to be associated with excessive water intake,
which should be discouraged.

o The monitoring of weight, plasma electrolytes, blood pressure, and
urine osmolality is not necessary.

Anticholinergic agents

Oxybutynin, etc.

o May be considered in combination with desmopressin in children
with nocturnal enuresis unresponsive to desmopressin alone or in
combination with an alarm system.

o May also be useful in those with both daytime symptoms and nocturnal
enuresis.

» Not licenced for nocturnal enuresis.

o Should only be used under expert supervision.

o Should never be used in combination with a tricyclic agent.

Tricyclic agents™

Imipramine, amitriptyline, viloxazine, clomipramine and desipramine.

o NICE guidelines do not recommend the use of these agents as first-line
treatment for nocturnal enuresis—use should be restricted to those
who have not responded to alarm and/or desmopressin. Imipramine
should be the tricyclic of first choice.

o Superior to placebo, with a reduction of around one wet night per

week (Cochrane review).

Similar to desmopressin, the effect is not sustained upon stopping

treatment.

o These drugs have significant adverse-effects. In overdose they are

cardiotoxic and hepatotoxic and at therapeutic doses produce

anticholinergic adverse effects (dry mouth, postural hypotension, etc.).

These adverse effects and the availability of desmopressin has resulted

in a very significant fall in the use of these agents.

If used, imipramine should be withdrawn gradually when stopping

treatment.

Information for families

Education and Resources for Improving Childhood Continence (ERIC),
R http://www.eric.org.uk, telephone helpline (+44) (0)117 9603060 pro-
vides information and support for younger children, teenagers, parents,
and professionals on nocturnal enuresis and daytime wetting.

Further reading

NICE (2010). Nocturnal enuresis—the management of bedwetting in children and young people.
NICE Clinical Guidance 111. Available at: & http://www.nice.org.uk/guidance/CG111.

Treating nocturnal enuresis in children. Effective Health Care. University of York Centre for
Reviews and Dissemination, 2003 8 2.

Nocturnal enuresis. Best Practice Evidence Based Guideline. Paediatric Society of New Zealand.
R http://www.paediatrics.org.nz.

Paediatric Society of New Zealand (2005). Nocturnal enuresis. Best Practice Evidence Based
Guidelines. Available at: 8 http://www.paediatrics.org.nz.
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Primary diurnal and secondary enuresis

Primary diurnal enuresis

May be due to:

o Delayed bladder maturity.

o Dysfunctional voiding (abnormal bladder habit, often accompanied by
abnormal bowel habit).

o True bladder pathology (caused by bladder decompensation due to

severe VUR, PUV, neuropathic bladder, non-neuropathic neuropathic

bladder) (see [l ‘Bladder pathology’, p.97).

Polyuria (diabetes mellitus or insipidus, CKD) as a cause is rare.

An ectopic ureter will cause a constant dribble of urine, the volume

of which depends on the function of the parenchymal renal segment

supplying the ureter. Pooling of urine in the vagina overnight may mean

that the child is dry at night, but wets on rising in the morning.

Secondary enuresis

The new onset of incontinence (secondary enuresis) is uncommon and is

a symptom to be taken seriously, particularly in a boy. Important points in

the history would be:

o The frequency of urination and the volume passed, which may be
frequent with polyuric causes; and with a neuropathic bladder may be
infrequent, or frequent small volumes, or dribbling due to overflow.

o Urinary stream, which would be abnormal with a PUV, but can also be
abnormal with other causes of bladder pathology.

o Bowel habit, abnormalities of which may be due to a neurological
defect, but also constipation in itself can cause bladder outlet
obstruction due to pressure from a loaded colon on the bladder in the
pelvis.

o Circumcision, which can result in damage to the urethra during the
procedure leading to urethral stenosis.

e The occurrence of UTls.

o Accompanying symptoms that might suggest CKD.

Examination should include:

o Abdominal palpation to check for bladder enlargement.

o A check of the foreskin for phimosis and the urethral meatus if
circumcised.

o Spine, anal tone, and lower limb neurology.

o BP and signs of CKD (growth, anaemia).
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Bladder pathology

Bladder pathology is important to identify because:

o It may result in abnormally high pressures being transmitted to the
collecting system and renal tubules.

o Poor bladder emptying predisposes to UTls.

If there is high pressure VUR of infected urine, the risk of renal damage

is particularly high.

In the polyuric child with poor bladder emptying, the bladder is

particularly vulnerable overnight when it may become distended with

urine, leading to poor upper tract drainage and potential renal damage.

Bladder pathology may be due to:
o Severe VUR: the bladder in severe cases (particularly male infants who
often have associated renal dysplasia) may be refluxing as much urine
back into dilated ureters as it expels via the urethra. Sometimes the
ureters can be continuous with the bladder and act as part of the urine
storage organ. The resultant strain on the bladder musculature can
result in decompensation with poor emptying.
Absent abdominal musculature syndrome: bladder is large and atonic.
Urethral obstruction by PUV results in a thick-walled bladder; usually
small volume with high pressures and diverticulae.
Neuropathic bladder.
o Causes are:

* spina bifida;

* sacral agenesis;

* spinal cord tumour or trauma;

* transverse myelitis;

* autonomic neuropathy.
o Non-neuropathic neuropathic bladder (Hinman syndrome):

« the bladder behaves as if neurologically abnormal, but no such
defect can be demonstrated;
the syndrome evolves over time due to damage to the bladder in
association with infrequent or incomplete voiding, often also with
abnormal bowel habit, although the cause is poorly understood;
high pressure within the bladder results in stretching and damage
to the musculature and nerve supply. Spontaneous contractions
of the bladder muscle (detrusor) do not co-ordinate with release
of the urethral sphincter which takes place when voiding occurs.
This causes ‘blow outs’ in the bladder wall (diverticulae) that cause
pocketing of urine (predisposing to infection) and poor bladder
drainage;
« if CKD develops the high urine volumes further contribute to
bladder dysfunction and damage;
a small subgroup of patients have been identified as having a genetic
defect (Urofacial (Ochoa) syndrome) and have a peculiar facial
expression, inverted smile, and partial facial palsy, as well as a
non-neuropathic neuropathic bladder.
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Investigations

o Spinal X-ray and magnetic resonance imaging (MRI) of spine.

o Urodynamics; the best simple test of bladder function is an ultrasound
(US) taken after micturition. If the bladder empties completely
bladder pathology is unlikely. Video urodynamics require bladder
catheterization and a rectal pressure monitor. The purpose is to
identify causes of renal damage and to inform best management.

Urodynamics

Give information about:

o Bladder volume: normal values up to 12 years = 30 X age in years +
50mL (see also Fig. 1.3).

o Urine flow rate.

o Intravesical pressure at rest, during filling, and when voiding.

* VUR

Abnormal bladder function

Can be broadly divided into three types:

o High pressure contractions that do not co-ordinate with opening of the
urethral sphincter, resulting in very high bladder pressures.

o Reduced bladder wall compliance so that there is a continuous increase
in bladder pressure.

o Atonic, low pressure bladder with few contractions and overflow.

Management of bladder pathology

o Oxybutinin helps to decrease bladder contractions and, therefore,
increases intravesical volume and decreases pressure, but at the
expense of bladder emptying.

High pressure, small volume or non-compliant bladders: bladder
augmentation and clean intermittent catheterization (CIC) or
catheterization through a continent channel (Mitrofanoff) may be
necessary.

The atonic, low pressure bladder with few contractions and overflow
can be managed by CIC without augmentation.

Bladder catheter left in overnight (avoids large volumes of urine
accumulating in the bladder during sleep, which can be several litres in
patients with polyuric CKD), with intermittent catheterization in the
day, usually 2—4 times, depending on whether there is still an ability to
void spontaneously and on the volumes of urine passed.
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Disorders of sodium and water: basic
principles

o Sodium (Na) and water homoeostasis are inextricably linked.

Na concentration is measured in mmol/L, highlighting the fact that
changes in numerator (Na), as well as denominator (water) will alter
the concentration. It is impossible to assess a plasma Na measurement
without considering plasma volume. Since Na constitutes the major
extracellular ion, changes in plasma volume will result in the largest
absolute change in Na concentration compared with the other plasma
ions. For instance, when starting from a baseline of 140 mmol/L, a
decrease in plasma water of 10% will lead to an increase in the plasma
Na concentration to 154 mmol/L and vice versa a 10% increase to
126 mmol/L.

The kidney has no sensors for Na concentration and regulates Na
reabsorption purely in response to renal perfusion. Changes in plasma
tonicity are sensed by osmoreceptors in the brain and affect renal
water handling via antidiuretic hormone (vasopressin).

o In case of conflicting signals, the most important principle is
preservation or restoration of a normal plasma volume, rather than

a normal Na concentration. Thus, with normal functioning kidneys,
urine Na is low in hypernatraemic dehydration and elevated in
syndrome of inappropriate antidiuretic hormone (SIADH) or acute
water intoxication. Whilst we easily measure Na concentration, there
is no simple test for plasma water. Instead, we need to use auxiliary
parameters, such as change in weight, BP and perfusion (capillary
refill) to determine whether an abnormal Na concentration is the
consequence of changes in Na or water.

In clinical practice, the vast majority of abnormal Na concentrations
are due to changes in water, rather than Na. The precise aetiology
can be determined by interrogating the kidneys via urine indices (Na,
creatinine, osmolality). An absolute urine Na concentration is a useful
first guide, but it is much better to calculate a fractional excretion of
Na (FENa). FENa = (Una/Ucr)/(PNa/Pcrea) (all in mmol/L). Normally,
FENa is <1% and in dehydration usually <0.3%.
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Disorders of sodium and water:
hypernatraemia

Definition

Plasma Na >145 mmol/L.

o Caused by either a deficiency of water (common) or an excess of salt
(rare).

o A diagnostic algorithm for the assessment of hypernatraemia is given in
Fig. 6.1a,b.

(a) Clinical dehydration
Decreased body weight
Too little water

! i
e

FENa <1% FENa >1% FENa <1%

Uosm >Posm Uosm ZPosm Yosm <Posm
Extrarenal losses Isosthenuria/osmotic diuresis Hyposthenuria
Diarrhoea Diuretics u
Insensible water loss Glycosuria Diabetes |n?|p|dus
Excessive sweat Post-obstructive diuresis Nephrogenic
Fasting/thirsting Non-oliguric ATN Central

(b) Stable or increased body weight

Too much salt

FENa variable
Uosm <Posm

FENa >1%

Uoem =P,

osm osm

Excess sodium administration
increased renal solute load
Salt poisoning

Reset osmostat
Central hypodipsia

Fig. 6.1 (a) A diagnostic algorithm for hypernatraemia due to a deficiency of water.
(b) A diagnostic algorithm for hypernatraemia due to an excess of salt.

The limit for FENa of 1% is not absolute. Neonates have higher FENa due to tubular immaturity.
In general, the lower the FENa, the better tubular reabsorption.
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Clinical signs and symptoms

o CNS dysfunction: lethargy, irritability, nuchal rigidity, seizures,
drowsiness, coma. Intracranial haemorrhage (subdural, subarachnoid,
intracerebral) may occur due to rapid shift of water from brain cells
with associated cerebral vessel distention.

o Hypernatraemic dehydration: signs of extracellular fluid (ECF) depletion

are masked (even if very dehydrated) because water moves from cells

to the extracellular compartment.

Salt overload: may be signs of volume overload, such as oedema,

pulmonary venous congestion, and hepatomegaly. In cases of sudden

salt ingestion (e.g. deliberate salt poisoning) there is rapid progression

to coma often without signs of hypervolaemia, with mortality as high as

30-60%.

Investigations

Plasma and urine U&Es, creatinine, glucose, and osmolality. Always con-
sider the possibility of a urinary concentrating defect (see Ll ‘Disorders of
renal water handling’, p.155 as this alters management).

Management of hypernatraemic dehydration

The general principle is that alterations that have happened acutely can

be corrected relatively quickly (24-48h), whereas chronic alterations

should be treated slowly. This is because of the adaptive response of brain
cells to hypernatraemia—uwith time they increase intracellular osmolarity,
decreasing movement of water out of cells, and preventing intracellular
dehydration, by intracellular production of osmotically active low molec-
ular weight organic molecules. This is important because if hypernatraemia
is rapidly corrected before the brain cells have had time to adjust back to

a normal intracellular osmolarity, then fluid will pass into the cells and

catastrophic cerebral oedema will develop. This is the reason that the suc-

cessful management of hypernatraemia depends on a gradual lowering of
the Na.

o Shock should be corrected by 0.9% saline solution 20mL/kg over 30 min
and repeated if necessary.

o Never give hypotonic fluids as a bolus! It will lead to a rapid imbalance
between extracellular and intracellular tonicity, and movement of
water into cells, with the risk of fatal brain oedema and herniation. The
plasma Na should be reduced by not more than 15 mmol/day.

o If IV fluids are used then 0.9% saline is usually a good initial starting

point, but always consider the possibility of a renal concentrating

defect. Check the urine osmolality—this should be well above plasma
osmolality in hypernatraemic dehydration. The tonicity of the fluid
given (not considering dextrose content) should not exceed the
tonicity of the urine. Thus, if the urine osmolality is 150 mosm/kg (as

in diabetes insipidus), then fluid given should be dextrose with either

water or 0.18% saline.

Normal hydration should be achieved over 36—48h and perhaps 72h

if the initial plasma Na is >170 mmol/L. Fluid volume is calculated by

considering maintenance requirement, plus deficit, plus ongoing losses.
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Example: a 3-kg neonate with 20% dehydration aiming for correction over
48 h: maintenance: 300 mL/day = 600mL plus deficit of 600mL = 1200mL
over 48h = 25mL/h. If there are ongoing losses (diarrhoea, vomiting)
this needs to be added. The key is close monitoring of vital signs,
weight, fluid balance and electrolytes (6-hourly initially) to adjust
treatment if needed.

o In the case of a urinary concentrating defect, administered fluids
(except for boluses) should have a Na concentration equal to or lower
than that of urine, otherwise hypernatraemia will worsen.

o Oral rehydration therapy in diarrhoeal-induced hypernatraemic
dehydration is safe in children who are not shocked, despite a faster fall
in plasma Na.

e Persistent oliguria when circulatory impairment has been corrected
indicates:

« acute kidney injury (AKI), due to acute tubular necrosis;
« possible renal venous thrombosis.

Management of hypernatraemia due to salt excess

o Will correct spontaneously if renal function is normal (salt is excreted
by kidneys).

» Avoid too rapid a correction of plasma Na (risk of cerebral oedema-
see [ ‘Management of hypernatraemic dehydration’, p.102).

o If AKl is present, dialysis may be indicated.
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Disorders of sodium and water:
hyponatraemia

Definition

Plasma Na <135 mmol/L. Due to:

o Gain of water in excess of Na (common).
o Loss of Na in excess of water (rare).

Definition of terms

o Osmolal gap: the difference between the calculated osmolality and the
measured osmolality: (2 X [Na + K] + [urea] + [glucose]) — (measured
osmolality).

Factitious hyponatraemia: occurs as a result of a fluid shift between the
intracellular fluid (ICF) and ECF compartments due to the presence
of abnormal, relatively impermanent solutes in the ECF. Examples of
such solutes are glucose in excess, mannitol, sorbitol, and maltose.

In factitious hyponatraemia, the measured plasma osmolality is high
despite the low plasma Na and, with the exception of hyperglycaemia,
the osmolal gap will be greater than 10 mosm/kg.
Pseudohyponatraemia: associated with a normal plasma osmolality

and an increased osmolal gap may occur if there is a reduction in the
fraction of plasma water. The plasma water fraction may fall below
80% in patients with marked hyperlipidaemia or hyperproteinaemia,
and if the technique of flame photometry, which measures electrolyte
concentration in whole plasma, is used, the plasma Na is artefactually
reduced. Most laboratories now use ion-selective electrodes or other
techniques that measure the plasma water electrolyte concentration
directly; thus, in most cases, the problem should no longer arise.

[ ]

A diagnostic algorithm for the assessment of hyponatraemia is given in
Fig. 6.2.

Clinical features

o Acute water intoxication: low plasma osmolality will cause movement
of water into cells. Most important consequences occur in the brain,
as space to accommodate cell swelling is confined by the skull, causing
nausea, emesis, headaches, disorientation, seizures, coma, death.

o Chronic hyponatraemia: adaptive mechanisms to equilibrate intra- and
extracellular osmolality (mainly excretion of osmols from cells) have
had time to take place; often patients are asymptomatic or have milder,
non-specific symptoms, such as malaise, anorexia, and headaches.

Investigations

o Plasma and urine U&Es, glucose, albumin, and osmolality.
o Plasma liver function tests (LFTs), triglycerides.

o Consider adrenal and thyroid function tests.
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@
Clinical euvolaemia or oedematous
Increased body weight
Too much water

FENa >1%

FENa <1%
Uoem =P,

FENa <1%
Ugem >P.

U, Isotonic

osm osm osm osm

Heart failure
Nephrosis
Low GFR Cirrhosis iﬁ;’i}lsia

CKD Enteropathy
Low albumin

(b) Clinical dehydration
Decreased body weight
Too little salt

FENa >1%
U, gm Isotonic

FENa <1%

Ugem >P,

osm 7' osm

v

v

Renal salt wasting

Adrenal insufficiency
Congenital adrenal hyperplasia
Urinary tract obstruction

Gastrointestinal losses
Sweat losses

Cystic fibrosis

CSF losses

Fig. 6.2 (a) A diagnostic algorithm for hyponatraemia due to an excess of water.
(b) A diagnostic algorithm for hyponatraemia due to a deficiency of salt.

The limit for FENa of 1% is not absolute. Neonates have higher FENa due to tubular immaturity.
In general, the lower the FENa, the better tubular reabsorption.
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Syndrome of inappropriate antidiuretic hormone
Diagnosis

o

Decreased plasma osmolality (<280mosm/kg).

Inappropriately high urine osmolality (higher than plasma).

No evidence of volume depletion.

Absence of other conditions that cause retention of free water,

e.g. renal, hepatic or cardiac failure, or adrenal, pituitary, or thyroid
dysfunction.

Decrease in haematocrit, plasma albumin, urea, uric acid, and creatinine
concentrations as a consequence of increased ECF volume are
indicative of SIADH.

Note: As a consequence of the increased ECF volume from water reten-
tion in SIADH, the kidneys increase urinary Na excretion, leading to urine
Na concentrations typically around 20-70mmol/L and even higher, if salt
is supplemented. This often leads to confusion with salt wasting states.
The latter have evidence of volume depletion.

Causes of SIADH

Pain, stress.

CNS disease: meningitis, head injury.

Lung disease: pneumonia, tumours.

Drugs: SIADH often occurs several days after certain drugs. Exogenous
vasopressin, vincristine, nicotine, chlorpropamide, carbamazepine,
tricyclic antidepressants, selective serotonin reuptake inhibitors (SSRIs),
thioridazine, cyclophosphamide, clofibrate, bromocriptine, haloperidol,
thiothixene, monoamine oxidase inhibitors.

Inherited: gain-of-function mutation in the vasopressin receptor AVPR2
(R137C or R137L). See LH ‘Nephrogenic syndrome of inappropriate
antidiuresis’, p.159.

Emergency management

The main concern of rapid correction of hyponatraemia is the
development of pontine myelinolysis with permanent neurological
sequelae. However, in an acutely symptomatic child (e.g. having
seizures) with hyponatraemia, hypertonic saline is used to achieve a
rapid increase in plasma Na to a level usually considered ‘safe’, which is
125mmol/L.

A bolus of 2-3ml/kg of 3% saline can be given. The rate of
administration should be slowed as soon as symptoms improve, so that
the total increase in plasma Na does not exceed 10mmol/day.

The bolus may need to be repeated if symptoms persist.

Non-emergency management
With water excess

[ )
L]

Restriction of water intake.

Careful fluid balance, and monitoring of weight and electrolytes
necessary, as water output must exceed water intake to achieve net
water removal. This can be especially difficult in SIADH, when the
urine is concentrated and thus urine volume low.
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Especially challenging in infants where nutrition is provided in liquid
form. Formulas should be maximally concentrated to allow fluid
restriction without starving the baby.

o Loop diuretics can be considered, as they impair the urinary
concentrating mechanism and thus enhance water excretion.

They can be especially helpful in hyponatraemia associated with
nephrotic syndrome, and also in SIADH. The recently introduced
vasopressin receptor antagonists (e.g. tolvaptan) may provide an
alternative in the future.

With salt deficiency

Salt deficiency is usually associated with hypovolaemia. Replacement of
the volume deficit and ongoing losses with normal saline is a reasonable
first treatment. Again, close monitoring of the patient is necessary to
avoid too rapid correction.
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Disorders of potassium: basic principles

o More than 98% of body potassium (K) is intracellular, yet we measure
extracellular K concentration. The plasma K level is therefore only a
poor representation of total body K and levels can change because of a
shift of K between compartments, as well as from changes in total K.

o In general, acute changes reflect shifts between compartments

and chronic changes reflect total K. Since the ratio of extra- and

intracellular K is the major determinant for the membrane potential

of excitable cells, such as in heart or the neuromuscular system,
acute changes in K can be life-threatening. A good indicator for the
physiological relevance of a given K level is the height of the T wave
in the electrocardiogram (ECG): hypokalaemia is associated with

ST-depression, a flat T-wave and emergence of a U-wave, whereas

hyperkalaemia leads to peaked T-waves. If these changes are not

present, the K level is unlikely to represent an emergency.

Distribution of K between the ICF and ECF is maintained primarily by

the Na*/K*+-ATPase. Compounds that enhance the activity of this

pump, such as insulin or adrenergics can cause K alterations and be
used for treatment of hyperkalaemia.

o Kexcretion in the kidney is determined in the collecting duct under
the control of aldosterone. Excretion of K needs electrical balancing,
typically by exchanging it for Na. Thus, a prerequisite for K excretion is
sufficient distal delivery of Na, which is impaired in dehydration.
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Disorders of potassium: hyperkalaemia

o Pseudohyperkalaemia: artefactually high plasma K caused by
movement of K out of cells after blood taking. The commonest cause
in paediatrics is a haemolysed blood sample (Fig. 6.3). Other causes

include:

* hereditary spherocytosis and familial pseudohyperkalaemia, caused
by excessive tendency of K to leak from red cells as a result of

cooling of blood ex vivo;
leaving the blood for a prolonged period prior to centrifugation and

separation of the plasma from the cellular fraction will also cause

pseudohyperkalaemia;

improper collection or handling of blood sample (e.g. K

ethylenediaminetetra-acetic acid (EDTA) contamination);

* any other cause of in vitro haemolysis, e.g. excessive shaking of
blood bottle following collection;

¢ leucocytosis or thrombocytosis.

No

No,

Assess aetiology:

GFR<15mL/min/1.73m?

>5.5mmol/L

:

ECG: arrhythmia? Peaked
T-wave! ST depression?
Prolonged QRS?

Emergency management (for dosing, see

Box 6.1):
« Calcium
« B-adrenergics
« Insulin/glucose
Consider bicarbonate if acidotic

Impaired distal K"~
secretion:
* Low aldosterone
« Aldosterone
insensitivity
* Drugs

l

Excess K*
 Endogenous: G-
bleed, haemolysis,
rhabdomyolysis
« Exogenous: diet,
transfusion

Drugs impairing K*~secretion

« K*—sparing diet

Treatment of chronic hyperkalaemia:
« Treatment of underlying kidney disease (if present), such as: obstruction, interstitial nephritis

« Withhold/decrease drugs impairing K*~secretion (K*-sparing diuretics, ACEI, ARB, NSAIDS,
trimethoprim, calcineurin inhibitors, B-blockers, heparin)

« K—exchange resins
«+ K*-lowering diuretics (loop diuretics or thiazides)
« Dialysis, if GFR<15mL/kg/1.73m”

Fig. 6.3 An algorithm for hyperkalaemia.
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Causes of true hyperkalaemia

Glomerular filtration rate <15mL/min/1.73m?

Patients with CKD 5 have an intrinsic risk of hyperkalaemia, but this can

be compounded by the following:

o Decreased renal excretion: AKI, K-sparing diuretics, angiotensin-
converting enzyme inhibitor (ACEI), angiotensin Il receptor blocker
(ARB), beta-blockers, non-steroidal anti-inflammatory drugs (NSAIDS),
trimethoprim, heparin.

o Increased K load: Oral/IV supplementation, blood transfusion,
endogenous cell breakdown (e.g. tumour lysis syndrome, Gl-bleed,
rhabdomyolysis, haemolysis, catabolic state).

GFR>15mL/min/1.73m?

The kidneys have a very high capacity to excrete K. Hyperkalaemia thus
develops virtually only if other factors are present that impair distal
K secretion. This can be estimated using the transtubular K gradient
(TTKG):

TTKG = (Urine K/urine osmolality)/(Plasma K/plasma osmolality)

Normal values of TTKG in children are 4.1-10.5 (median 6.0); for infants
the normal range is 4.9-15.5 (median 7.8). A decrease in TTKG suggests
aldosterone deficiency or insensitivity. An increase in TTKG suggests
dietary excess of K or high aldosterone activity.

Example You are asked to give advice regarding a 10-day-old female neonate
on the intensive care unit with the following investigation results. Specifically,
you have been asked whether the results may be caused by adrenocor-
tical insufficiency (e.g. congenital adrenal hyperplasia). Na 132mmol/L,
K 8.9mmol/L (non-haemolysed), urea 2mmol/L, creatinine 23umol/L. You
request urinary electrolytes, and paired (blood and urine) osmolarity: urine
K 10mmol/L, urine osmolarity 151mmol/L, plasma osmolarity 311mosm/L.
This gives a TTKG of 2.3. This value would be compatible with aldosterone
(mineralocorticoid) deficiency or insensitivity. The differential diagnosis
would thus include congenital adrenal hyperplasia or hypoplasia, hypoaldos-
teronism, or pseudohypoaldosteronism or insufficient distal Na delivery.

Causes for impaired potassium secretion
o Volume depletion/impaired distal Na delivery.
Obstructive uropathy.

Interstitial nephritis.

Drugs, e.g. ciclosporin, tacrolimus, NSAIDs, ACEl, ARB, trimethoprim,
K-sparing diuretics.

Congenital adrenal hyperplasia.

Primary hypoaldosteronism.
Pseudohypoaldosteronism type 1 and 2.

Sickle cell disease.

Diabetes mellitus.

Rarely, hyperkalaemia is due to redistribution:
o Metabolic/respiratory acidosis.
o Hyperkalaemic periodic paralysis.
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o Insulin deficiency (diabetic ketoacidosis: may be hyperkalaemic, but
total body K depleted).
o Drugs/toxins.

Clinical features

o Muscle weakness.

o Cardiac arrhythmia.

o Hyperkalaemic renal tubular acidosis.

ECG changes

See Fig. 6.4.

o Peaked T waves (‘tenting’).

o Loss of P wave.

o Widened QRS.

o ST depression.

o Bradycardia, heart block, ventricular arrhythmia, cardiac arrest
(K >10mmol/L).

o See Box 6.1 for emergency treatment.

Box 6.1 Emergency treatment

See also Chapter 17. Seek cause and treat appropriately. The following

is a guide:

o Place on cardiac monitor

o Salbutamol nebulizer 2.5-5mg: repeat three times—can be given

continuously, or

Salbutamol IV 4 micrograms/kg in 5mL water given over 10-20min

o Correct acidosis: Na bicarbonate 1-2mmol/kg IV over 30 min

o Calcium Resonium® 1g/kg (to a maximum 60g), then 0.25-1g/kg qds
po/pr. If given orally, should give with lactulose 5-10 mL qds

o Ca gluconate 10%: 0.5 mL/kg IV over 10 minutes (note- this does not

lower K, but protects the myocardium against arrhythmias)

Glucose 0.5-1g/kg and insulin 0.1-0.2U/kg as a bolus, or continuous

infusion of 10% glucose at 5mL/kg/h (0.5g/kg/h) with insulin 0.1U/kg/h.

Monitor glucose at least hourly

Consider HyperK cocktail (see Table 6.1)

Dialysis.

Table 6.1 Some constituents of a HyperK cocktail

Constituents Amount
30% Glucose 500mL
Regular insulin 30U

10% Ca gluconate 30mL
Sodium acetate 100mmol

Infuse at 2mL/kg/h, preferably by central line for the first hour, then 1-2mL/kg/h.
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105«
Further QRS widening
and ST depression
95
QRS widening
ST depression
Peaked T wave
85
Absent P wave
ST depression
Peaked T wave
75. Slight widening of QRS
Prolonged PR interval
Peaked T wave
6.5+ FETTETTANRITIARIRSATINS AN
L Normal
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ST depression
Low amplitude T wave
20 Prominent U wave
‘A/\ Further ST depression and
10 prominence of U wave

Fig. 6.4 Typical ECG patterns seen with plasma levels
(indicated on the left).

* VT or VF
* Nodal rhythm
* Primary AV block

* Sinus bradycardia/arrest

« Ventricular ectopics
« Atrial/nodal tachycardia
* VT or VF

of K from 1.0-10.5 mmol/L



HYPOKALAEMIA

Disorders of potassium: hypokalaemia

o Hypokalaemia, unless of acute onset, is rarely a clinical emergency.

o Caused by either a shift of K into the ICF or by total body K depletion.

Clinical features
o Muscle weakness, paralysis.
o Smooth muscle involvement: intestinal ileus, ureteric dilatation.
o Cardiac: myocardial cell necrosis, arrhythmia, and ECG changes
(Fig. 6.5).
o Rhabdomyolysis and myoglobinuria.
e Lethargy, confusion, tetany.
o Autonomic insufficiency: postural hypotension.
o Renal consequences:
* decreased concentrating capacity: polyuria, polydipsia;
e increased renal ammonia production;
* increased proton secretion in distal tubule (to allow Na
reabsorption) => maintenance of metabolic alkalosis.

ECG changes

See Fig. 6.4.

o Prolonged QT and QU interval.
o Increased U wave amplitude.
Prolonged QRS.

ST depression.

Decreased T wave amplitude.
Increased P wave amplitude.
Increased PR interval.

Investigations

o Careful dietary and fluid intake history, and document extra losses,
e.g. diarrhoea or vomiting.

o Careful drug history (diuretics/laxatives/chemotherapy/amphotericin).

o Measure BP (hypertension and hypokalaemia—think about Conn’s,
Liddle’s, and Cushing’s syndromes).

Laboratory and radiological investigations guided by clinical suspicion:
o Plasma chemistry: look for evidence of tubulopathy (acidosis

or alkalosis, dehydration, hypophosphataemia, hypocalcaemia,
hypomagnesaemia).

Blood gas.

Urine chemistry: consider Na, K, Ca, Mg, creatinine, osmolality, pH, and
excessive urinary losses of K.

o Plasma glucose and urine glucose/ketones.

o Plasma renin activity, aldosterone.

o Plasma cortisol; (24-h) urine corticosteroid profile.

L)

L]

o o

Renal US (nephrocalcinosis).
X-ray knee or wrist for associated rickets.
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Assessment (Fig. 6.5)

K <3.5mmol/L

Paralysis? Arrhythmia?

No Yes
Assess aetiology: Emergency management :
Fractional excretion of K >10% * KCl 40mmol/L infusion
0.2mmolikg/h (SmUikg/h) with ECG
No Yes monitoring

- Renal losses
Non-renal hypolalaemia: With volume depletion (secondary hyperaldosteronism)
+ Diarrhoea I
« Diuretics

* Laxative ab\tuse * Bartter/Gitelman/Fanconi syndrome
* Inadequate intake « Toxins (ifosfamide, amphotericin, cisplatin)
+ Redistribution: insulin, adrenergics « Vomiting

+ Hypokalaemic periodic paralysis With volume excess (primary hyperaldosteronism)
« Licorice abuse

« Conn syndrome

+ Cushing syndrome

« Renal artery stenosis

« Liddle syndrome

« Apparent mineralocorticoid excess

* Glucocorticoid-remediable hypertension
With acidosis

« Distal RTA

Fig. 6.5 An algorithm for the assessment of hypokalaemia.

Treatment

o Emergency treatment: very rarely there is an urgent need to correct
severe hypokalaemia (e.g. arrhythmia or paralysis). In most other cases,
rapid infusion of K* is likely to cause more harm than good. Excess
administration can be fatal! IV bolus administration should therefore
be happening with ECG monitoring, ideally in the intensive care setting.
According to British National Formulary for Children (BNF-C), KCl
should be diluted to 40mmol/L and given at a rate not exceeding
0.2mmol/kg/h (5mL/kg/h). Some authors set higher limits—0.5mmol/kg
in 20mL of 5% glucose over 30min with a concentration not exceeding
80mmol/L. However, the higher the concentration and dose, the more
likely even a small error in calculation or infusion speed can be fatal!
Oral supplementation with K* usually suffices. Dose is dependent

on cause (see L1 ‘Disorders of renal salt handling: proximal tubule’,
p.144, on renal Fanconi syndrome and tubulopathies). In children with
salt-wasting tubulopathies, such as Bartter and Gitelman syndrome,
normokalaemia is rarely achieved and excessively high doses of oral
supplementation may cause vomiting or diarrhoea and thus worsen the
hypokalaemia starting a vicious circle of increasing supplementation,
worsening Gl-symptoms and lower plasma K*. A plasma K* of
2.5mmol/L or higher is usually acceptable.

Replacing K* in children with renal failure should be carefully
considered since hyperkalaemia can easily occur.




DISORDERS OF CALCIUM

Disorders of calcium: basic principles

o Calcium (Ca) is the most abundant mineral in the body with >98%
stored in bone.
o Plasma Ca is tightly regulated with a normal range of 2.1-2.6mmol/L.
However, normal ranges vary with age and infants typically have higher
Ca levels than older children (see Ll Chapter 18, p.409).
Approximately 40% of plasma Ca is protein-bound (mainly albumin)
and 10% complexed to anions, such as bicarbonate and phosphate.
The remaining 50% represents the biologically active ionized or free
Ca. Thus, total Ca levels vary with those of the binding partners and
the following formula is commonly used to ‘correct’ total Ca levels for
albumin levels:

Corrected Ca (mmol/L) = Measured total Ca (mmol/L) +
0.02 (40-albumin (g/L))

Each mmol/L Ca is equivalent to 2.5mg/dL.
Measurement of ionized Ca is a better indicator of physiologically
active Ca, but can be acutely altered by technique, such as the use of a
tourniquet, which may cause intracellular Ca release and acidosis. The
proportion of free Ca varies with pH, as protons compete with Ca for
albumin binding sites: thus, alkalosis decreases and acidosis increases
free Ca.
Functions of Ca include:
« stabilization of cell membranes;
e intra- and intercellular signalling, e.g. muscle contraction;
* neurotransmitter release, hormone secretion (PTH);
* co-factor in enzymatic processes, especially clotting;

* stabilization of skeletal and dental structure.
o Key organs involved in Ca homoeostasis are:

« gut (absorption): active (transcellular) and passive (paracellular)
transport. Active transport is regulated by Vitamin D;
bone (storage): Ca can be stored in (stimulated by Vitamin D) or
released from (stimulated by PTH) bone;
kidney (excretion): about 65% of filtered Ca is passively reabsorbed
in the proximal tubule and another 25% in the thick ascending limb
of Henle’s loop (see L ‘Disorders of renal salt handling: basic
principles’, p.140). The remaining 10% is actively (transcellularly)
reabsorbed in the distal convoluted tubule under control of PTH;
filtered vitamin D (bound to vitamin D-binding protein) is
reabsorbed and 1-a. hydroxylated in the proximal tubule;
parathyroid glands (regulation): the parathyroid glands produce the key
regulatory hormone PTH, secretion of which is controlled by direct
feedback from Ca levels (via the Ca-sensing receptor), phosphate,
and vitamin D (via vitamin D receptor) (see Chapter 18).
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Disorders of calcium: hypercalcaemia

Definition
Total Ca (corrected)>2.6mmol/L, ionized Ca >1.3mmol/L. Severe, if total
Ca (corrected)>3.0mmol/L, ionized Ca >1.5mmol/L.

Causes

LN 1 e o 0o 0o o e o [ ] o o

Hyperparathyroidism (primary, tertiary, not secondary).
Inherited loss of function of the Ca sensing receptor (CaSR): loss
of function of one allele (dominant inheritance) causes familial
hypocalciuric hypercalcaemia. Hypercalcaemia in this disorder is
usually asymptomatic and thus requires no treatment. In contrast,
loss of function in both alleles (recessive inheritance) cause neonatal
severe hyperparathyroidism, which results in rickets, extraosseous
calcifications, and neurodevelopmental delay. Treatment is early
parathyroidectomy.

Idiopathic infantile hypercalcaemia.

CKD (see Chapter 18):

» Ca-containing phosphate binders;

« activated vitamin D supplementation;

* adynamic bone disease;

« after transplantation when tertiary hyperparathyroidism present.
Malignancy associated hypercalcaemia:

¢ synthesis of PTH-related peptides by the tumour;

* calcitriol producing lymphoma.
Vitamin D intoxication.

Extrarenal 1-alpha-hydroxylase activity: TB, sarcoidosis, lymphoma,
cat-scratch fever, and other granulomatous diseases (phosphate usually
normal).

Leprosy.

Milk-alkali syndrome.
Vitamin A toxicity.

Immobilization: particularly after fracture.
After BMT for osteopetrosis (transplanted osteoclasts remove excess
bone).

Subcutaneous fat necrosis.

Other endocrine causes: hyperthyroidism and hypothyroidism,
phaeochromocytoma, adrenal insufficiency, islet cell pancreas tumour,
VIPoma.

Drugs: aminophylline, oestrogen, thiazide diuretics, prostaglandin E
infusion.

Syndromic:

* William’s syndrome (see L ‘William'’s syndrome’, p.343);

¢ Jansen’s syndrome (autosomal dominant—neonates with

hypercalcaemia, rickets, metaphyseal dysplasia, low PTH);
* hypophosphatasia: alkaline phosphatase low or absent,
hypercalcaemia, hypercalciuria, rickets.



HYPERCALCAEMIA

Clinical features

Often asymptomatic, depending on severity and rapidity of onset.

o ‘Stones’ renal calculi; ‘Bones’ bone pain; ‘Moans’ depression; ‘Groans’
(abdominal) due to constipation.

o Failure to thrive.

o Nephrocalcinosis/lithiasis.

o Decreased GFR.

o Short corrected QT-interval (QTc), arrhythmias.

o Hyporeflexia.

o Polyuria (nephrogenic diabetes insipidus).

e Venous thromboses.

o Metastatic calcification.

Investigation

Investigations to be considered in all cases

o U&Es, creatinine, Ca (total) and phosphate, and venous bicarbonate.
o Liver function tests including albumin and alkaline phosphatase.

o lonized Ca.

o PTH.

o Daytime spot Uca:Ucr.

o US kidneys for nephrocalcinosis.

Investigations to be considered in select cases

o Vitamin D levels: these are expensive and results are often delayed.
May be omitted if clear history of vitamin D intoxication.

Blood gas: pH, pCO,, pO,, bicarbonate, base excess.

Thyroid function tests.

US of parathyroid glands.

FBC and blood film/bone marrow aspirate and trephine/lymph node
biopsy if suspected malignancy.

Computed tomography (CT) or magnetic resonance imaging (MRI) of
abdomen and chest.

Mantoux test and/or quantiferon test (or similar gamma interferon
release assay for Mycobacterium tuberculosis).

Serum ACE.

C7q FISH for William’s syndrome.

X-ray knee and wrist for rickets.

X-ray skeletal survey (occult fracture or syndromic skeletal dysplasia,
e.g. Jansen’s syndrome).

ECG.

Serology for cat scratch fever.

Endocrine tests: urine vanillylmandelic acid (VMA)/ homovanillic

acid (HVA); plasma and urine adrenaline and noradrenaline; other
(e.g VIPOMA- seek expert advice).

o Genetic test for hypocalciuric hypercalcaemia.
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Assessment

See Fig. 6.6.
T Total calcium
No e
T Ionize@—» 7T Binding partners:
-check albumin and

Yes electrolytes
UpTH Yes o Vigmin
No Yes / x
Primary or tertiary Vitamin D Rare causes,
hyperparathyroidism intoxication see text

Fig. 6.6 An algorithm for the assessment of hypercalcaemia.

Treatment

In asymptomatic cases, identification and removal of the underlying cause
is usually sufficient, e.g. stopping Vitamin D supplementation. In acute
symptomatic cases the following can be used:

Hyperhydration (e.g. 3 /m?%/24h IV 0.9% saline): Ca reabsorption in the
proximal tubule passively follows Na reabsorption. As volume expan-
sion diminishes proximal Na reabsorption, urinary Ca excretion will be
increased.
In severe hypercalcaemia that does not respond, there is the occasional
need for:
o Loop diuretic (furosemide 1 mg/kg/IV): 6-8-hourly (may need to replace
K'and Mg) to minimize Ca reabsorption in Henle’s loop.
o Corticosteroid: occasionally for chronic hypercalcaemia e.g. in sarcoid.
o Calcitonin infusion (salcatonin, derived from salmon): 5-10U/kg IV
followed by 4U/kg IV or SC 12-24-hourly.
o Dialysis: if concomitant oliguric renal failure.
o Bisphosphonate (e.g. pamidronate infusion): usually for hypercalcaemia
of malignancy (especially if bone pain) or immobilization:
* the dose of pamidronate is Tmg/kg/day to a maximum of 60mg,
usually on three successive days;
dilute pamidronate initially in water, but infuse in saline or 5%
glucose;
final concentration should not exceed 12mg/100mL of diluent;
give infusion over 4h on first occasion; thereafter, pamidronate can
be given over 2—4h.
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Disorders of calcium: hypocalcaemia

Definition
Total Ca (corrected) <2.1mmol/L, ionized Ca <1.2mmol/L. Severe hypoc-
alcaemia, if total Ca (corrected)<1.75mmol/L, ionized Ca <0.8mmol/L.

Causes

Neonatal

o Birth trauma, perinatal asphyxia.

o Prematurity.

o Respiratory distress syndrome.

e Infants of diabetic mothers.

o latrogenic: Na bicarbonate therapy; exchange transfusion; increased free
fatty acids (intralipid).

o Congenital hypomagnesaemia with secondary hypocalcaemia.

e Transient neonatal hypoparathyroidism:

after operation or in severe infection;

maternal hyperparathyroidism;

maternal osteomalacia;

high phosphate intake (cow’s milk formula);

persistent idiopathic hypoparathyroidism;

Di George syndrome;

intestinal malabsorption.

Older children
o Lack of PTH effect (hypoparathyroidism, pseudohypoparathyroidism).
e Vitamin D deficiency:

« nutritional rickets, malabsorption syndrome, chronic liver disease,
anticonvulsants;
renal rickets; AKI;
vitamin D dependent rickets/resistant rickets;
nephrotic syndrome (increased loss of Vitamin D with binding
protein).
Osteoblastic metastases.
Hypomagnesaemia: magnesium (Mg) is required co-factor for PTH
release from parathyroid gland.
o Hypercalciuria: usually compensated by increased Ca absorption in the
gut, but will compound nutritional Ca/vitamin D deficiency.
Hyperphosphataemia.
Tumour lysis syndrome.
Rhabdomyolysis.
Acute pancreatitis.
Hungry bones syndrome: healing of bones when there is an increased
requirement for Ca.
o Activating mutations of the Ca sensing receptor (autosomal dominant

hypoparathyroidism).
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o Drug-induced: phosphate enemas/infusion, laxatives, calcitonin,
colchicine, citrate, Ca-free albumin, furosemide, aminoglycosides.

o Alkalosis.

o Massive blood transfusion.

o Acute leukaemia.

Clinical features
o Neuromuscular:
paraesthesia and tetany;
* seizures;
* myopathy;
 psychosis;
e dementia;
* depression;
laryngospasm (hypocalcaemic stridor);
extrapyramidal disorders;
Chvostek sign (twitching of the facial muscles in response to gentle
tapping over the facial nerve anterior to the earlobe);
* Trousseau sign: carpal spasm following inflation of
sphygmomanometer over upper arm above systolic BP.
o Skin and ectoderm:
e dry skin and eczema;
« hair loss, brittle nails, candidiasis;
* lenticular cataracts;
* tooth enamel hypoplasia.
o Hypotension, prolonged QT, heart block, ventricular arrhythmias,
congestive cardiac failure (chronic hypocalcaemia).

Assessment

See Fig. 6.7.
J Total calcium

v

No
{ Ionized@—v  Binding partners: -check
albumin and electrolytes

Yes
A4
0 PTH Yes 1 Vitamin
D
No Yes / No
Primary Vitamin D Rare causes,
hypoparathyroidism deficiency see text
Hypomagnesaemia

Fig. 6.7 Assessment of hypocalcaemia.
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Treatment

Acute symptomatic hypocalcaemia

o 0.3ml/kg 10% Ca gluconate IV over 10-30min (monitor heart rate for
bradycardia); can repeat until normal. Ensure good vascular access as
extravasation causes severe skin injury.

o Correct hypomagnesaemia if present. 0.2mL/kg of 50% Mg sulphate [V
over 30 min; repeat as necessary.

o Consider ongoing replacement therapy after the acute episode, e.g.
maintenance infusion of 10% Ca gluconate (0.2-1Tmmol/kg/day) or oral
Ca supplements (50—-75mg/kg/day of elemental Ca in four doses).

Chronic hypocalcaemia

o In patients with CKD (see Chapter 18).

o 1,25-dihydroxycholecalciferol (calcitriol) and |-a-
hydroxycholecalciferol (alfacalcidol) are used to treat chronic
hypocalcaemia resulting from hypoparathyroidism and
pseudohypoparathyroidism. Aim to maintain the plasma Ca
concentration in the low normal range and monitor Uca:Ucr (risk of
hypercalciuria and nephrocalcinosis; see 1 ‘Renal calculi’, p.174
stones for normal ranges).

o Calcitriol: started at the initial oral dose of 15ng/kg (maximum dose
1.5microgram/day) usually in a split twice daily dose.

o Alfacalcidol: initial starting dose of 10-25ng/kg/once daily (maximum
dose usually 2microgram/day). Alfacalcidol is usually administered as a
single daily dose.
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Disorders of magnesium: basic
principles

o Mg is the second most abundant cation in the body, localized mainly

in bone and intracellular compartments. Less than 1% is present in the
ECF, of which about 30% is protein-bound (mainly albumin) and 10% is
complexed to other anions (e.g. bicarbonate, phosphate). The rest is in
the biologically active, ionized form. Total Mg levels can be corrected
for hypoalbuminaemia with the following formula:

Corrected Mg(mmol/L) = total Mg (mmol/L) + 0.005*(40-albumin(g/L))
Tmmol/L of Mg is equivalent to 2.5 mg/dL.

Functions of Mg include:

* co-factor in many biological processes, including DNA synthesis
and translation, provision of cellular fuel in the form of nucleotide
triphosphates and metabolism of glucose, fatty acids, and protein;

* stabilization of cell membrane;

e intra- and intercellular signalling.

Necessary co-factor for stimulation of CaSR.

Magnesium is transported in gut and kidney using both passive
(paracellular) and active (transcellular) pathways. A common
component of the transcellular pathway in both gut and kidney is
TRPMé (see also L1 ‘Disorders of renal magnesium handling’, p.160).

LN 1
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Disorders of magnesium:
hypermagnesaemia

The kidneys can increase fractional Mg excretion to almost 100%, thus
hypermagnesaemia is exceedingly rare without concomitant renal failure.

Definition
Plasma Mg >1.0mmol/L.

Causes

o Impaired renal excretion: CKD; lithium.

o Increased Mg uptake: Mg infusions, use of Mg-containing antacids or
laxatives.

o Intracellular release: cell necrosis.

o Impaired regulation: the CaSR is also important in the regulation of Mg
and loss-of-function as in familial hypocalciuric hypercalcaemia (see
1] ‘Disorders of calcium: hypercalcaemia’, p.116) is also associated
with hypermagnesaemia.

o Other: hypothyroidism, Addison’s disease.

Clinical features

Clinical symptoms are usually only seen if the plasma Mg exceeds 2.0mmol/L.

These can include:

o Lethargy, drowsiness, nausea, flushing, loss of deep tendon reflexes.

e lleus, urinary retention.

o ECG changes (prolongation of PR and QT, widening of QRS) and
arrhythmia.

o Coma, paralysis, apnoea if levels >5.0mmol/L.

Investigations

o History: use of Mg-containing medications.

o U&Es and creatinine to assess kidney function.

e Urine Mg and creatinine to assess fractional excretion of Mg (expect
>5% as appropriate renal response).
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Disorders of magnesium:
hypomagnesaemia

Definition
Plasma Mg <0.7 mmol/L.

Causes

Increased renal excretion
o Inherited disorders: see L1 ‘Disorders of renal magnesium handling’,
p.160.
o Acquired:
« tubular damage: ATN, tubulointerstitial nephritis, postobstuctive;
* drugs: thiazides, tacrolimus, ciclosporin, loop diuretics,
aminoglycosides, amphotericin, cisplatin, foscarnet, pentamidine.

Decreased intestinal absorption

o Inherited disorders: familial hypomagnesaemia with secondary
hypocalcaemia (see EL ‘Disorders of renal magnesium handling’, p.160);
primary intestinal hypomagnesaemia (Paunier disease).

o Malabsorption syndrome.

o Short bowel syndrome.

o lleostomy.

o Coeliac disease.

o Inflammatory bowel disease.

o Prolonged diarrhoea and laxative use.

Decreased intake

o Prolonged vomiting or nasogastric suction.
e Malnutrition.

o Parenteral nutrition.

Endocrine causes

o Hypoparathyroidism.
Hyperthyroidism.

Infant of diabetic mother.
Hyperaldosteronism.

Miscellaneous

e Hungry bone syndrome. Hypomagnesaemia can occur as a part of
the ‘hungry bone’ syndrome in which there is increased uptake of
Mg (and Ca) into bones as a result of bone healing, e.g. following
parathyroidectomy or treatment of rickets with Vitamin D.
Hypercalcaemia.

Phosphate depletion.

Volume expansion (mild hypomagnesaemia).

Intrauterine growth retardation (first 3—5 days of life).
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Clinical features

Hypomagnesaemia is usually asymptomatic, unless plasma levels are
severely depressed (<0.5mmol/L):

o Weakness, tremors and tetany seizures.

o Positive Chvostek and Trousseau signs.

o ECG changes, ventricular arrhythmias (Torsade De Pointes).

o Hypokalaemia (likely because of common aetiology).

o Hypocalcaemia: Mg is required co-factor for PTH release.

Investigations

o History (drugs, kidney disease, family history).

o U&Es with urine Mg, Ca, creatinine. In the presence of
hypomagnesaemia a fractional excretion of Mg (FEMg) >4% is
consistent with renal Mg wasting. However, with severely decreased
plasma levels and thus decreased filtered load of Mg, the FEMg may
well be below 4%. In those cases, normalization of plasma levels with [V
infusion of Mg may be necessary to establish aetiology.

Treatment

o Acute symptomatic hypomagnesaemia: 0.1-0.2mmol/kg of 10% Mg
sulphate (i.e. 0.25-0.5mL/kg) IV over 30min; repeat as necessary.
Consider ongoing replacement.

o Chronic asymptomatic hypomagnesaemia: oral Mg (e.g. Mg
glycerophosphate) 0.2mmol/kg/day three times daily In renal Mg
wasting, it is usually impossible to achieve normal plasma levels and
excessive oral supplementation may cause diarrhea, and thus worsen
hypomagnesaemia. Levels above 0.5mmol/kg are usually acceptable.
In patients with impaired intestinal absorption, intermittent IV
supplementation may need to be considered.
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Disorders of phosphate: basic principles

o Each mmol/L of phosphate is equivalent to 3.097mg/dL.

o Phosphate is the most abundant anion in the body, mostly stored in
bones and teeth.

o Less than 0.1% of total body phosphate is in plasma, where we
measure it.

o Phosphate levels vary with age and are highest in the neonate
(see [l Chapter 18, p.409).

o Functions of phosphate include:

* energy storage (ATP);

» component of lipids (phospholipids) and nucleic acids;

* signalling (protein phosphorylation);

* acid-base buffering.

o Key organs involved in phosphate homoeostasis are:

* gut (absorption), mostly duodenum and jejunum: active (transcellular)
and passive (paracellular) transport. Active transport is regulated by
Vitamin D, similar to Ca;

Bone (storage): phosphate can be stored in (stimulated by vitamin D)

or released from bone (stimulated by PTH), similar to Ca;

Kidney (excretion): under normal circumstances, more than 80% of

filtered phosphate is actively reabsorbed in the proximal tubule by

Na/phosphate co-transporters (NaPi) under control of PTH;

Parathyroid glands (regulation): The parathyroid glands produce the

key regulatory hormone PTH, which mobilizes Ca-phosphate from

bone and enhances renal phosphate excretion.

o A key regulatory factor for phosphate excretion is fibroblast growth
factor (FGF23). Other important factors, such as PHEX and Klotho
likely work through FGF23 (see Ll Chapter 18, p.409).
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Disorders of phosphate:
hyperphosphataemia

Definition

Plasma phosphate level above the age-appropriate upper limit of normal
(2.1mmol/L in infants, decreasing to 1.4mmol/L in adults (see J Chapter 18,
p.409).

Causes

Decreased renal excretion

o Renal impairment: as renal excretion of phosphate can be highly
upregulated, hyperphosphataemia most commonly occurs with a
decreased GFR.

o Hypoparathyroidism.

o Pseudohypoparathyroidism.

o Nephrotic syndrome.

Intracellular release
o Tumour lysis, rhabdomyolysis.
o Acidosis.

Increased absorption Phosphate enemas.

Endocrine causes

o Thyrotoxicosis.

o Acromegaly.

o Glucocorticoid deficiency.

Artefactual In vitro haemolysis.

Clinical features

o No specific symptoms, unless accompanying hypocalcaemia.

o Chronic hyperphosphataemia may induce ectopic calcifications,
including in blood vessels.

Investigations

o Plasma: U&Es and creatinine, including Ca, albumin, alkaline
phosphatase (ALP), PTH.

o Lactate dehydrogenase (LDH), uric acid, CK in suspected

rhabdomyolisis or tumour lysis.

Urine: phosphate and creatinine to calculate tubular reabsorption of

phosphate (TRP) = (1 — (urine phosphate/urine creatinine) X (plasma

creatinine/plasma phosphate)) x 100. TRP is expected to be <70% as

evidence for appropriately increased renal excretion.

Management

o In CKD: see Chapter 18.

o In acute tumour/rhabdomyolysis: saline infusion can enhance renal
phosphate excretion with an intact GFR. With a decreased GFR
consider haemodialysis.
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Disorders of phosphate:
hypophosphataemia

Definition
Plasma phosphate level below the age-appropriate lower limit of normal
(1.2mmol/L in infants, decreasing to 0.8mmol/L in adults).

Causes

Increased renal excretion

o Hyperparathyroidism.

o Vitamin D deficiency.

o Renal tubular dysfunction: Fanconi syndrome, TIN.

o Increased phosphaturic factors: hypophosphataemic rickets, post-renal
transplantation, tumour-related.

Increased intracellular uptake

o Refeeding syndrome (insulin release with feeding of malnourished
patients results in intracellular uptake of glucose and phosphate).

o Treatment of diabetic ketoacidosis.

o Alkalosis.

Decreased absorption

e Vitamin D deficiency.

o Malabsorption.

o Phosphate-binding antacids.

Endocrine causes
Glucocorticoid excess.

Clinical features

o No specific symptoms acutely, although severe hypophosphataemia
(<0.5mmol/L) may be associated with signs of decreased energy (ATP)
availability, including weakness, lethargy, paraesthesia.

o Long-standing hypophosphataemia will result in rickets.

Investigations
o Plasma: U&Es and creatinine, including Ca, albumin, ALP, PTH.
o Urine:
 phosphate and creatinine to calculate tubular reabsorption of
phosphate (TRP): 1-(urine phosphate/urine creatinine)/(plasma
phosphate/plasma creatinine). TRP is expected to be >80% as
evidence for appropriately increased renal excretion;
* Note: with severely decreased plasma phosphate and/or GFR, the
filtered load may be so low that TRP is within the reference range;
A better way is to calculate the threshold for maximum phosphate
reabsorption TMP/GFR: plasma phosphate — ((urine phosphate/urine
creatinine) x plasma creatinine).
o Skeletal X-ray in case of suspected rickets.
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Management

Depends on the underlying cause:

o Ensure sufficient phosphate supplementation in cases of increased
intracellular uptake.

o Normalize PTH by vitamin D supplementation in cases of rickets.

o With a fixed renal leak (e.g. hypophosphataemic rickets) persistent
normalization of plasma phosphate is virtually impossible and
phosphate supplementation is limited by side-effects such as diarrhoea.
Treatment should aim to minimize the associated rickets by Vitamin D
supplementation.
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Disorders of acid-base balance: basic
principles

The pH of plasma is tightly calibrated around 7.4 to enable optimal func-
tion of most enzymes in our body. This occurs mainly through regulation

of bicarbonate (HCOj3") and CO, concentrations, which are related via
the following equations:

Equation 1: H,O + CO, & H,CO; < HCO5™ + H*
Equation 2 (Henderson-Hasselbalch): pH= pKa + log (HCO;37/CO,)

CO; is regulated by the lungs and bicarbonate by the kidneys (directly
via reabsorption and indirectly via excretion of H*). Therefore, we sepa-
rate respiratory (ventilation of CO,) from metabolic disorders (excretion
of bicarbonate and H*), but the two processes can occur simultaneously
(mixed acid-base disorders). The individual contributions can be assessed
by plotting pH, CO, and bicarbonate on a nomogram (see Fig. 6.8).
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Fig. 6.8 A nomogram for the assessment of mixed acid-base disorders.

Reproduced with permission from Cogan MG (ed.) (1991). Fluid and Electrolytes: Physiology and
Pathophysiology. Appleton & Lange, Stamford. © The McGraw-Hill Companies, Inc.
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o Bicarbonate concentration on a blood gas analysis is calculated, not
measured. For most accurate assessment, bicarbonate concentration is
best measured in plasma.

o Steady state pH homeostasis is maintained in the kidney by excreting
acid in the urine equivalent to the acid load.

o Acid load consists mainly of sulphur-containing amino acids in the diet
(methionine, cystine), which are metabolized to sulphuric acid. Animal
proteins contain a higher amount of sulphur amino acids compared
with plant proteins. Conversely, plant protein contains a higher amount
of basic amino acids (lysine, arginine), thus vegetarians have a lower
acid load than the average Western diet high in animal protein.
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Disorders of acid-base balance: acidosis

Definition
A disorder leading to increased acidity. Because of buffering ability plasma
pH can remain normal and the acidosis manifests only in a decreased
plasma bicarbonate concentration. A fall of plasma pH below 7.35 is
referred to as acidaemia.
o The anion gap (AG) is a useful tool to assess whether a metabolic
acidosis is due to loss of bicarbonate (most common) or accumulation
of acid. It is calculated by subtracting the 2 main plasma anions from the
main cation:

Equation3: AG = [Na*] - {[Cl'] + [HCO5]}
A normal value for the anion gap is between 8 and 12. This represents
the unmeasured anions, which consist mostly of proteins, such
as albumin, which have an excess of negative charges. Thus, in
hypoproteinaemic states, such as nephrotic syndrome, the usual normal
values for anion gap are decreased (anion gap decreases roughly by 2.5
for each 10g/L of serum albumin below 40 g/L).

* normal anion gap acidosis (bicarbonate loss): bicarbonate is lost in
either the gastrointestinal (Gl) tract (e.g. diarrhoea) or the urine
together with a cation, mostly Na, to maintain electroneutrality.
Because of this concurrent loss of Na and bicarbonate, the anion
gap is unchanged;
increased anion gap acidosis: excess accumulation of acid (e.g. lactic
acid or ketones) leads to a decrease in bicarbonate (to buffer
the acid) without changing Na or CL™ concentration, therefore
increasing the AG.

Causes of AG acidosis are often memorized with the mnemonic

MUDPILES:
*« M = metabolic disease, metformin;
¢ U = uraemia;
* D = diabetic ketoacidosis;
P = paraldehyde, propylene glycol, phenformin;
¢ | = isoniazid, iron;
¢ L = lactic acidosis;
¢ E = ethanol, ethylene glycol;

S = starvation, salicylates.
o Common and misleading cause of low plasma bicarbonate is exposure of
blood sample to air, for instance when it is obtained by fingerprick.

Example CO, diffuses immediately into the air, shifting the equilibrium
described in equation 1 to the left, leading to a decrease in both bicar-
bonate and H* concentration. Thus, if both a blood gas and bicarbonate
are determined, this falsely low bicarbonate concentration is recognized
by the simultaneous presence of elevated pH (low H* concentration).
However, if only bicarbonate was determined in the context of an elec-
trolyte panel, a low bicarbonate concentration with increased anion gap
(Na and Cl” concentrations are unaffected by CO, diffusion) in the
absence of an obvious cause (MUDPILES), should raise suspicion of this
artefact.
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It is important, that blood samples for pH and bicarbonate are analysed
promptly, as they otherwise decrease due to ongoing metabolic activity
of the blood cells.

Similar problems occur in the assessment of urine pH, as exposure

of the sample to air will artificially increase urine pH, so it is best
determined by dipstix immediately after obtaining the sample. Ideally,
urine is collected under oil, which in clinical practice is difficult,
especially from non-toilet trained children. Samples obtained by urine
bag or cotton balls in the nappy are unreliable for pH determination.

Diagnosis
A diagnostic algorithm for the assessment of a metabolic acidosis is shown

in Fig. 6.9, based on the key diagnostic information provided by history,
and plasma and urine biochemistry

| pH<737,HCO;<20 |

Methanol
Diarrhoea? Normal - Hish | Uraemia
Glfisula o1 Dra
Stoma? Paraldehyde
Yes Iron
Lactate
Intestinal Ethyler\e g!ycol/ethanol
Bicarbonate Glycosurial Salicylic acid
losses Aminoaciduria? Hyperkalaemic RTA
Low TmP? Aldosterone insufficiency/
Y‘es/ l N resistance
° Low Renal failure
Fanconi Isolated pRTA Obstructive uropathy
syndrome tinvalid data

Inherited dRTA

Fig. 6.9 A diagnostic algorithm for the diagnosis of renal tubular acidosis.

Treatment

o Diagnose and treat underlying cause (e.g. give oxygen, correct shock

with volume replacement, treat sepsis) and avoid lactate-containing

replacement fluids.

o Role of acute alkali replacement is controversial—potential harmful

effects include:

 worsening of intracellular acidosis despite improvement of
extracellular acidosis due to diffusion of CO, into cells (bicarbonate
administration shifts the equilibrium in equation 1 to the left with
increased formation of CO,, which is membrane permeable);

« volume overload;

* hypernatraemia;

* hypercapnia (especially in patients with respiratory insufficiency).
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In acidosis due to chronic bicarbonate loss (e.g. CKD, renal Fanconi
syndrome, chronic diarrhoea, Gl-stoma), bicarbonate obviously needs
to be replaced (see also LM ‘Distal renal tubular acidosis’, p.135).

In cases of severe intractable acidosis, dialysis, or haemofiltration may
be indicated.

Clinical features

Failure to thrive, vomiting, anorexia, and variable degrees of muscle
weakness are common to all renal tubular acidosis.

Since bone is a major buffer of acid, chronic metabolic acidosis (from
any cause) can have a major impact on the developing skeleton, and
poor growth is an important consequence of acidosis. Correction of
the acidosis is thus important to restore growth.

Buffering of acid by the bone leaches Ca from the bone, which needs
to be excreted by the kidney with consequent nephrocalcinosis and
possibly stones.

Signs of Fanconi syndrome (polyuria, polydipsia, dehydration, rickets,
glycosuria, hypophosphataemia, aminoaciduria) in proximal RTA.
Some forms of distal RTA are associated with sensorineural deafness.

Renal tubular acidosis

Historically, RTA has been classified into four subtypes, numbered
according to the chronological sequence of the descriptions:

Classical (hypokalaemic) distal RTA.
Proximal RTA.

Mixed proximal distal RTA.
Hyperkalaemic RTA.

For practical purposes, we will only separate proximal from distal RTA, as
the mixed form is extremely rare and easily recognizable due to its asso-
ciation with osteopetrosis (see Table 6.2); hyperkalaemic RTA is primarily
a disorder of distal salt reabsorption with secondary acidosis.

Table 6.2 Recognized genetic causes of primary renal tubular acidosis

Gene Function Inheritance Type Extrarenal

manifestation

SLC4A4 Basolateral AR Proximal Eye and teeth

(NBC1) Na-bicarbonate abnormalities,
cotransporter short stature,

developmental delay

CA2 Carbonic anhydrase AR Mixed Osteopetrosis

SLC4A1 Basolateral AD or AR Distal Red cell disorder

(AE1) Cl-bicarbonate (in some)
exchanger

ATP6V1B1  Apical proton pump AR Distal Sensorineural
subunit deafness

(infantile onset)

ATP6VOA4  Apical proton pump AR Distal Sensorineural

subunit deafness (in some)
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Proximal renal tubular acidosis

Proximal RTA (pRTA) is caused by an impaired ability to reabsorb bicar-
bonate in the proximal tubule, resulting in urinary bicarbonate wasting.
Isolated proximal bicarbonate wasting is extremely rare (see Table 6.2).
Instead, pRTA occurs in the context of generalized proximal tubular dys-
function, also called renal Fanconi syndrome, characterized by glycosuria,
phosphaturia, amino aciduria, organic aciduria and low-molecular weight
proteinuria. The consequent biochemical abnormalities (see also Table 6.2
and Fig. 6.9) establish the diagnosis of pRTA. Because distal urinary acidifi-
cation is intact, urinary pH can be below 5.5.

Distal renal tubular acidosis

This form of RTA is caused by an impaired ability to secrete protons
in the collecting duct. As can be seen in Fig. 6.10, Na (and thus volume),
K, and acid-base homoeostasis are linked together: Na is reabsorbed in
the collecting duct in exchange for either protons or K to maintain elec-
troneutrality. Thus, with proton secretion impaired in distal RTA (dRTA),
more K needs to be secreted to allow a similar amount of Na reabsorp-
tion, resulting in hypokalaemia. In dRTA, urine pH is always above 5.5,
because of the impaired distal acidification.

dRTA may develop as a secondary complication of other diseases.

o Disorders affecting salt reabsorption in the collecting duct
(see Chapter 7). Because salt reabsorption through the epithelial
Na channel ENaC (see Fig. 6.10) provides the favourable electrical
gradient for proton and K secretion, impairment of this pathway
results in hyperkalaemic acidosis (type 4RTA).

o CKD (see Chapter 18).

e Autoimmune diseases.

o Toxins/drugs involving the distal tubule and collecting duct.

Principal cell Intercalated cell
CA2
CO,+H,0 <=> H"+HCO,

\

%)

. ROMK

K' —
MRCR /
Aldostero ) --------

cr

S ENaC
+—F—Na'

—

Fig. 6.10 The molecular basis of distal RTA. Shown are a principal and
intercalated cell.

Salt reabsorption via the epithelial Na channel ENaC in the principal cell creates a favourable
electrical gradient for proton secretion from the intercalated cell via the H-ATPase. Protons are
generated by the action of the carbonic anhydrase 2 (CA2) and the remaining bicarbonate re-
enters the blood stream via the basolateral anion exchanger AE1.
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Genetics of renal tubular acidosis
For pRTA see also [ ‘Disorders of renal salt handling: proximal tubule’,
p.144.

Treatment of dRTA
Despite the often severe symptoms at presentation, the acidosis of dRTA
is easily treatable:

Correction of the acidosis allows normal growth and development

and prevents worsening of the nephrocalcinosis, but does not correct
extrarenal manifestations, such as deafness.

Treatment consists of administration of alkali, equal in amount to the
acid load (usually I-3mmol/kg/day), such as bicarbonate or citrate,
ideally as a mixed K/Na salt (e.g. polycitra or tricitrate). This allows
supplementation of both alkali and K.

Citrate may also alleviate the nephrocalcinosis.

Tmmol of citrate is converted in the liver to 2mmol of bicarbonate,
thus half the amount of citrate is necessary for correction of alkalosis
compared with bicarbonate.

Patients with dRTA need to have regular clinical and biochemical
monitoring for adjustment of their supplementation. In the beginning,
more frequent visits are necessary; once established, longer intervals
(every 6 months) are usually sufficient.

Plasma pH and bicarbonate can vary quickly, e.g. depending on the time
of the last dosage.

In contrast, urinary Ca, as a reflection of acid-buffering by the bone, is a
good long-term indicator of acidosis control.
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Disorders of acid-base balance:
alkalosis

Definition

o A primary elevation of plasma bicarbonate (>28mmol/L) with rise in
arterial pH (>7.40).

o Note: normal range for bicarbonate is lower in infants.

Causes

As seen in Fig. 6.10, Na reabsorption in the collecting duct (under the
control of aldosterone) is molecularly linked with K and acid-base homoe-
ostasis. To maintain electroneutrality, Na is reabsorbed in exchange for
K or protons. Thus, with enhanced distal Na reabsorption there will be
increased K and proton secretion, resulting in a hypokalaemic metabolic
alkalosis, the classical electrolyte pattern seen with aldosterone activation.

There are many potential causes for enhanced distal Na reabsorption:

o With volume contraction:

e Gl losses, including laxative use and congenital Cl™ losing diarrhoea;

* loop diuretics and thiazides;

* Bartter and Gitelman syndrome;

* cystic fibrosis due to excess of chloride loss in the sweat.

o With excess volume:

* renal artery stenosis;

* mineralocorticoid excess (e.g. Conn syndrome);

* pseudo-mineralocorticoid excess (liquorice, Liddle syndrome,
11-beta-hydroxysteroid dehydrogenase deficiency; high dose
glucocorticoids).

o Acid loss (usually from the stomach—if losses of fluid are not replaced,
alkalosis will be further compounded by aldosterone activation):

* vomiting, e.g. pyloric stenosis;

e gastric suction.

o Excess alkali administration.
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Disorders of renal salt handling:
basic principles

The adult kidneys filter on average 150 L of plasma per day containing
22.5mol of sodium (Na), the equivalent of roughly 1.25 kg of salt
(NaCl). Since Na constitutes the major ion in extracellular fluid (ECF),
Na homoeostasis determines volume homoeostasis and all recognized
causes of BP dysregulation affect renal Na handling.

Thus, disorders in Na handling affect blood pressure (BP): Na loosing
disorders lead to lowered BP and, conversely, disorders of increased
Na reabsorption to increased BP.

The kidneys have no sensor for Na concentration. This is regulated by
osmoreceptors in the brain via anti-diuretic hormone (ADH) and renal
water handling. Thus, disorders of renal salt handling typically have
normal plasma Na concentration.

Usually, more than 99% of filtered Na is reabsorbed, so that the final
excretion is <1% and equivalent to salt intake (1-10 g, depending on
diet). Approximately 80% of salt reabsorption occurs in the proximal
tubule, ~10-15% in the thick ascending limb of Henle’s loop (TAL),
~5-10% in the distal convoluted tubule (DCT) and the remaining ~5%
in the collecting duct (see Fig. 7.1). The driving force is created by

the basolateral Na*/K*-ATPase, present in all cells, which generates

a favourable electrochemical gradient for Na entry into the cell. This
gradient also enables co-transport of other substances (such as glucose,
amino acids, phosphate (P)) into the cell or counter-transport (such as
Na-hydrogen (H) exchange).

Since Na is the main determinant of intravascular volume, fractional
excretion of Na is normal in almost all renal salt wasting disorders
(<1%). This is due to activation of compensatory mechanisms, such

as up-regulation of the renin-angiotensin axis (hyperaldosteronism),
which enhances distal Na reabsorption in exchange for K and

protons. However, if this compensatory mechanism is impaired, as in
pseudohypoaldosteronism type 1, fractional excretion of Na is elevated
and the disorder is life-threatening because of volume depletion.

An overview of clinical and molecular features of inherited disorders of
renal salt handling is given in Table 7.1.
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Filtration: 100%

PT: ~80%

TAL: ~10-15%

Fig. 7.1 Na reabsoprtion along the nephron.

PT: proximal tubule; TAL: thick ascending limb of Henle’s loop; DCT: distal
convoluted tubule; CD: collecting duct.



Table 7.1 Clinical and molecular characteristics of renal salt handling disorders

Locus Gene Mode Protein renin aldo K* ClI= HCO;~ Other features/comments
Fanconi * * * * i) i) bl *
Type | Bartter  15q15-21 SLC12A1 AR NKCC2 co-transporter Tl i) ¢e U Nephrocalcinosis, often pre- or neonatal
(furosemide-sensitive) onset
Type Il Bartter  11q24-25 KCNJ1 AR K channel ROMK i) i) (/) Nephrocalcinosis, often pre- or neonatal
onset
Type Ill Bartter 1p36 CLCNKB AR Cl channel CICKNB ) T 4 4 Often hypomagnesaemia

Mostly childhood onset

Type IV Bartter 1p31 BSND AR Barttin ) ) ) Often hypomagnesaemia

deafness. Usually neonatal onset

IseasIp Je|nqnj £ ¥ILdVHD  Thl

Gitelman 16q13 SLC12A3 AR NCC ) ) b b Hypomagnesaemia, hypocalciuria

(thiazidesensiiie) Mostly childhood onset

EAST/SeSAME  1q23 KCNJ10 AR KCNJ10/Kir4.1 i ™ ¢ 4o Epilepsy, ataxia, sensorineural deafness,
tubulopathy with hypomagnesaemia,
hypocalciuria

CAH type | 6p21 CYP21A2 AR Subunits of ) U FLI Virilization
CYP21 21-hydroxylase

CYP21B




CAH typelll 1p13 HSD3B2 AR 3-B-hydroxysteroid i) U HL Hypospadias, male

dehydrogenase pseudohermaphroditism
PHA1 12p13 SCNN1A AR EnaC sodium channel i U Tl Symptoms are severe in recessive form,
16p13 SCNN1B AR subunits A,B,G milder in dominant form
AR Mineralocorticoid

Tp13  SCNNIG oo

4931 NR3C2

PHA2 12p13  WNK1  AD  WNK-kinases L | [ [ 3
1721 WNK4  AD

Liddle 16p13 SCNN1B AD EnaC sodium channel U U v“ o

16p13 SCNNIG AD subunits B,G

AME 16q22 HSD11B2 AR 11-B-hydroxysteroid ] U b 0 n Intrauterine growth retardation
dehydrogenase
GRA 8q21 CYP11B1 AD  11-B-hydroxylases L A}
CYP11B2
CAH type IV 8q21 CYP11B1 AR 11-B-hydroxylase U L ) Virilization
CAH type V 10q24 CYP17A1 AR 17-alpha-hydroxylase U U b 4 n Ambiguous genitalia

Listed are disorders of tubular salt handling. The upper 10 rows (white) list disorders of salt wasting (hypovolaemia/low blood pressure), whereas the lower 6 rows (shaded) list
disorders of salt retention (hypervolaemia/hypertension). aldo:aldosterone. AR: autosomal recessive, AD: autosomal dominant
(" for details of disorders in the proximal tubule see [ ‘Disorders of renal salt handling: proximal tubule’, p.144).
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Disorders of renal salt handling:
proximal tubule

Renal Fanconi syndrome is a collective term used for dysfunction of the
proximal tubule, of which there are many causes, both congenital and
acquired.

Substances reabsorbed by the proximal tubule include: water, Na, K,
Ca, P, bicarbonate (proximal renal tubular acidosis (RTA) in children
is almost always associated with a renal Fanconi syndrome), urate,
glucose, amino acids, and low molecular weight proteins.

In classical renal Fanconi syndrome all of these substances are wasted,
while in some disorders, such as Lowe Syndrome and Dent Disease
only selective proximal reabsorption pathways are affected. Causes of
renal Fanconi syndrome are listed in Table 7.2.

Presentation

Presentation in the first year of life is usually with non-specific symptoms,
such as irritability, poor feeding, vomiting, and failure to thrive as the
classical symptoms of polydipsia and polyuria can be difficult to detect at
this age.

Polydipsia and polyuria are the classical symptoms. However,

most children with histories of ‘always being thirsty’ do not have a
tubular disorder—on the whole this is a behavioural phenotype of
young children. It is useful to ask whether the child would still drink
excessively if only water is offered, and in the older child, whether they
wake at night for a drink.

The selective proximal tubular dysfunction seen in Dent disease usually
does not result in failure-to-thrive and polyuria. Therefore, presentation
is typically in later child- or adulthood with rickets and/or stones.
Clinical signs of rickets.

Poor growth.

Constipation due to dehydration.

Nephrocalcinosis/stones (especially Dent disease).

Extrarenal manifestations, such as cataracts, cryptorchidism, and
developmental delay (Lowe syndrome).

Investigations

Plasma: Na, K, bicarbonate, Cl, Ca, P, urate, pH, creatinine, urea,
alkaline phosphatase, parathyroid hormone (PTH). The typical
constellation of results is listed in Table 7.3. PTH and alkaline
phosphatase may be elevated secondary to urinary Ca/vitamin D

loss or CKD.

Urine: Na, K, Cl, Ca, P, urate, pH, glucose, amino acids, low-molecular
weight proteins (e.g. retinol-binding protein, 3-2-microglobulin).
Fractional excretion of Na: usually normal (<1%), because of the
importance for volume homoeostasis and compensation from more
distal Na transporters. Fractional excretion of K is usually elevated
(>15%), as is that of Ca (>1%) and P (>20%). In cases of very low
plasma P and thus low amounts of filtered P, the tubular reabsorption
of P may be falsely normal. Calculation of the transport maximum for
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P (TmP/GFR) is more accurate to determine renal P wasting
(see [ ‘Disorders of phosphate: hypophosphataemia’, p.128).

o The most sensitive indicator for proximal tubular dysfunction is low-
molecular weight proteinuria, such as retinol-binding protein or
beta-2-microglobulin.

o An US for renal size and echogenicity, and to look for the presence of
nephrocalcinosis, which may be present due to hypercalciuria.

o Bone X-rays for changes of rickets.

o White cell cystine and formal ophthalmology review (for corneal
cystine crystals) for all cases of suspected renal Fanconi syndrome as
cystinosis is the commonest cause (see L ‘Cystinosis’, p.271).

Treatment

o Treatment specific to the cause (see Table 7.2 for differential
diagnosis).

o Replacement of electrolyte losses orally. It can be very difficult to
replace these adequately, and very large doses of Na Cl, K, P, and
bicarbonate may be required. IV rehydration with normal saline and
added electrolytes (e.g. K, P, etc.) is often needed, both at diagnosis
and during intercurrent illness to correct biochemical disturbance.

o Activated vitamin D (1-alfacalcidol, or calcitriol if liver dysfunction).

o Free access to water.

Acquired causes of Fanconi syndrome
Drugs/toxins

o Aminoglycosides.

o Ifosfamide.

o Outdated tetracyclines.

o Na valproate.

® 6-mercaptopurine.

o Heavy metal poisoning.

o Toluene.

o Paraquat.

Renal causes

o Post-renal transplant.

o Recovery phase of acute tubular necrosis.
o Tubulointerstitial nephritis.

o Nephrotic syndrome (FSGS).

Fig. 7.2 represents an epithelial cell in the proximal tubule. Na is reab-
sorbed either in exchange with substances that need to be secreted (such
as protons via the Na—H exchanger (NHE3)) or in co-transport with sub-
stances that need to be reabsorbed (such as P or glucose). The epithelial
cells in the proximal tubule (PT) all express the water channel AQP1, so
that solutes are reabsorbed isotonically with water.
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Table 7.2 Genetic causes of Fanconi syndrome

Onset Disorder Gene Features Diagnostic test
Neonatal ~ Galactosaemia  GALT Liver Red cell
dysfunction, galactose-1-
encephalopathy, phophate uridyl
sepsis transferase
Mitochondrial ~ Various Multi-systemic:  Mitochondrial
cytopathy mitochondrial ‘illegitimate DNA (blood);
and nuclear  associations’ muscle
genes enzymology
Tyrosinaemia  FAH Poor growth, Plasma amino
hepatomegaly,  acids, urine
and hepatic organic acids
dysfunction (succinyl acetone)
Infancy Fructosaemia ~ ALDOB Rapid onset Hepatic

after fructose fructose-1-P
given—vomiting, aldolase B
hypoglycaemia,

hepatomegaly

Cystinosis CTNS Poor growth, White cell
rickets, corneal  cystine;
cystine crystals  mutational

analysis

Fanconi-Bickel GLUT2 Failure to thrive, Mutational
syndrome hepatomegaly,  analysis

hypoglycaemia,

rickets, severe

glycosuria,

galactosuria
Lowe’s OCRL Males Mutational
syndrome (X-linked), analysis

cataracts,

hypotonia,

developmental

delay

Childhood  Cystinosis CTNS As cystinosis in - As cystinosis in

infancy infancy

Dent’s disease  CLCN5 Males (X-linked), Molecular

nephrocalcinosis, diagnosis
hypercalciuria

Wilson’s ATP7B Hepatic and Plasma copper,
disease neurological caeruloplasmin
disease,
Kayser-Fleischer
rings

Adapted with permission from van’t Hoff W. (2003). Renal tubular disorders. In Webb N and
Postlethwaite R (eds) Clinical Paediatric Nephrology. Oxford University Press, Oxford, 103—12.
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Table 7.3 Typical constellation of biochemistries in proximal tubular
dysfunction

Parameter/disease Renal Fanconi Lowe Dent
Plasma: Na - - =
K ¥ - -
cl t 1 -
HCO;, ¥ - -4
PO, 4 - g
Urine
TmP/GFR 4 > -4
Ca/Cr t t t
FEK t 1t -
low-molecular weight proteinuria t1t 14 t1t
Glucose t > -
Lumen \ / Blood
NHE3 3Na"
Na*
Na-K-ATPase
H 2K
Na* —
KfW —— >«
Na* Na*
X
Ca** >

—

Fig. 7.2 Diagram of a PT cell.
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Disorders of renal salt handling: thick
ascending limb

Salt reabsorption in the thick ascending limb of Henle’s loop (TAL)

is mediated by the furosemide-sensitive Na co-transporter NKCC2
(Fig. 7.3). In Bartter syndrome the function of this transporter is either
directly or indirectly compromised, and thus its symptoms are best
compared with the effects of loop-diuretics, such as furosemide.

Four genes underlying Bartter syndrome have been identified so far
and more are expected (Table 7.1). In addition, isolated patients with
autosomal dominant (AD) hypocalcaemia can also have Bartter-like
symptoms.

Clinical features
Key symptoms

Hypokalaemic, hypochloraemic metabolic alkalosis with elevated renin
and aldosterone levels, and normal to low BP.
Polyuria, polydipsia, and salt-craving to replace renal losses.

Additional symptoms

Salt reabsorption in the thick ascending limb (TAL) is a critical step

in the renal concentration/dilution system. Therefore, patients with
Bartter syndrome have impaired urinary concentration (hypo- to
isosthenuria). Because of this, patients with Bartter syndrome have high
renal water losses and are prone to hypernatraemic dehydration.

The combined actions of the NKCC2 co-transporter and subsequent
‘recycling’ of K back in the tubular lumen through the K channel ROMK
provide the driving force for reabsorption of Ca and magnesium

(Mg) in the TAL (Fig. 7.3). Therefore, patients with mutations in the
genes encoding NKCC2 or ROMK typically have hypercalciuria,
hypermagnesuria, and nephrocalcinosis. Conversely, patients with
mutations affecting the chloride (Cl) channel CLCKNB or its subunit
Barttin typically have normocalciuria and no nephrocalcinosis.

The Barttin subunit is also expressed in inner ear and patients with
Barttin mutations have Bartter syndrome associated with sensorineural
deafness (very rare).

The Cl channel CLCKNB is also expressed in the DCT and patients
with mutations in the encoding gene may have an overlap of Bartter
and Gitelman (see [l ‘Disorders of renal salt handling: distal
convoluted tubule’, p.151) features.

Spectrum of severity can vary widely in Bartter syndrome with

the most severe cases showing an antenatal presentation with
polyhydramnios, premature delivery, severe and life-threatening
dehydration, failure to thrive (neonatal Bartter syndrome). These
patients also have highly elevated levels of urinary prostaglandins,
especially PGE,. Many of these patients also experience progression to
CKD over time. Other patients with Bartter syndrome are identified

in adulthood during a routine blood test and have no other apparent
symptoms.
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Investigation

o Urine: Na, K (FE > 15%), Cl (FE > 1%), Ca (variable), Mg (high, FE > 4%
in some forms), creatinine (to calculate fractional excretions).

o Plasma: Na (variable), K, Cl (both low), Mg (normal or low), Ca (usually
normal), bicarbonate (high), urea, creatinine, albumin (as indicators of
renal function and hydration).

o Renal US for nephrocalcinosis.

o Genetic analysis.

Diagnosis

o Extrarenal salt and water losses (‘pseudo-Bartter): distinguished by low
urinary Cl concentration (FE < 1%). This can be difficult in Cl losing
diarrhoea as the stool may be so watery it is indistinguishable from urine.

o Hypomagnesaemia-hypercalciuria-nephrocalcinosis syndrome: in this

condition there is marked hypercalciuria, nephrocalcinosis, calculi,

and progression to CKD 5 (see LI ‘Disorders of magnesium:

hypomagnesaemia’, p.124).

Surreptitious diuretic use (history and toxicology).

Aldosterone excess (primary or secondary): patients have increased

vascular volume and hypertension.

o Some patients have marked hyposthenuria and have been misdiagnosed
as primary nephrogenic diabetes insipidus.

Treatment

o Treatment of Bartter syndrome involves replacement of fluid and
electrolyte losses followed by administration of indometacin, which
reduces renal losses.

o Severely affected children may initially require IV saline rehydration,
milder cases can simply be started on K and or NaCl ideally divided
into 3—4 doses per day.

o Itis usually very difficult to achieve adequate K supplementation to
restore the K level to the normal range, and most patients tolerate
hypokalaemia of 2.5mmol/L with no obvious ill effect.

o There may be a role for spironolactone in some cases, but beware that

this inhibits the physiological compensatory mechanisms and may lead

to severe hypotension.

Indometacin is usually given at a dose of 0.5-1mg/kg/day, divided into

four doses, with stepwise increases to a maximum of 2—4mg/kg/day.

* should be given with food (or milk) and parents counselled
regarding gastrointestinal (Gl) side effects including ulceration, and
benign intracranial hypertension;

 some authorities have concerns about chronic usage of indometacin
in the neonatal period because of the risk of necrotizing
enterocolitis;

* consider concurrent use of a gastric acid inhibitor, such as ranitidine.

Other prostaglandin inhibitors, such as Ibuprofen and COX-2 inhibitors

have also been used.
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Fig. 7.3 represents an epithelial cell in the TAL of Henle’s loop. Fontsize
represents relative concentration for K and Na (not to scale) and (+) and
(-) signs represent electric charges (not to scale).

Na is reabsorbed via NKCC2 (defect in Bartter type 1), together with
1 Kand 2 Clions. The transporter can only function with all 4 ions bound
and K binding is the rate-limiting step. Therefore, K is recycled through
the K channel ROMK (defect in Bartter type 2) to ensure an adequate
supply of K. This also leads to a relative excess of positive charges in the
tubular lumen, providing the driving force for paracellular absorption of
Caand Mg.

Na can exit the cell on the basolateral (blood side) via the Na/K-
ATPase, while Cl exits through the Cl channel CLCKNB (defect in Bartter
type 3). CLCKNB requires Barttin (defect in Bartter type 4) for proper
membrane localization.
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Fig. 7.3 Diagram of a TAL cell.
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Disorders of renal salt handling: distal

convoluted tubule

Salt reabsorption in the distal convoluted tubule (DCT) is mediated by the
thiazide-sensitive NaCl-co-transporter NCC (Fig. 7.4). Hence, symptoms
in Gitelman and EAST (also called SeSAME) syndrome are best compared
with the effects of thiazide diuretics. The electrolyte constellation in these
two disorders is characterized by the secondary hyperaldosteronism, i.e. a
hypokalaemic hypochloraemic metabolic alkalosis, as in Bartter syndrome.

Clinical features

Gitelman syndrome

o Gitelman syndrome is usually diagnosed during adolescence or later.

o Hypomagnesaemia is due to an increased urinary Mg excretion
(syn ‘familial hypomagnesaemia’) and the likely cause for many of
the neurological symptoms seen, including seizures, tetany, muscle
weakness, or cramps.

o Other symptoms include hypotension and dizziness, joint pains, and
nocturnal enuresis.

o Systemic calcifications, such as chondrocalcinosis are unusual in
childhood.

o Prolongation of the QT interval on ECG occurs in 10% of patients.

o The prognosis is generally excellent.

EAST syndrome

o Patients typically present in infancy because of the neurological
manifestations (seizures, ataxia, developmental delay).

o Sensorineural deafness.

Treatment

Gitelman syndrome

o Supplementation of K, Cl, and Mg to control electrolyte and acid-
base balance. This should be lifelong therapy to prevent neurological
symptoms. Patients are encouraged to maintain a high-salt diet.

o Spironolactone and amiloride have been used to correct severe
hypokalaemia, but may lead to severe hypotension.

Pseudohypoaldosteronism type 2

Pseudohypoaldosteronism type 2 (PHA2) is a rare dominantly inherited
disorder. Not to be confused with PHA1, which is a salt wasting disorder
(see [ ‘Disorders of renal salt handling: collecting duct’, p.153), PHA2
is a disorder of Na retention, due to mutations in the genes WNK1 or
WNK4. They encode kinases, which regulate salt reabsorption in the
distal tubule and the mutations lead to an over-activity of the thiazide-
sensitive Na transporter. Consequently, the symptoms are the mirror
image of Gitelman syndrome: patients have hypertension, hyperkalaemic,
hyperchloraemic metabolic acidosis, and hypercalciuria. The hyperten-
sion often develops during adolescence and thus may not be apparent
in younger children. The treatment consists of thiazide diuretics, which
completely reverses the symptoms.
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Fig. 7.4 represents an epithelial cell in the DCT. Na is reabsorbed via NCC
and can exit towards the blood side via the Na-K-ATPase, while Cl can
pass through the Cl channel CLCKNB. NCC is regulated by the WNK-
kinases WNK1 and WNK4. KCNJ10 is necessary to supply sufficient K
to the Na-K-ATPase and build up a voltage gradient over the basolateral
membrane that promotes Cl reabsorption.
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Fig. 7.4 Diagram of a DCT cell.



COLLECTING DUCT

Disorders of renal salt handling:
collecting duct

e Salt handling disorders of the collecting duct all affect salt reabsorption
through the Na channel ENaC, present in the apical membrane of
principal cells, which consists of different subunits, encoded by three
different genes (Table 7.1 and Fig. 7.4).

o ENaCis blocked by amiloride and regulated by the mineralocorticoid

receptor (MCR), which is blocked by spironolactone.

The MCR is activated by aldosterone and cortisol, which has a ~1000-

fold higher plasma concentration than aldosterone. However, cortisol

is usually metabolized in the principal cell to cortisone (which cannot
activate MCR) by 11-B-hydroxysteroid dehydrogenase.

o In GRA, an unequal crossover in meiosis creates a fusion gene from the

highly homologous genes CYP11B1 and CYP11B2, which are adjacent on

chromosome 8 and encode key enzymes in glucocorticoid (CYP11B1)
and aldosterone (CYP11B 2) synthesis. In the fusion gene, the CYP11B1
promoter is fused to the coding sequence of CYP11B2, so that ACTH
now drives aldosterone, rather than glucocorticoid synthesis.

In CAH the effect on renal salt handling depends on the localization

of the defect: if aldosterone synthesis is impaired, patients develop

salt wasting, if metabolites with mineralocorticoid activity accumulate,

patients have salt retention, otherwise salt handling is unaffected.

Impaired ENaC channel activity (PHA1) results in hypovolaemia,

hyponatraemia, and a hyperkalaemic, hyperchloraemic acidosis, which

especially in the recessive form is life-threatening.

Conversely, increased channel activity results in hypertension with a

hypokalaemic, hypochloraemic alkalosis (AME, Liddle syndrome).

Diagnosis
Based on the specific clinical findings (Table 7.1) and confirmed by genetic
testing.

Treatment

Pseudohypoaldosteronism type 1

Na and bicarbonate supplementation (10-20mmol/kg/day not unusual in the
recessive form). These patients often require a central line for reliable
emergency access. Na-exchange resins (such as Kay-exelate) provide a
good form for sustained Na administration and K removal.

Liddle syndrome and AME

These disorders respond well to ENaC blockade through amiloride.
Patients with AME may also benefit from MCR blockade by spironolac-
tone, but require high doses (up to 10mg/kg/day), as spironolactone in
this disorder competes for MCR binding with cortisol, which is present
in much higher concentration than aldosterone (see third bullet point at
the start of this section).

GRA and CAH
Amiloride, spironolactone and/or glucocorticoid supplementation provides
effective treatment.
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Fig. 7.5 represents a principal cell in the collecting duct. Na is reabsorbed
via the epithelial Na channel ENaC. Na entry provides the electrical driving
force for K secretion through the K channel ROMK or proton secretion
(from the intercalated cell, not shown).

ENaC activity is regulated by the mineralocorticoid receptor. The
enzyme HSD11B2 is necessary to metabolize cortisol to cortisone to
prevent receptor activation from cortisol.
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Fig. 7.5 Diagram of a principal cell.
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Disorders of renal water handling

Basic principles

The kidneys in an adult filter about 150 L of plasma per day. About
80% of this is passively reabsorbed in the proximal tubule (PT), which
is water permeable due the presence of water channels (AQP1) in
both apical and basolateral membranes. Thus, as solutes such as Na,
bicarbonate, and P are reabsorbed in the PT, water follows passively.
Final urine osmolality and thus water excretion is determined by the
water permeability of the collecting duct:

* urine is diluted in the preceding water-impermeable nephron
segments, the thick ascending limb of Henle’s loop (TAL) and the
distal convoluted tubule (DCT);
salt reabsorption in TAL (by the furosemide-sensitive NKCC2) not
only dilutes the urine, but also generates the medullary interstitial
concentration gradient;

¢ when the dilute urine enters the medullary collecting duct, a

concentration gradient between urine (osmolality of ~50mosm/kg)
and interstitium (up to 1200mosm/kg) exists;

* the osmotic force is enormous (19.2mmHg/mOsm/L) and water will

move out of the tubule, if water channels are provided.
The availability of water channels is regulated by AVP, which binds to
its receptor (AVPR2), located in the principal cells of the collecting
duct. When activated by binding of vasopressin, AVPR2 causes an
increase in cAMP, which in turn causes movement of intracellular
vesicles containing water channels (AQP2) to the apical membrane,
thereby increasing water permeability.

Nephrogenic diabetes insipidus

Nephrogenic diabetes insipidus (NDI) is a renal disorder characterized
by tubular unresponsiveness to antidiuretic hormone (AVP) resulting
in the excretion of an increased volume of dilute urine. Congenital
(usually severe) and acquired (usually milder) forms are recognized.

In complete and untreated NDI, the urine osmolality is typically
50-100mosm/kg. The total volume excreted depends on the

osmotic load (osmotically active substances in the diet) that needs

to be excreted by the kidney. A typical western diet presents about
500mosm/day to the kidney. With a urine osmolality of 50mosm/kg,
this will require 10L water to be excreted. An extra gram of salt

(= 18mmol of Na and Cl each = 36mosm) in the diet would increase
urine output by approximately 700mL.

A simple, but often confused point is the difference between osmolarity
and osmolality: these are numerically similar, although osmolarity is
expressed as number of osmotically active substances per volume of
analysed fluid (mosm/L), while osmolality is per weight (mosm/kg).

Genetics of nephrogenic diabetes insipidus

L]

The gene for AVPR2 is located on the X-chromosome and accounts
for about 90% of inherited cases of NDI, while AQP2 is located on
chromosome 12. Mutations in AQP2 cause autosomal recessive
NDI. Some very rare mutations in AQP2 can also cause autosomal
dominant NDI.
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o Some mutations disrupt function completely, while others only
decrease affinity of the receptor to AVP, resulting in a milder
phenotype (partial NDI).

o Female carriers of an AVPR2 mutation are generally asymptomatic, but
skewed X-inactivation may cause various degrees of symptoms.

o In addition to genetic forms of NDI, there are many causes of secondary
NDI (see L ‘Acquired (secondary) nephrogenic diabetes insipidus’, p.158).

Clinical features (primary, X-linked genetic nephrogenic

diabetes insipidus)

Males

o Present in infancy (no prenatal symptoms, no polyhydramnions).

o Polyuria and polydipsia with episodes of hypernatraemic dehydration.

o Episodes of pyrexia, irritability, and vomiting.

o Failure to thrive (patients are only interested in drinking, but not
eating).

Females

Usually present at a later age with milder symptoms or are asympto-

matic. Rarely more prominent symptoms are encountered (depending on

X-inactivation).
Complications include:

o Developmental delay/learning problems (due to repeated episodes of
hypertonic dehydration).

o Renal cortical necrosis during episodes of severe dehydration.

o Hydronephrosis and dilatation of the lower urinary tract (due to high
urine volume, especially with urinary withholding).

Investigations

o Basic biochemistry and haematological screen: urea & electrolytes
(U&Es), creatinine, Ca, POy, liver function tests (LFTs), full blood
count (FBC) (increased haematocrit as a sign of intravascular water
depletion).

Paired urine/plasma osmolarity: inappropriately dilute urine
(Uosm<Posm) in the presence of elevated plasma osmolarity
establishes a diagnosis of diabetes insipidus (DI). To differentiate
central DI from nephrogenic DI, a DDAVP® test is performed (see
L Appendix, ‘DDAVP® test', p.604).

US kidneys and bladder (gross dilatation of urinary tract, altered
echogenicity or nephrocalcinosis suggest secondary NDI due to
underlying nephropathy, (see Ll ‘Acquired (secondary) nephrogenic
diabetes insipidus’, p.158).

Water deprivation test and DDAVP® test

o Never undertake a water deprivation test in the presence of
hypernatraemia and/or increased plasma osmolarity. In this situation,
paired plasma and urine osmolarities are sufficient. Thus, children
presenting with hypernatraemia do not need another water deprivation
test, if Uosm had been measured at presentation.

o In normonatraemic children suspected of having DI, a first morning
Uosm is often sufficient as an informal water deprivation test, unless
the child gets up at night to drink. A Uosm > Posm rules out a severe
form of DI.
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o A formal water deprivation test, if needed, should be carried out in the
early morning. The patient is weighed, and plasma and urine osmolarities
measured. The test is stopped if >3% of body weight is lost or if Posm >
300msom/kg. If the plasma osmolality is 300mosm/kg or higher, and the
urine is dilute (<Posm), then the diagnosis of Dl is confirmed. If the urine
concentration is >800mosm/kg (or >600mosm/kg in infants), a normal
urinary concentrating ability is established and DI has been ruled out. If the
Uosm is <800mosm/kg (<600mosm/kg infants), DDAVP® (desmopressin)
should be given to further assess renal concentrating ability.

DDAVP® test: various protocols, using oral, nasal, im, or IV

administration of DDAVP® exist. The main risk of a DDAVP® test

is hyponatraemia. This can only occur in patients who respond to

desmopressin, but continue drinking water or who ingested a large

bolus of water immediately prior to the test. In patients with intact
thirst mechanism, the risk of dysnatraemias is very low (as they will
stop drinking), but patients with suspected psychogenic polydipsia (or

Munchhausen by proxy) are at risk. It is paramount that patients do

not drink an hour before desmopressin and are closely observed so

that fluid intake during the test does not exceed urine output. The
half-life of desmopressin depends on the mode of administration. The
shortest is after [V administration, where only a 2-h observation period
is required. This mode also eliminates questions about incomplete
absorption, which is possible with oral or nasal doses.

o A well-established protocol (see L2 Appendix, ‘DDAVP® test’, p.604)
uses 0.3 microgram/kg desmopressin (max 15 microgram) dissolved
in TmL/kg (max 50mL) of 0.9% saline as an IV bolus (this is the same
dose given to patients with von Willebrand disease to promote platelet
aggregation). The bladder should be emptied before the administration
of desmopressin to avoid admixture of urine. As many aliquots of urine
as possible should be obtained during the 2-h test and individually sent
for urine osmolality. Paired plasma and urine sample are obtained at
the beginning and the end of the test.

o In central DI, the urine will concentrate to over 800mosm/kg
(>600mosm/kg in infants) following desmopressin; in complete NDI the
urinary concentration will be unchanged (<Posm) or mildly increased
(300-600mosm/kg) in partial NDI.

Management of primary (genetic) nephrogenic diabetes

insipidus

Diet

The mainstay of treatment is to reduce the osmotic load, which mainly

consists of salts and protein (as it is metabolized to urea):

e Salt is restricted as much as possible, but enough protein must be given
to allow proper growth. This is most challenging during infancy, when
caloric and fluid intake is coupled and the input of an experienced
dietician is very important.

o The general aim is to provide adequate nutrition to meet recommended
intakes, but this limits the osmotic load to 15mosm/kg/day.

o As a general rule, each g of protein provides 4mosm and each mmol of
Na or K provide 2mosm (because of the accompanying anion).

o Fat and carbohydrates provide calories, but no osmotic load.
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Example The importance of osmotic load reduction becomes apparent
when you consider an adolescent NDI patient, who enjoys a 500g steak
(containing ~200g protein) seasoned with 2g of salt: the total osmotic load
from the steak is 800mosm (200 x 4) and from the salt ~70mosm (each g of
salt contains ~35 mmol of Na and Cl each). With an average urine osmo-
lality of 100mosm/kg, the patient will need to drink almost 9L of water in
order to be able to excrete the osmotic load provided by this meal.

© The child needs free access to water and infants should be offered fluid

frequently (every 1-2h).

Drug therapy

Chlorothiazide 1-2 mglkg/day or other thiazide diuretic:

o The administration of a diuretic in a polyuric disorder is
counterintuitive but effective.

o Thiazides impair the urinary diluting mechanism in the distal tubule.
Moreover, they increase urinary Na excretion, which leads to
intravascular volume depletion.

o This enhances Na (and thus water) reabsorption in the proximal

tubule. Less water is then presented to the defective portion of the

tubule.

Watch for hypokalemia and use K supplements if needed (however,

these will present an additional osmotic load). Amiloride can

sometimes be used in combination with chlorothiazide to achieve K

sparing.

o Indometacin 0.75—-2mg/kg/day (divided into 2—3 doses): inhibitor of
prostaglandin synthesis. Helpful in the management of infants, but often
not necessary in older children. Counsel patients regarding Gl bleeding.
The mechanisms of action are unclear, but probably include reduction
of GFR and stimulation of proximal Na (and thus water) reabsorption.

Management of NDI during intercurrent illness, and peri-
operatively

During intercurrent infection or for elective surgery, children with NDI
may require |V fluids. Unlike the usual paediatric situation this should
be given as 5% glucose without saline. The inclusion of saline will increase
the solute load and thus worsen hypernatraemia. Patients should be
closely monitored with a strict input/output balance, daily weights
and for the development of dysnatraemias with adjustment of IV fluids
accordingly.

Acquired (secondary) nephrogenic diabetes insipidus
Inherited NDI is a rare disease, and secondary forms occur more com-
monly (and often have only moderately impaired urinary concentrating
ability-isosthenuria):
o Amyloidosis.
o Analgesic nephropathy.
o CKD (particularly renal dysplasia and nephronophthisis).
o Drug induced:

e lithium;

* tetracycline.
o Hypercalcaemia/hypercalciuria.
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Chronic hypokalaemia.
Post-obstructive uropathy.

Bartter syndrome.

Apparent mineralocorticoid excess.
Sarcoidosis.

Sickle cell anaemia.

Nephrogenic syndrome of inappropriate antidiuresis
Nephrogenic syndrome of inappropriate antidiuresis (NSIAD) is the
mirror image of NDI: in NDI water is lost, whereas in NSIAD water
is inappropriately retained. Thus, NSIAD is a genetic form of the
syndrome of inappropriate anti-diuresis (SIADH).
o NSIAD is caused by gain-of-function mutations in AVPR2 (loss-of-
function of which cause NDI, see LI ‘Nephrogenic diabetes insipidus’,
p.155). Accordingly, NSIAD is an X-linked dominant disorder, with men
typically more severely affected than women.
Only 2 mutations have so far been isolated in NSIAD, both affecting
the same amino acid, arginine 137: R137C and R137L. Interestingly,
mutation of this residue to histidine (R137H) results in NDI.
Affected patients present with hyponatraemia, with no evidence of
hypovolaemia and inappropriately high urine osmolality (Uosm >
Posm).
NSIAD can be differentiated from SIADH by the presence of a
family history (usually), and very low or absent levels of anti-diuretic
hormone.
o Treatment is similar to that in SIADH and consists of water restriction:
* older patients will refrain from drinking automatically, but in infants
this is more difficult, as fluid and calorie intake are coupled;
» feeds should be concentrated as much as possible and solids
introduced early;
* urea supplementation (to increase osmotic load) and furosemide
(to impair urinary concentration) have been described, but no clear
data exist.
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Disorders of renal magnesium handling

Basic principles

While most other ions are predominantly reabsorbed in the proximal
tubule, the key sites for Mg reabsorption are the thick ascending limb
of Henle’s loop (TAL) and distal convoluted tubule (DCT) (Fig. 7.6a,b).
Consequently, all disorders associated with abnormal renal Mg handling
affect transport in these two segments (Table 7.4). Clinically, they can be
separated into three groups, based on urinary Ca excretion (Table 7.4).
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Fig. 7.6 (a) Schematic of salt transport in TAL. (b) Schematic of salt transport in DCT.
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Disorders in TAL are associated with hypercalciuria
The molecular pathway for Mg reabsorption in TAL includes Claudin 16 and
19, and is shared with Ca. The voltage gradient driving absorption is gener-
ated by the combined actions of NKCC2 and ROMK (mutations that cause
Bartter syndrome). Therefore, loss-of-function in any of these four proteins
leads to waste of both Mg and Ca. In Bartter syndrome there is additional salt
wasting with consequent hypokalaemic hypochloraemic metabolic alkalosis.
o Inherited causes:
¢ familial hypomagnesaemia with hypercalciuria and nephrocalcinosis
(autosomal recessive (AR) mutations in CLDN16 or 19);
* Bartter syndrome type 1 or 2 (AR mutations in NKCC2 or ROMK).
o Acquired causes:
* loop diuretics;
 amphotericin, cisplatin, foscarnet, pentamidine (usually associated
with more generalized tubular dysfunction).

Disorders in the distal convoluted tubule affecting magnesium
reabsorption only are associated with normocalciuria
The key entry step for Mg into the cell is through the ion channel TRPMé.
Disorders that directly or indirectly impair this entry step affect renal Mg
excretion only. The excretion of other salts, such as Ca, Na, Cl7, and K is
unaffected.
o Inherited causes:

« familial hypomagnesaemia with secondary hypocalcaemia (AR

mutations in TRPM6);

« hypomagnesaemia HOMG (AD mutations in KCNA1);

* hypomagnesaemia HOMG4 (AD mutations in EGF).
o Acquired causes: tacrolimus, ciclosporin, proton-pump inhibitors.

Disorders in the distal convoluted tubule primarily affecting sodium
reabsorption are associated with hypocalciuria
Impaired Na reabsorption in DCT indirectly affects Mg reabsorption.
Thus, disorders of Na reabsorption (e.g. Gitelman and EAST syndrome)
are associated with renal Mg wasting. The resulting volume loss from
impaired Na reabsorption leads to up-regulation of proximal Na trans-
port, which is paralleled by Ca reabsorption. Thus, these disorders are
associated with hypocalciuria.
o Inherited causes:

¢ Gitelman syndrome (AR mutations in NCC);

* Bartter syndrome type 3 and 4 (AR mutations in CLCKNB or Barttin);

» EAST/SeSAME syndrome (AR mutations in KCNJ10);

* HOMG2 (AD mutations in FXYD?2);

 Renal cysts and diabetes syndrome (AD mutations in HNF1B).
o Acquired causes: thiazides.
Since the active, transcellular transport in the kidney requires energy,
renal Mg wasting can also be seen in mitochondrial cytopathies. Since
these disorders can affect any other transport pathway, the associated
abnormalities can be highly variable. Since aminoglycosides affect mito-
chondrial function, they also can cause hypomagnesaemia.

Investigations and treatment
See [ ‘Disorders of magnesium: basic principles’, p.122.



Table 7.4 Inherited disorders and genes associated with renal Mg wasting

Gene Protein Phenotype Disease
Plasma Urine Extrarenal
Mg Ca K Cl HCO; Ca K
SLC12A1  NKCC2 ol e 4 t t t Bartter 1
KCNJ1 ROMK ol e 4 t t t Bartter 2
CLDN16  Claudin16 4 o e e - t - FHHNC, HOMG3
CLDN19  Claudin19 ! o e o “ t “— Eye problems FHHNC, HOMGS5
CLCKNB  CLCKNB o o 4 t te Bartter 3
BSND Barttin Yer o 4 t ‘et Deafness Bartter 4
TRPM6 ~ TRPM6 W + o o - - - Epilepsy, DD HSH, HOMG1
EGF EGF W o e e - - - DD HOMG4
KCNAT — KV1.1 W o e e - - - Episodic ataxia, myokymia HOMG
FXYD2  Na*/K*-ATPase, y-subunit W o e o - I - HOMG2
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HNF1B  HNF1B W “ ol el ot 4 «*t  Renal malformation, MODY RCD

SLC12A3 NCC { o { t 4 t Gitelman
KCNJ10 Kir4.1 4 - ! t v t Epilepsy, ataxia, deafness, DD EAST/SeSAME
MTTI tRNA 4 o el tel ot tet et Syndrome X Mitochondrial

Listed are known inherited disorders of renal Mg handling. The darkly shaded first 4 rows contain disorders of Mg-handling in TAL, the lightly shaded next 2 rows contain disorders
of Mg-handling in TAL and DCT. The next 3 unshaded rows are disorders of Mg-handling in DCT. The last 4 boxed rows are disorders of renal Na handling in DCT with
secondary renal Mg wasting.

DD: developmental delay; FHHNC: familial hypomagnesaemia with hypercalciuria and nephrocalcinosis; HSH: hypomagnesaemia with secondary hypocalcaemia; HOMG:
hypomagnesaemia, renal; RCD: renal cysts and diabetes syndrome; MODY: maturity onset diabetes in the young.
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Rickets

General principles

o

Rickets refers to impaired mineralization at the epiphyseal growth
plate, with deformity and impaired linear growth.

Rickets occurs due to a deficiency in one of the two key components
of bone: Ca and/or P. This deficiency can be primary or secondary.
Broadly speaking the rickets syndromes can be classified in:

* deficiency of vitamin D (with secondary deficiency of Ca and P;

* nutritional deficiency of Ca;

* renal P wasting (hypophosphataemic rickets);

» CKD (see [ Chapter 18, p.409).

Occasionally, more generalized proximal tubular dysfunction (e.g.
glyco-, aminoaciduria, acidosis, low-molecular weight proteinuria) can
be seen in vitamin D deficiency or Ca deficiency rickets. These findings
thus do not always indicate a primary renal tubular problem such as
renal Fanconi syndrome and should be reassessed when rickets is
controlled.

o Glycosuria can also be seen with hypophosphataemic rickets.
o Table 7.5 summarizes the major clinical and biochemical features of the

rickets syndromes, including therapy.

PTH and ALP are elevated in all forms of rickets, reflecting the body’s
attempts to normalize plasma Ca and P levels by mobilization from the
bone. These two parameters can thus be used as markers of rickets
activity and treatment should aim at normalization of them.

At presentation, it may be difficult to distinguish between vitamin

D deficient and hypophosphataemic rickets (unless plasma levels of
vitamin D are available), as the elevated PTH induces renal P wasting.
The initial treatment goal thus is to normalize PTH by vitamin D
supplementation. Persistent renal P wasting with normal PTH argues
for a primary renal defect in P transport.

Attempts at normalization of plasma P levels in states of primary renal P
wasting are usually futile: the more P is supplemented, the more is
lost in the urine. Occasionally, plasma levels may return to normal,

if obtained shortly after intake of P supplement.

To avoid large swings in plasma P levels, supplementation should be
spread throughout the day in four or more doses. It may be helpful to
dissolve the daily dose of P supplement in a bottle of water and advise
the patient to drink from this throughout the day.

Table 7.6 lists P preparations available in the UK. At high doses all P
supplements can cause diarrhoea.

Vitamin D supplementation with the goal of normalizing PTH and ALP
in hypophosphataemic rickets is in our experience key to optimizing
growth and minimize skeletal deformities. However, about 50% of
patients develop nephrocalcinosis. A good fluid intake should be
encouraged to minimize urine Ca concentration.



Table 7.5 Rickets: causes and biochemical findings

Type Cause Biochemistry Treatment
Vitamin D related Ca PO, PTH ALP 25(OH) 1,25 (OH)
VitD  VitD
Nutritional/deprivational Lack of dietary vitamin D I - 1t t i { Vitamin D2 or D3 at 1500-3000iu/day
and/or lack of sunlight (RDA in health is 7-10micrograms/
day or 280—400iu/day) for 6-8 weeks,
followed by prophylactic doses of
300-400iu/day
Malabsorption Malabsorption of vitamin D > -t t 13 1 Treat underlying cause. Vitamin D
and/or calcium supplements may be required
Pseudovitamin D deficiency ~ Mutations in 25-hydroxyvitamin - -t t - 4 1-alpha calcidol or calcitriol
(PDDR, VDDR type 1) D-1-alpha-hydroxylase genes.
Hypocalcaemic vitamin D Mutations in the vitamin D - -t t - t No satisfactory treatment.
resistant (HDRR, VDDR receptor (VDR) gene. Inability of Nocturnal intravenous calcium
type II) cells to respond to 1,25 (OH)2 D. infusions?
Calcium deficiency Lack of calcium in diet 1 - 1t t - - Calcium supplement.

(Continued)
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Table 7.5 (Contd.)

Type Cause Biochemistry Treatment
Hypophosphataemic
Renal Fanconi syndrome Loss of phosphate in urine - y t - As per X-linked (see “X-Linked
dominant’, this table)
Oncogenic Tumour production of FGF23 - y t > Treat tumour
Inherited
hypophosphataemic
X-Linked dominant Mutations in the PHEX gene - 4 t - 1-alphacalcidol at 25-50ng/kg/day
causing phosphaturia plus (maximum 2micrograms/day)
inadequate synthesis of once daily.
i (@2 D Oral phosphate supplements:
neutral phosphate at 1-4g/day
(30-120mmol/day) divided into
4-6 doses.
Autosomal dominant Mutation of the FGF23 gene - 4 t > Phosphate supplementation
Autosomal hypercalciuric Recessive mutations in SLC34A3 - - 1 - Phosphate supplementation

hypophosphataemic rickets

(NaPi-llc). Also reported with
dominant mutations in SLC34A1
(NaPi-lla).
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Table 7.6 Phosphate supplements

RICKETS

Preparation P K Na
Phosphate-Sandoz® (also contains 16.Tmmol  3.1mmol 20.4mmol
800mg per tablet of citrate), UK licensed

Na acid (di-hydrogen) phosphate, Tmmol/mL  None Tmmol/mL
unlicensed special (special products)

K acid (di-hydrogen) phosphate, Tmmol/mL  1mmol/mL  None
unlicensed special (special products)

K-Phos® neutral, film-coated tablet,

250mg (Beach US) import 8mmol 1.1mmol 13mmol
Neutra-Phos® powder sachets

(makes solution), Baker Norton US 7.125mmol  7.125mmol  7.125mmol
Neutra-Phos® K, powder sachets

(makes solution), Baker Norton US 7.125mmol  14.25mmol  None
K-Phos original, (Na free) tabs,

Beach US 4mmol 3.7mmol None
K-Phos MF tablet, Beach US 4mmol 1.1mmol 2.9mmol
K-Phos No. 2, tablet Beach US 8mmol 2.3mmol 5.8mmol
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Tubulointerstitial nephritis

Basic principles

In contrast to glomerular disorders, which typically present with
oliguria, fluid retention and hypertension, tubulointerstitial disorders
usually maintain good, even increased urine output with low-normal
BP and thus the possibility of kidney disease may not be considered
initially.

Presenting symptoms are often non-specific, such as malaise, fatigue,
and polyuria.

Clinical features are very similar to nephronophthisis (see LLJ
‘Nephronophthisis’, p.329) which is an important differential diagnosis.
Renal dysfunction is revealed by severe uraemia. The reasons for the
secondary decrease in glomerular filtration are complex and probably
include tubuloglomerular feedback to limit fluid and electrolyte

losses.

Tubulointerstitial nephritis (TIN) in children is usually acute (history of
weeks to months), but chronic TIN (history of months to years) can
be seen typically in the context of systemic diseases (see L ‘Causes of
chronic tubulointerstitial nephritis’, p.169).

Acute TIN accounts for approximately 7% of AKl in children.

In adults, about 70% of all cases of TIN are due to drug reactions

and another 15% infection-associated. No good epidemiological

data exist for children. In our own experience, idiopathic (presumed
autoimmune) TIN, often associated with uveitis (TINU) is the most
common aetiology of biopsy-proven TIN. Thus, the clinical experience
from adult cases has limited relevance for paediatric patients.

Clinical features of acute tubulointerstitial nephritis

o

L] o o o

Non-oliguric or polyuric.

Oliguria may develop in more severe forms.

Acute and progressive rise in plasma urea and creatinine.

Laboratory parameters can reflect the whole spectrum of tubular
dysfunction, including glycosuria, tubular proteinuria, acidosis,
isosthenuria.

Normochromic normocytic anaemia may be observed in long-standing
TIN affecting the erythropoietin-producing peri-tubular cells.
Haemolytic anaemia can accompany acute TIN caused by drugs.
Uveitis is a common associated problem (TINU), which may be
asymptomatic or show only minor symptoms, such as light sensitivity.
In some children uveitis precedes the TIN, in others uveitis may
develop later.

Rarely, sensorineural deafness is observed as part of the TINU
spectrum, which may respond to corticosteroid/immunosuppressant
therapy.

Causes of acute tubulointerstitial nephritis

Idiopathic: typically associated with uveitis and thought to be due to an
autoimmune reaction against a common antigen in eye and kidney.
Drugs:

e rifampicin;
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meticillin;

phenytoin;

ciclosporin;

intravenous immunoglobin;

NSAIDs;

omeprazole;

herbal medicines;

toxins: heavy metals;

NB: anti-TBM antibodies can occur in drug-induced TIN (see L

‘Causes of chronic tubulointerstitial nephritis’, p.169).

Infection:

e viral (including HIV), bacterial (including TB), protozoal (including
malaria);

* acute pyelonephritis.

o Autoimmune disease:

» complicating glomerulonephritides, e.g. systemic lupus
erythematous (SLE), [gAN;
vasculitis: including Kawasaki disease (feature of the disease or
complication of IVIG therapy);
Henloch —Schénlein purpura (HSP);
juvenile idiopathic arthritis;
e sarcoidosis.
Malignancy: lymphoma.

Causes of chronic tubulointerstitial nephritis

Idiopathic.

Autoimmune: see ‘Autoimmune disease’ bullet in £ ‘Causes of
acute tubulointerstitial nephritis’, p.168; may also be associated with
antitubular basement membrane antibodies (anti-TBM), sometimes in
association with autoimmune enteropathy.

Urate nephropathy: must examine renal biopsy under polarized light to

detect urate crystals.

Associated with cholestatic liver disease.

Obstructive uropathy.

Balkan nephropathy (non-inflammatory, chronic, slowly progressive
interstitial kidney disease, frequently associated with urinary tract
tumours in endemic areas).

Laboratory features
Blood

Elevated urea and creatinine.

Hyperchloraemic metabolic acidosis (normal anion gap).
Hyperkalaemia (with severe uraemia); but hypokalaemia (due to renal
wasting) is more commonly observed.

Hypernatraemia.

Hyperphosphataemia (with severe uraemia) or more typically
hypophosphataemia.

Hyperuricaemia.

Elevated IgE.

Eosinophilia.

Anaemia.

Leucocytosis, high ESR, high CRP.
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Urine

o Proteinuria (tubular): e.g. retinal-binding protein (RBP):creat ratio.

o Microscopic haematuria.

o Elevated white cells in urine (eosinophiluria = >1% of all white cells in

urine). Request Wright stain of urine to assess eosinophiluria.

Isosthenuria.

e Glycosuria.

o Phosphaturia and decreased tubular re-uptake of P (TRP): measure
plasma and urine P simultaneously for this test.

o Bicarbonaturia.

* Aminoaciduria.

Renal ultrasound

o Increased renal size with loss of cortico-medullary differentiation
(acute TIN).

o Small kidneys in chronic TIN.

Ophthalmology review

o In view of the recognized association of TIN with uveitis (TINU),
screening for uveitis is recommended for all children with biopsy-
proven TIN, since uveitis may be asymptomatic until blindness occurs.

o This assessment is also important to screen for tapetoretinal
degeneration, which can be observed as part of nephronophthisis.

o Since uveitis can develop after TIN, patients should be told to
watch out for symptoms of light sensitivity or visual problems and
ophthalmological follow-up for at least a year after presentation with
TIN is recommended, even if no uveitis was present.

Renal biopsy

o Light microscopy in both acute and chronic TIN shows the presence
of diffuse or patchy interstitial deposits consisting of activated
lymphocytes, macrophages, plasma cells, polymorphonuclear
leukocytes, and eosinophils in acute TIN and mainly lymphocytes in
chronic TIN.

o Cortical tubules separated by expanded interstitium (oedema) in acute

TIN.

Interstitial fibrosis in chronic TIN.

Tubular epithelial injury varying from degeneration to necrosis and

focal loss of tubular basement membrane may be present in acute TIN.

Tubular lumen may contain casts made of desquamated cells or blood.

In chronic TIN, tubular atrophy and thickening of the tubular basement

membrane are prominent.

If high intratubular pressure is present (as in obstruction), renal tubules

may be dilated.

Generally kidneys are enlarged in acute TIN; contracted and scarred in

chronic TIN.

Blood vessels and glomeruli are normal in acute TIN and in the early

stages of chronic TIN, but periglomerular fibrosis and sclerosis develop

during the course of chronic TIN.

Immunofluorescence studies are generally negative for immune

deposits.
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Treatment of tubulointerstitial nephritis

o Supportive.

o Remove offending agent if possible (stop all drugs, ask about herbal
medicines).

o |diopathic TIN(U) typically responds well to treatment with
corticosteroids. Typical dose—2mg/kg prednisolone (max 60mg) daily
for 4-8 weeks, tapering over subsequent months once symptoms have
improved.

* if no clinical improvement with corticosteroids over 1-2 months,
this should be discontinued and the differential diagnosis (especially
nephronophthisis) revisited;
immunosuppressants such as azathioprine (2mg/kg/od) have been
used for TINU in combination with corticosteroids. Associated
uveitis may require topical steroids +/— systemic therapy: seek
ophthalmology advice.

Prognosis of tubulointerstitial nephritis

o The degree of interstitial fibrosis has been correlated with outcome in
some studies, but in other studies there is no such relationship. These
conflicting observations may be due to patchy nature of the disease
and the random sampling on renal biopsy.

e Prognosis is usually excellent for acute TIN.

o The prognosis for chronic TIN is guarded, with risk of progression to
CKD 5.

Further reading
Jahnukainen T, Ala-Houhala M, Karikoski R, et al. (2011). Clinical outcome and occurrence of
uveitis in children with idiopathic tubulointerstitial nephritis. Pediatr Nephrol 26:291-9.
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Renal calculi

Causes

Types of calculi

® Metabolic: supersaturation of stone forming ions (Ca, phosphate,

urate, oxalate, cystine) due to increased excretion, increased urinary
concentration, alteration of ion solubility due to urine pH or lack of
normally-produced inhibitors of crystal formation.

Infective: may occur in association with structural abnormalities of

the urinary tract that cause stasis of urine; or with urease producing
organisms (particularly Proteus spp.) that break down urea to ammonia,
resulting in an alkaline urine, and the precipitation of Ca phosphate and
magnesium ammonium phosphate (struvite).

o Both metabolic and infective.

There is often a family history. Occasionally, children are given ‘over the
counter’ vitamin and Ca supplements (see Table 8.1).

Presentation

o Urinary tract infection (UTI).

Ureteric colic.

Macroscopic or microscopic haematuria.

Chronic ill health and anaemia.

Dysuria or strangury (slow and painful micturition) due to bladder
calculi, which may occur in augmented bladders. They are also
relatively common in the Middle East, principally due to diet.

o Incidental finding causing no symptoms.

Metabolic disorders that cause calculi
o Hypercalciuria: the commonest cause.

* idiopathic;

* hypercalcaemic;

* associated with renal tubular dysfunction (e.g. renal tubular acidosis,
Dent’s disease, Bartter syndrome, familial hypomagnesaemia with
hypercacluria).

o Hyperoxaluria: see L ‘Specific causes of calculi: investigation and
management’, p.178.

* primary types 1 or 2 (the association of nephrocalcinosis and renal/
ureteric calculi is highly suggestive of primary hyperoxaluria type 1).

e enteric;

* idiopathic.

o Cystinuria.

o Disorders of purine metabolism:

uric acid over-production, e.g. following chemotherapy;
familial juvenile hyperuricaemic nephropathy;
xanthinuria;

2,8-dihydroxyadenine calculi.
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Table 8.1 Drugs/intoxications associated with stones

Drugsl/intoxications associated with Mechanism

stones

Ampicillin Precipitation of drug/metabolite
in the urine

Triamterene

Sulfonamides

Aciclovir

Indinavir, lopinavir

Ceftriaxone

Furosemide Increase in urinary Ca

Calcium

Vitamin D

Glucocorticoids

Ethylene glycol Metabolization to oxalate
Vitamin C

Probenecid Increasing urinary uric acid
Acetazolamide and other carbanhydrase Altering urinary pH
inhibitors

Environmental factors facilitating stone formation

o Low fluid intake.
o Diet (high salt, high protein).

Investigations for all causes of calculi

Radiological

o US: acoustic shadowing is present.

o CT (helical, non-contrast): best modality to detect stones, but high
radiation burden.

o Abdominal X-ray (purine stones are radiolucent): include the penis if
history and findings are suggestive of bladder outlet obstruction.

o Dimercaptosuccinic acid (DMSA) in order to determine the extent of
renal involvement.

o Intravenous pyelogram (IVP) prior to intervention in order to define the
position of the stones within the calyces if lithotripsy is planned. Mostly
replaced by CT.
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Stone/gravel

This is the most important tool to discover the underlying cause—the com-
position of the stone will give strong clues towards the aetiology (e.g. oxalate
vs. struvite). Any fragment excreted should be sent for analysis and patients
may need to strain their urine for a while to enhance the chances of stone
recovery.

Urine

If no underlying disorder is known and if no stone analysis was done, a full
metabolic screen should be performed; otherwise only selected tests will
be necessary. The metabolic screen is best done via a 24-h urine collection.
A concurrent urine creatinine should always be performed to assess com-
pleteness of collection (expected creatinine excretion 0.1-0.2 mmol/kg/day,
depending on muscle mass).

Microscopy and culture (spot sample) to assess for infective aetiology.
Calcium (normal <0.1 mmol/kg/day): for incomplete collections, the
Ca/creatinine ratio can be used, which varies with age (Table 8.2).
Oxalate (normal 100-460 umol/d/1.73m?). Alternatively the oxalate/
creatinine ratio can be used for a spot urine (Table 8.3).

Urate (normal <0.1 mmol/kg/d)/creatinine ratio (Table 8.4).

Urine amino acids (assess for cystinuria—increased excretion of dibasic
amino acids).

Citrate normal range for all ages: Female—0.11-0.55 mmol/mmol crea.
Male—0.04-0.33 mmol/mmol crea.

Table 8.2 Age-dependent normal values for urine Ca:Cr ratios

Age (years) Ca:Cr (mmol/mmol) Ca:Cr (mg/mg)
<1 0.09-2.2 0.03-0.78
1-2 0.07-1.5 0.02-0.53
23 0.06-1.4 0.02-0.50
3-5 0.05-1.1 0.02-0.39
5-7 0.04-0.8 0.01-0.28
7-17 0.04-0.7 0.01-0.25

Table 8.3 Age-dependent normal values for urine oxalate:Cr ratios

Age (years) Oxalate:Cr (umol/mmol)
<1 year 4-98
1-4 years 4-72
5-12 years 3-71

>12 years 1-38




RENAL CALCULI 177

Table 8.4 Age-dependent normal values for urine urate:Cr ratios

Age Urate:Cr (mmol/mmol)
0-7 days 0.12-1.96
7 days-2 years 0.42-1.53
2-6 years 0.57-1.35
6-10 years 0.39-0.85
10-18 years 0.15-0.67
Blood

o Urea & electrolytes (U&Es), creatinine.

o Calcium, magnesium, phosphate, albumin.
o TCO, (or bicarbonate).

o Urate.

o Parathyroid hormone (PTH).

Treatment for all causes of calculi

Medical

o High fluid intake.

o Low salt intake (to reduce urinary Ca).

o Potassium supplements (see next bullet point) reduce urinary
Ca excretion.

o Citrate forms soluble complexes with Ca. Give 1mmol/kg/day of
potassium citrate.

o Bicarbonate supplementation increases urinary citrate.

o Treatment of specific metabolic disorder.

Surgical

o Small stones that are not causing any symptoms may not require
intervention as they may pass spontaneously.

o Percutaneous nephrostomy may be needed as a temporary measure if
there is obstruction to urine flow.

o Extracorporeal shock wave lithotripsy: not good for cystine stones, which

are hard. Fragments may cause obstruction. Careful consideration

needs to be given to its use with severe nephrocalcinosis, which may

predispose to damage to the renal parenchyma.

Percutaneous nephrolithotomy: particularly for very large stones.

Ureteroscopy: for ureteric stones.

Open surgery: particularly if associated with pelviuteric junction (PUJ)

obstruction.

Further reading

Cochat P, Pichault V, Bacchetta J, et al. (2010). Nephrolithiasis related to inborn metabolic
diseases. Pediat. Nephrol. 25: 415-24.
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Specific causes of calculi: investigation
and management

Hyperoxaluria

Primary hyperoxalurias are inherited metabolic disorders with increased
production of oxalate (see L ‘Renal calculi’, p.174 and ‘Nephrocalcinosis’,
p.180).

Secondary hyperoxaluria is due to increased enteric oxalate absorption.
Oxalate absorption is increased if there is not enough Ca to bind oxalate
in the gut. It occurs in:

o Malabsorption syndromes (e.g. inflammatory bowel disease, cystic
fibrosis).
o Low Ca diets.

Specific treatment
A low oxalate diet, oral citrate, and bicarbonate.

Cystinuria
o Autosomal recessive disorder causing around 10% of childhood stones.
o Typical hexagonal crystals are present in the urine sediment.
o Diagnosis is by measurement of urinary cystine >100 mcmol/mmol
creatinine (mornal <30).
o Can be caused by two genes, SLC3A1 (rBAT, encoding a necessary
transporter subunit) and SCL7A9 (encoding the actual transporter).
o Categorized in 3 types:
» A:recessive mutations in SLC3A1 (45% of patients, heterozygotes
unaffected);
¢ B:recessive mutations in SLC7A9 (>50%: heterozygotes have
moderately increased cystine excretion);
 AB: heterozygote mutations in both SLC3A1 and SLC7A9 (2%).
o Often presents with bladder stones, these should always prompt this
diagnostic consideration.
o |Impaired transport of cystine, ornithine, lysine, and arginine is due to a
defective subunit of the proximal renal tubular transport molecule.
o Cystine is poorly soluble at a pH between 5 and 7 and stones form at
concentrations over ~1 mmol/L.

Specific treatment

o At pH >8, solubility increases 3- fold so treatment is by alkalinization of
the urine.

o Cleavage of the disulphide bond of cystine to cysteine by chelating

agents is another approach to treatment, particularly if cystine

excretion exceeds 3mmol/day. Cysteine does not form stones at

physiological pH.

Chelating agents are D-penicillamine (DP) and e<-mercaptoproprionyl-

glycine (MPG). Dose is 20-40mg/kg given in 2 doses/day. Pyridoxine

supplementation is required with DP.
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Purine stones

o High urate levels may occur due to rapid cell turnover in leukaemia
or lymphoma, particularly after commencement of chemotherapy
(see L “Tumour lysis syndrome’, p.406).

o Familial juvenile hyperuricaemic nephropathy is an autosomal dominant
(AD) disorder characterized by abnormal tubular handling of urate,
gouty arthritis and late development of chronic interstitial nephritis
leading to CKD.

o Lesch—Nyhan syndrome is an autosomal recessive (AR) disorder due

to deficiency of hypoxanthine-guanine phosphoribosyltransferase.

Presentation may be with choreoathetosis, self-mutilation, uric acid

calculi, and CKD.

Glycogen storage disease type 1 may increase uric acid excretion.

Xanthinuria is an AR disorder due to deficiency of xanthine

oxidase, which converts xanthine to uric acid. There is, therefore,

hypouricaemia and xanthine stones.

Adenine phosphoribosyltransferase deficiency (AR disorder) results

in 2,8-dihydroxyadenine rather than adenine. 2,8-dihydroxyadenine is

relatively insoluble, resulting in calculi formation.

Specific treatment
Allopurinol is used alongside usual medical therapy.

Hypercalcuria

o The commonest metabolic abnormality found in paediatric stone
formers.

o Calcium excretion is affected by Na intake: Ca reabsorption in the
proximal tubule (PT) parallels Na reabsorption. Consequently, changes
that lead to an expansion of the extracellular volume, such as a high
Na intake, will decrease Na and thus Ca reabsorption in PT and vice
versa. This is used for therapeutic purpose, when thiazide diuretics are
prescribed (see LI ‘Specific treatment’, p.179): the resulting volume
depletion enhances Na, and thus Ca reabsorption in the PT.

o For causes see [J ‘Nephrocalcinosis’, p.180).

Specific treatment

o Thiazide diuretics increase tubular Ca reabsorption.

o Dietary Ca restriction is only useful if the hypercalciuria is due to
increased intestinal absorption of Ca, such as in idiopathic infantile
hypercalcaemia. Otherwise, Ca restriction can actually be harmful—in
the gut, Ca complexes with other lithogenic substances, such as
oxalate, preventing their absorption. Thus, dietary Ca restriction
enhances the absorption of oxalate and thus increases the risk of
stones. Moreover, as plasma Ca is maintained constant by vitamin D
and PTH, patients with a renal Ca leak may increase Ca mobilization
from the bone if intake is restricted.

Further reading
Cochat P, Pichault V, Bacchetta J, et al. (2010). Nephrolithiasis related to inborn metabolic
diseases. Pediat. Nephrol. 25: 415-24.
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Nephrocalcinosis

An increase in the Ca content of the cortex or medulla. It can be due to
any cause of hypercalcaemia, hypercalciuria, or hyperoxaluria. US shows a
typical pattern of hyperechoic medullae, which can be graded according
to severity. If there is doubt, a single-slice computed tomography (CT)
scan can confirm that this is due to Ca.

Causes of medullary nephrocalcinosis
o Adrenal insufficiency.

o Bartter’s syndrome.

o Cushing syndrome.

o Dent’s disease.

o Distal renal tubular acidosis (RTA).

o Familial hypomagnesaemia-hypercalciuria.

o Hyperparathyroidism.

o Hyper- and hypothyroidism.

o |diopathic hypercalcuria.

o Immobilization.

o Lesch—Nyhan syndrome.

o Lowe’s syndrome.

o Malignant neoplasm.

o Medications: frusemide, dexamethasone, thus very commonly seen in
premature babies.

Medullary sponge kidney.

Nutrition: parenteral vitamins A, C, or D intoxication.
Prematurity.

Tyrosinaemia.

Sarcoidosis and other granulomatous diseases.

William’s syndrome.

Wilson’s disease.

Enamel-renal syndrome (amelogenesis imperfecta and
nephrocalcinosis; inherited dental disorder associated with
hypocalciuria, yet patients develop nephrocalcinosis).

Causes of cortical nephrocalcinosis
Cortical necrosis.

Causes of both cortical and medullary nephrocalcinosis
o Hyperoxaluria:
 primary types 1,2 or 3 (the association of nephrocalcinosis and
renal/ureteric calculi is highly suggestive of primary hyperoxaluria
type 1);
* enteric;
* idiopathic.
o Hypercalcaemia.
o Lipoid (fat) necrosis.
o Sickle cell disease.
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Overview of inherited glomerular
diseases

Basic principles

The glomerular barrier consists of three layers:

o Endothelium: formed by vascular endothelial cells. No inherited kidney

disease has yet been localized to this layer.

Basement membrane: defects in this layer are typically associated with

haematuria (e.g. Alport syndrome), except Pierson syndrome, a form

of congenital nephrotic syndrome due to mutations in the basement

membrane protein laminin-f2.

o Epithelium: formed by podocytes. Inherited diseases affecting podocyte
function result in proteinuria/nephrotic syndrome (see [ ‘Nephrotic
syndromes: definitions’, p.192).

Nephrotic syndrome

o Genetic studies have identified several genes implicated in the
pathogenesis of rare inherited forms of steroid-resistant nephrotic
syndrome (SRNS; see Table 9.1).

o Nephrotic syndrome can occur in the context of mitochondrial
cytopathies and these should always be considered as they are
potentially treatable, e.g. in cases of co-enzyme Q10 (ubiquinone)
deficiencies.

o There are currently no genes known to cause steroid-sensitive
nephrotic syndrome (SSNS).

The identification of a genetic cause should prompt careful consideration
of further management:

o A biopsy is unlikely to provide important information.

o There are no data to support the use of aggressive immunosuppression
such as high-dose methylprednisolone or cyclophosphamide.

There are some reports of patients with SRNS due to mutations in
NPHS2 and WT1, who experienced partial remission with ciclosporin,
which may be due to effects beyond immunosuppression.

Use of an immunosuppressive drug in patients with WT1 mutations
must be carefully considered, however, as it would likely increase the
already high cancer risk.

Mutations in NPHS1 are the most common cause of congenital nephrotic
syndrome and the clinical course is usually severe. However, there appears
to be some genotype—phenotype correlation: a few patients homozygous
for the R1160X mutation have the initial severe presentation, but then
spontaneous improvement and even resolution of the nephrotic syn-
drome later in childhood. This needs to be considered before embarking
on aggressive therapy in infancy, such as nephrectomies. Moreover, some
cases of childhood-onset SRNS are due to NPHS1 mutations and these
patients have at least one ‘milder’ mutation with presumed residual
nephrin function.
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Table 9.1 Known disease genes in steroid-resistant nephrotic

syndrome

Gene OMIM  Inheritance Onset Disease

NPHS1 602716 AR Infant/child SRNS only

NPHS2 604766 AR Infant to adult  SRNS only

PLCE1 608414 AR Infant SRNS only

CD2AP 604241 AD (AR) Adult/(infant) ~ SRNS only

TRPC6 603652  AD Adult/child SRNS only

ACTN4 604638  AD Adult SRNS only

INF2 610982  AD Adult/child SRNS only

Syndromes

WT1 607102 AD Infant Denys—Drash,
Frasier

Lamb2 150325 AR Infant Pierson syndrome

ITGB4 147557 AR Infant Epidermolysis
bullosa

LMX1B 602575  AD Child to adult  Nail-patella
syndrome

SCARB2 602257 AR Child Action-myoclonus
renal failure
syndrome

SMARCAL1 606622 AR Child Schimke immuno-
osseous dysplasia

Mitochondrial cytopathies

C0Q2 609825 AR Infant COQ10 deficiency

PDSS2 610564 AR Infant COQ10 deficiency

MTTL1 590050  mitochondrial Infant MELAS

AR, autosomal recessive; AD, autosomal dominant; NS, nephrotic syndrome; MELAS,
myopathy, encephalopathy, lactic acidosis, and stroke-like episodes.
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Alport syndrome and thin basement
membrane nephropathy

Definition

o Alport syndrome (AS): multi-system disorder including nephritis,
sensorineural deafness and often eye abnormalities. The severity of the
individual symptoms is variable. Classical Alport syndrome is due to
mutations in type IV collagen (see Table 9.2). In addition, mutations in
MYH9 can cause familial nephritis indistinguishable from AS by biopsy,
as well as sensorineural deafness (see Table 9.2).

o Thin basement membrane nephropathy (TBMN) is a histological
diagnosis, defined by attenuation of the basement membrane. It is often
equated with benign familial haematuria, but there is overlap with AS:
some patients with AS initially have a picture of TBMN.

Genetics
o AS and TBMN are due to structural abnormalities of the basement
membrane:

¢ a key component of the basement membrane is type IV collagen,
which in itself is a composite of so-called a-chains;

« there are 6 genes encoding these a-chains, COL4A1 to COL4A6, and
chains come together to form a trimer, which then assembles with
another trimer to form type IV collagen;

* these chains have specific assembly partners, as well as tissue and
developmental expression;

* mutations in three of these chains are associated with AS
(Table 9.2).

Table 9.2 Genes underlying Alport-like syndromes

Gene OMIM Inheritance Extrarenal symptoms
COL4AS 301050 X Eye, ear

COL4A3 120070 AR (AD) Eye, ear

COL4A4 120131 AR (AD) Eye, ear

MYH9 160775 AD Ear, platelets, leukocytes

X, X-linked; AR, autosomal recessive; AD, autosomal dominant; heterozygous mutations in
COL4A3, 4, and 5 can be associated with both Alport syndrome and TBMN

e The most common underlying gene (~80%) is COL4A5, which is
located on the X-chromosome and thus affected patients are almost
exclusively males.

o Heterozygous mutations in the COL4A genes are associated with
TBMN. However, in about 5% of patients with AS, only heterozygous
mutations in COL4A3 or COL4A4 are found (autosomal dominant AS).
Females, carrying COL4A5 mutations can have a broad spectrum of
severity, presumably due to random X-inactivation.
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o In about half of all cases with TBMN, the genetic aetiology is unclear.

o A different form of hereditary nephritis and deafness is due to
mutations in MYH9, a gene encoding a myosin heavy chain and is
further associated with macrothrombocytes (Epstein syndrome) and
leukocyte inclusions (Fechtner syndrome).

Histology

o Light microscopic changes are only seen in advanced stages of AS. The
characteristic changes are seen on electron microscopy—thickening of
the capillary wall and lamellation of the basement membrane (‘basket
weave pattern’) in AS and only thinning if the basement membrane
in TBMN. However, there is no clear distinction between these two
entities.

o The diagnostic role of the biopsy is increasingly being replaced by
genetic testing.

Clinical features
o A child presenting with haematuria, particularly if intermittent

macroscopic and persistent microscopic, should be assessed for

symptoms associated with AS, particular if there is a family history:

* sensorineural deafness (with COL4A mutations);

* eye abnormalities (with COL4A mutations): anterior lenticonus,

dot-fleck retinopathy, recurrent corneal erosions;
* leiomyomatosis (appears to be restricted to individuals carrying an
X-chromosomal deletion involving COL4A5 and COL4A6);
« giant platelets and leukocyte inclusions (with MYH9 mutations).

© 100% of males and approximately 95% of female carriers of COL4A5
mutations have microscopic haematuria, often with intermittent gross
haematuria.
Proteinuria in AS is a later feature, typically occurring in late childhood.
CKD 5 occurs in virtually all males with X-linked AS, typically between
20 and 60 years of age.
There is emerging clinical data suggesting that angiotensin-converting
enzyme inhibitor (ACEIl) may delay the progression of CKD in AS, even
before the onset of proteinuria.
TBMN has an excellent prognosis, but patients should be monitored
every 1-2 years for proteinuria and hypertension because of the
overlap with AS, unless there is a clear family history of benign
haematuria.
Transplantation in AS can be complicated by anti-glomerular basement
membrane (GBM) disease, caused by antibodies against type 4 collagen,
typically the a3 chain. This causes a crescentic nephritis, which is
associated with a very high incidence of graft loss. Prognosis is very
poor for recurrence after a second transplant.
Live donors from the family must have AS excluded. Female carriers
of a COL4A5 mutation (e.g. the mother of a patient) should be
discouraged from donation if they have any symptoms.
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Acute nephritis

Definition

Acute glomerular injury with:

o Acute kidney injury (AKI) (oliguria, uraemia, elevated creatinine).

o Hypertension (salt and water retention).

o Haematuria (microscopic or macroscopic) with red cell casts on
microscopy.

o Peripheral and/or pulmonary oedema.

o Proteinuria, which can reach nephrotic range (>200mg/mmol;
‘nephritic-nephrotic syndrome’).

Causes in children

o Post-infectious: usually post-Streptococcal, accounting for
approximately 80% of cases.

o Other post-infectious causes include:

* bacteria: Staphylococcus aureus, Streptococcus pneumoniae,
Mycoplasma pneumoniae, Escherichia coli, Yersinia, Campylobacter,
Salmonella, Syphilis, TB;
viruses: Epstein—Barr virus (EBV), cytomegalovirus (CMV), herpes
simplex virus (HSV), varicella zoster virus (VZV), parvovirus B19,
hepatitis B and C;

Rickettsiae: Rocky Mountain spotted fever, Q fever (Coxiella

burnetii), Legionella pneumophila;

fungi: Candida, Aspergillus, histoplasmosis, cryptocococcus,

Pneumocystis carinii, Nocardia;

* parasites: malaria, schistosomiasis, leishmaniasis, trypanosomiasis,
filariasis, trichinosis, echinococcus, toxoplasmosis.

Henoch-Schonlein purpura (HSP).

IgA nephropathy (IgAN).

Systemic lupus erythematous (SLE).

AS.

Membranoproliferative glomerulonephritis (MPGN, primary

types 1, 2, and 3; secondary types have many causes, see LL

‘Membranoproliferative (mesangiocapillary) glomerulonephritis

(MPGNY)’, p.218).

Anti-neutrophil cytoplasmic antibody (ANCA) associated vasculitides

(Wegener's granulomatosis, microscopic polyangiitis, Churg—Strauss

syndrome, renal limited vasculitis).

o Ventriculo-atrial shunt nephritis.

o Haemolytic uraemic syndrome.

o Thrombotic thrombocytopenic purpura.

Post-Streptococcal glomerulonephritis

This is the commonest cause of acute GN:

o May follow 1-2 weeks after infection of the throat or up to 6 weeks
after infection of the skin (typically in the child with eczema) with
group A 3 haemolytic Streptococcus.

o Presentation is with haematuria (urine tea or coca cola coloured),
proteinuria, oliguria, hypertension, and oedema.

o Antistreptolysin O titre (ASOT) is raised in the majority of pharyngeal
infections, but may not be post-skin infection. It may be positive in up
to 20% of healthy children.
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The streptozyme assay detects antibodies to other Streptococcal
antigens (e.g. DNAse B), improving the chance of detecting infection.
C3 is low and deposits can be seen in the glomeruli as ‘humps’ in
the subepithelium (see [l ‘Renal histology’, p.23). This leads to an
inflammatory infiltrate (‘exudative’ GN).

C4 is usually normal (unlike MPGN, SLE, endocarditis, shunt nephritis).
C3 returns to normal by 6-8 weeks so if a low level persists, consider
MPGN or SLE.

Treatment with penicillin is necessary to prevent spread to contacts,
but will not help the nephritis.

Hypertension may respond to furosemide as it is principally due to
fluid overload.

Severity and duration of nephritis is variable, but mostly resolves within
2-3 weeks.

Renal biopsy is indicated in the acute phase if there is nephrotic
syndrome and a rapidly rising creatinine, which is suggestive of a rapidly
progressive (crescentic) glomerulonephritis (RPGN—see Fig. 11.2).
Renal biopsy, for prognosis and to ensure that the diagnosis is correct,
is indicated with:

 abnormal creatinine at 6 weeks;

¢ low C3 >3 months;

* proteinuria >6 months.

Microscopic haematuria alone may persist for 1-2 years and is of no
long-term relevance.

Immunosuppression is only to be considered if there is crescentic
nephritis on biopsy, although its use is controversial. There are
well-documented descriptions of patients with very significant
crescentic changes who have been treated conservatively (without
corticosteroids) with good renal outcome; there are also reports of
patients who have been given pulsed IV methylprednisolone in this
situation.

Based on the overall excellent prognosis of children with post-
infectious GN (less than 1% will develop CKD), the vast majority
will be treated with supportive care, and antibiotics to eradicate the
offending organism where appropriate. Occasionally, where there is
RPGN and severe crescentic change, steroids may have a role, but such
cases should be considered individually.

Causes of hypocomplementaemic nephritis

Post-infectious GN.

SLE.

Shunt nephritis:

 nephritis due to infection of vascular access and ventriculo-atrial
shunts and infective endocarditis;

commonest bacterium is Staphylococcus;

may all present with fever, arthralgia, hepatosplenomegaly, lethargy;
C3 and C4 are usually low;

treat with antibiotics and removal of the infected shunt or line.
Other immune complex mediated nephritis, e.g. hepatitis B, C.
primary and secondary MPGN.
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Investigation of acute nephritis

Generic investigations for all patients

o Full blood count (FBC), blood film, erythrocyte sedimentation
rate (ESR).

o C-reactive protein.

o Blood culture.

o Urea & electrolytes (U&Es), creatinine, albumin, bicarbonate, liver
function tests (LFTs), calcium, phosphate, glucose.

o ASOT, anti-DNase B.

o Urine culture, microscopy for casts, Ua:Ucr.

o Throat swab.

o C3/C4, antinuclear antibodies (ANA), double-stranded DNA
(ds-DNA), ANCA.

o Renal US.

Specific tests for certain patients

o Blood film if suspect haemolytic uraemic syndrome (HUS).

o Direct Coomb’s test and T-antigen (if available) if suspect

pneumococcal HUS.

Stool culture and Escherichia coli 0157:H7 serology if suspect diarrhoea

positive HUS.

Blood cultures if suspect sepsis.

Chest X-ray (CXR) if suspect pulmonary oedema or sepsis.

C3 nephritic factor (C3NeF) if C3 low and MPGN suspected.

Immunoglobins (particularly IgA), if post-infectious causes excluded and

IgA nephropathy could be a cause (see [l ‘Ig A nephropathy’, p.190).

o Anti-GBM antibodies if haemoptysis and Goodpasture’s syndrome (GS)
suspected:

GS is one of the ‘pulmonary-renal syndromes’ characterized by

pulmonary haemorrhage (usually alveolar haemorrhage) and

crescentic nephritis; other causes of pulmonary-renal syndromes

include: SLE, Wegener’s granulomatosis, microscopic polyangiitis,

and HSP;

GS is an autoimmune immune complex mediated disease—GN

and pulmonary haemorrhage occur with little or no involvement of

other systems;

the presence of anti-GBM antibodies in peripheral blood confirms

the diagnosis;

treatment comprises early corticosteroids, cyclophosphamide, and

plasmapheresis;

the prognosis appears to be good if treatment is started early,

although published data relating to long-term outcomes in children

are lacking;

anti-GBM antibodies can also form following renal transplantation

for Alport’s syndrome, and are a cause of graft loss in this

context (see L ‘Alport syndrome and thin basement membrane

nephropathy’, p.184).
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Indications for renal biopsy

o RPGN: defined as glomerular disease (proteinuria, haematuria, and
red cell casts) accompanied by rapid loss of renal function with rising
creatinine over days to weeks.

C3 depressed for longer than 3 months since in post-infectious stage
the C3 will have returned to normal by then.

Nephrotic range proteinuria (spot Ua:Ucr of >200mg/mmol).
Immunology suggestive of cause other than post-infectious, e.g. SLE,
ANCA-associated vasculitis.

Family history of glomerular disease.

Age under 4 years and consider if older than 15 years.

Recurrent nephritis.

Moderate proteinuria persisting >6 months.

Microscopic haematuria persisting >12 months (optional).
Extra-renal symptoms.

® & 0 0 0 o

Management

See also L Chapter 17, p.377.

The management outlined here concentrates on the emergency renal
management of the child with acute nephritic syndrome, but does not
describe the detailed management of the individual and varied causes of
nephritis. The reader is referred to the individual chapters for these entities.
o As discussed (LH ‘Indications for renal biopsy’, p.189), the indication

for immunosuppression in management of post-infectious GN is

controversial, and usually not warranted.

o Since the prognosis of children with post-infectious GN is usually
excellent (less than 1% will develop CKD) the vast majority will be
treated with supportive care and antibiotics to eradicate the offending
organism where appropriate. In rare case, where there is RPGN and
severe crescentic change, steroids may have a role, but such cases
should be considered individually.

General management

o Assess fluid balance: is the patient oliguric because of pre-renal failure
or established renal failure?

o Fluid restriction: insensible fluid losses (200—400mL/m2/24h; or

20-40mL/kg/24h) plus previous hour’s urine output, plus any additional

losses (vomitus, diarrhoea). Usually given as 0.45% saline/2.5%

dextrose; 0.45% saline/5-10% dextrose in infants.

Consider diuretic challenge if severe fluid overload: furosemide 2-5mg/kg

IV by slow (10min for bigger doses) infusion/injection, usually give 2mg/

kg first then if no response after 1-2h give 4mg/kg. Provide calories

(reduces catabolism and improves acidosis and hyperkalaemia)—this

can be achieved in acutely unwell children by giving enteral Maxijul®

(10-20%) via nasogastric tube.

o For management of acute kidney injury see ELJ Chapter 17, p.377.
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IgA nephropathy

Background

o Male preponderance, mainly presenting in second and third decades.

o Adult studies show differing geographical incidences. IgAN accounts
for 18—40% of all GN in Japan, France, Italy and Australia, but only
2-10 % of GN in the UK and USA. This is likely due to a combination
of environmental and genetic factors, and to differing rates of pickup
related to screening for haematuria in different countries.

o Familial in around 10% of cases.

Actiology

o IgAis produced in two forms, IgA1 and IgA2, and is secreted from
mucosal surfaces, with very little reaching the systemic circulation.

o Increased levels of circulating IgA immune complexes have been
documented in some patients but do not correlate with disease
activity.

o It has been proposed that there is a defect in glycosylation of the IgA1
hinge region leading to mesangial deposition.

Clinical and laboratory findings

Five main presentations:

o Macroscopic haematuria.

o Asymptomatic microscopic haematuria with or without proteinuria.

o Acute nephritis (haematuria, proteinuria, renal insufficiency,
hypertension).

o Nephrotic syndrome (<10%).

o Mixed nephritic/nephrotic state.

The commonest mode of presentation is macroscopic haematuria fol-
lowing an upper respiratory tract infection. The time interval between
infection and haematuria is 1-2 days, in contrast to post-infectious GN

where the time interval is typically 10-14 days post-pharyngitis or 3—6

weeks following skin infection.

o Diagnosis can only be made by renal biopsy—deposits of IgA are found
in the glomerular mesangium. C3 is also usually present and IgG and
IgM are seen in approximately 50% of biopsies.

o <20% of children will have elevated serum IgA.

o Serum complement levels are normal.

Up to 20% of pediatric patients progress eventually to CKD 5, but the

rate of progression is usually very slow. Features associated with CKD

progression are:

o Proteinuria.

o Hypertension.

o Decreased glomerular filtration rate (GFR) at biopsy.

o Biopsy findings of glomerulosclerosis, fibrous crescents, tubular
atrophy and interstitial fibrosis.
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Treatment
Depends on the severity of the disease and its likelihood of progression.
o Microscopic haematuria and/or recurrent macroscopic haematuria: are
not of clinical significance. Tonsillectomy has been recommended
by some investigators. Some reports suggest that vitamin E may be
effective.
o Proteinuria: Patients may benefit from ACEls or angiotensin receptor
blockers (ARBs).
Children with adverse risk factors: first line of treatment is for
hypertension and proteinuria. Inmunosuppressive regimens have
been used, including steroids, azathioprine, cyclophosphamide,
mycophenylate mofenil (MMF) and mizoribine. Although some studies
suggest a benefit, there is no conclusive evidence, so most would
recommend starting with anti-hypertensives and anti-proteinurics,
moving on to immunosuppression if there is no benefit.
Example IV methylprednisolone 600mg/m?/day for 3 consecutive days
at the beginning of months 1, 3, and 5, plus oral prednisone 0.5mg/kg
on alternate days for 6 months.
Crescentic nephritis: see LI ‘The standard treatment of childhood
vasculitis’, p.282.

Omega 3 fatty acids may be of benefit. Available preparations are:

o Omacor®, 1 capsule (1g) contains 460mg eicosapentaenoic acid (EPA)
and 380mg docosahexaenoic acid (DHA).

o Maxepa® 1 capsule (1g) and liquid (1.1mL) contains 170mg EPA and
115mg DHA.

®

Omacor® is more highly processed to minimize contamination with heavy
metals, and contains no vitamin A or D. It should thus be the preferred
treatment option. Children unable to swallow the capsules can be given

the liquid preparation of Maxepa®.

Doses
® 920mg EPA and 760mg DHA bd for children >50kg.
o 460mg EPA and 380mg DHA bd for children <50kg.

In practice children may not adhere to therapy with fish oil; side effects

include halitosis.

Further reading
Hogg R (2010). Idiopathic immunoglobulin A nephropathy in children and adolescents. Pediatr
Nephrol 25: 823-9.
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Nephrotic syndromes: definitions

o Nephrotic syndrome: triad of heavy proteinuria (protein/creatinine ratio
>200mg/mmol), hypoalbuminaemia (<25g/L) and generalized oedema.
o Congenital nephrotic syndrome (CNS): presentation of nephrotic
syndrome during the first 3 months of life (often present before or at
birth).
Infantile nephrotic syndrome: presentation of nephrotic syndrome
between 3 and 12 months of age.
Idiopathic nephrotic syndrome: nephrotic syndrome in the absence of
other glomerular pathology mediated by systemic disease (e.g. SLE),
structural glomerular changes (e.g. Alport syndrome), vasculitis,
immune complex deposition (eé. post-infectious GN).
o Urinary remission: urine Albustix® negative or trace for three
consecutive days.
Relapse: urine Albustix® ++ or more for three consecutive days.
Frequently relapsing nephrotic syndrome: children who relapse two or
more times in the first 6 months after presentation or four or more
times within any 12-month period.
Steroid-dependent nephrotic syndrome: children who relapse whilst on
steroid therapy or within 14 days of discontinuation of steroid therapy.
These children will almost invariably also have frequently relapsing
nephrotic syndrome, though the additional presence of steroid
dependency marks the presence of a more significant tendency to
relapse.
Steroid-resistant nephrotic syndrome: failure of proteinuria to resolve
following at least 28 days of prednisone at a dose of 60mg/m?/day.
There is some variety in this definition:

* the International Study of Kidney Disease in Children (ISKDC)
defined non-responders as those children who failed to achieve
remission following 8 weeks of the standard ISKDC oral prednisone
regimen (60mg/m? daily for 4 weeks followed by 40mg/m? on
alternate days for 4 weeks);

« other reported definitions include failure to achieve remission
following 4 weeks of daily oral prednisone at a dose of 60mg/m?
and 4 weeks of daily oral prednisone at a dose of 60mg/m? followed
by three doses of IV methylprednisolone.

The terms minimal change disease/nephrotic syndrome and steroid
sensitive/responsive nephrotic syndrome are often used interchangeably.
This is not strictly correct, as a small proportion of cases of minimal
change disease will not exhibit steroid sensitivity and around 20% of
cases of focal segmental glomerulosclerosis (FSGS) will respond to
steroids.
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Congenital and infantile nephrotic
syndrome

Definitions

o Congenital nephrotic syndrome (CNS): children presenting with nephrotic
syndrome during the first 3 months of life (often present before or at
birth).

o Infantile nephrotic syndrome: refers to those presenting between 3 and
12 months of age.

In contrast to idiopathic nephrotic syndrome presenting in older childhood,
the outcome of CNS is generally poor with the majority developing
CKD 5, although the age at which this develops can be variable. An excep-
tion is when CNS is of infectious aetiology; here proteinuria generally
resolves with the treatment of the causative infection.

Primary causes

o Finnish-type CNS.

o Diffuse mesangial sclerosis.

o Focal segmental glomerulosclerosis.
o Minimal change disease.

o Membranous nephropathy.

Secondary causes
o Infectious:
¢ Congenital CMV;
Hepatitis B and C;
Human immune deficiency virus (HIV);
Congenital syphilis;
Congential toxoplasmosis;
Congenital Rubella;
Malaria.
o Syndrome-associated:
e Denys—Drash syndrome (DDS);
 Nail-patella syndrome;
¢ Lowe syndrome;
* Galloway-Mowatt syndrome;
e Frasier syndrome;
¢ Pierson syndrome (microria and CNS).
o Other:

SLE;

HUS;
Nephroblastoma;
Drug reaction;
Mercury toxicity.

Finnish type congenital nephrotic syndrome

o Commonest form of CNS.
o Inherited in an autosomal recessive manner.
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o Occurs worldwide, although increased incidence in Finland (1 in 8200
births).

o Almost always results in the development of CKD 5.

o Most patients of Finnish origin have mutations in the NPHS1 gene (Finn
major and Finn minor mutations), which encodes the protein nephrin.

o Over 70 different mutations have been detected.

o The disease also occurs, though more rarely, in other races.

o NPHS2 mutations have been reported in addition to NPHS1.

Clinical features

o Raised alpha fetoprotein (AFP) in pregnancy in blood and amniotic fluid
(secondary to proteinuria).

o Low birth weight.

Large placenta (>25% mass of newborn).

Widely spaced fontanelles and cranial sutures.

Postural elbow and knee deformities.

Heavy proteinuria with rapidly developing hypoalbuminaemia and

oedema.

Renal biopsy

o Light microscopy may be normal in early life.

o Cardinal histological feature is tubular dilatation resulting in diffuse
microcystic change (cysts of 0.1-0.5mm).

o Progressive glomerular sclerosis and interstitial fibrosis develop by
6-12 months of age.

Diffuse mesangial sclerosis

o Characteristic histological changes on light microscopy include
thickened GBM and increased mesangial matrix without
hypercellularity. Capillary loops are usually collapsed and dilated
Bowman’s spaces are seen.

o Early onset hypertension and CKD develop.

o May be isolated renal disease or as part of DDS:

* an association of male pseudohermaphroditism, early onset
nephrotic syndrome secondary to diffuse mesangial sclerosis and
mutations in the WT-1 gene, which predispose the child to an
increased risk of Wilms’ tumour and ‘prophylactic’ nephrectomy
should be considered;
all phenotypic females presenting with diffuse mesangial sclerosis
(DMS) should undergo chromosomal analysis to ensure that they
are not male with severe pseudohermaphroditism;

* DMS does not appear to recur post-transplantation;
* DMS has also been associated with mutations in PLCET.

Frasier syndrome

o Characterized by the association of male pseudohermaphroditism
(so as for DDS, chromosomes should be checked in the phenotypic
female) and progressive glomerular disease.

o Proteinuria generally presents between 2 and 6 years of age, although
may occur in infancy.

o There is a slow decline in renal function to CKD 5, which is
unresponsive to therapy.
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o Similar to DDS, Frasier is associated with WT-1 gene mutations,
although the mutations are different and result in normal protein
production; as such the risk of Wilms’ tumour does not appear to be
increased.

o The characteristic renal histological changes are those of FSGS.

e There is a high risk of gonadoblastoma so consideration should be
given to the removal of the abnormal gonads.

Minimal change disease and focal segmental

glomerulosclerosis

o Minimal change disease rarely presents in infancy and may be steroid
responsive as in cases presenting during later childhood.

o Both familial and sporadic forms of idiopathic FSGS may present
during infancy. A number of these cases will be associated with NPHS2
mutations.

Management of Finnish-type congenital nephrotic syndrome
The aim of treatment is to enable growth and development. Various
approaches are possible:

Reduction of urinary protein losses

Nephrectomy:

o The Helsinki group advocate insertion of a peritoneal dialysis (PD)
catheter at around 4 months of age, with bilateral nephrectomies at
around 5 months of age, following confirmation of catheter function.
The ultimate goal is transplantation once the child has reached
approximately 9—10kg.

o Alternatively, perform early unilateral nephrectomy at around
3 months of age in conjunction with medical therapy (see L
‘Angiotensin-converting enzyme and prostaglandin inhibitors’, p.195),
with the second nephrectomy and subsequent transplantation being
performed at 3—4 years of age when the child is significantly larger and
the incidence of early graft loss is reduced.

Angiotensin-converting enzyme and prostaglandin inhibitors

o For example, in ACEI, captopril up to 5mg/kg divided into three doses,
and prostaglandin inhibitors, e.g. indometacin up to 4mg/kg divided into
three doses, will reduce GFR and thus protein loss:

« experience from Helsinki suggests that this strategy is not effective
in children with Finn major mutations who have very heavy
proteinuria;

« there are many reports of the successful use of ACEI/ARBs in other
patients with CNS.

Replacement of albumin

o Regular 20% albumin infusions until bilateral nephrectomy is performed
(around 4g/kg daily initially, although frequency will be reduced as GFR
falls). This is initially divided into 3—4 doses/day, then slowly changed so
that the entire dose is given as a single daily infusion.

o A central venous catheter is usually required to provide long-term
access.

o Albumin requirements are smaller in children who are receiving
medical therapy or who have undergone unilateral nephrectomy.
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Symptom treatment

o Intensive treatment as proposed by the Helsinki group involves

a strong commitment from families and carers—patients are

typically hospitalized for most of their first year of life, have multiple

interventions (central venous line placements, dialysis access,

nephrectomies) and a high risk of infectious complications.

Despite the intensive treatment mortality is high (10-20%).

If the child does not receive a transplant early on, dialysis access

can become a serious problem due to infectious complications and

thrombosis of central veins.

o Some families feel that such intensive treatment is too great a burden

for the child and the family, especially, if there are siblings needing care

and attention.

An alternative for these families is symptomatic treatment—the child

is cared for at home to receive medical treatment with admission to

hospital only for acute illnesses.

o There are no published mortality figures for symptomatic treatment in
nephrotic syndrome, but it is probably much higher than with intensive
treatment.

o o

Transplantation

Transplantation following bilateral nephrectomies remains the definitive

treatment:

o The child needs to be of adequate size to undergo transplantation
(9-10kg).

o The high risk of thrombosis in this condition mandates that the major
abdominal vessels are assessed pre-transplant (ultrasound or magnetic
resonance angiography (MRA)) to ensure patency.

o Following transplantation recurrent nephrotic syndrome may occur in
up to 25% of children with Finnish type CNS:

related to the production of anti-nephrin antibodies following

exposure to normal nephrin in the transplanted kidney;

more common in those with the Finn major NPHS1 mutation;

may respond to treatment with cyclophosphamide +/— plasma

exchange;

* up to 50% graft loss may occur due to recurrence.

Other important factors
o Diuretics, e.g. furosemide to reduce oedema (alone and or in
conjunction with albumin infusions).
If there is neonatal hyperbilirubinaemia the risk of kernicterus is
increased due to the low plasma albumin. More aggressive therapy is
therefore warranted.
Close attention to nutrition and growth—high calorie and high protein
diet (4mg/kg/day).
Children with heavy proteinuria are hypercoagulable and at significant
increased risk of arterial and venous thrombosis:
« prevent by the use of formal anticoagulation with warfarin;
 warfarin must be stopped 4 days before surgery and antithrombin
given;
e aspirin may have a role.

L[]



CONGENITAL AND INFANTILE NEPHROTIC SYNDROME

o Infection is a significant problem in the nephrotic child:

* low threshold for empiric aggressive treatment of suspected
infection;

* the Helsinki group have found that the use of prophylactic
antibiotics and IV immunoglobulin do not reduce the infection risk,
and have abandoned this practice.

o Thyroxine is necessary from birth.
o Administration of childhood vaccines:

* should be completed prior to transplantation;

« efficacy is increased if performed after nephrectomy when the
child is no longer heavily proteinuric, but it is preferable to
progress normally through immunizations (checking for an antibody
response) so that transplantation is not delayed.

Management of other forms of congenital nephrotic

syndrome

® Where nephrotic syndrome has occurred secondary to congenital
infection, then treatment of the specific infection, where possible, leads
to resolution of proteinuria.

o Children presenting with minimal change disease or FSGS in infancy
should be treated with steroids in an identical manner to older
children.

o There are no specific therapies for DMS or the FSGS associated with
Frasier syndrome.

o Children with DDS should undergo bilateral nephrectomy to avoid the
development of Wilms’ tumour, and children with Frasier syndrome
should be considered for bilateral orchidectomy to reduce the risk of
the development of gonadoblastoma.

Transient neonatal nephrosis

o Induced by circulating maternal antibodies that cross the placenta.

o Caused by maternal deficiency of a podocyte antigen, which is present
in the developing fetus.

o A history of transient neonatal nephrosis in successive pregnancies is
suggestive.
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Steroid sensitive nephrotic syndrome:
presenting episode

Introduction

Nephrotic syndrome describes the clinical triad of:

o Heavy proteinuria (protein/creatinine ratio >200mg/mmol).
o Hypoalbuminaemia (<25g/L).

o Generalized oedema.

Around 80% of cases have minimal change disease (MCD) on histological
examination (no abnormality seen at light microscopy (LM) level).

Key points about minimal change disease

Commonest glomerular disorder of childhood.

Median age of presentation 2-3 years.

More common in boys (2:1).

Incidence 2—4/100,000 child population in the UK.

Six times more common in the UK Asian population.

Over 90% will respond to corticosteroid therapy.

Over 70% of those who respond to corticosteroids will subsequently
develop a relapsing course.

80% will enter long-term remission during childhood; the remainder
will continue to have relapses into adulthood, although the frequency
of these tends to decrease and a substantial proportion will enter long-
term remission in early adult life.

Steroid responsiveness is the most important factor in determining
prognosis: where the presenting episode of nephrotic syndrome
responds to steroids and the disease remains steroid sensitive, there
is an extremely low risk of developing CKD. This very rare outcome is
linked to the development of late (secondary) steroid resistance.
Published series report mortality rates of 1-7.2% (sepsis and vascular
thrombosis), though the current rate is thought to be much lower.

o A small number (<1-2%) of cases are familial.

The remaining 20% of cases have a variety of histological diagnoses,
including FSGS and membranoproliferative (mesangiocapillary) glomeru-
lonephritis (MPGN/MCGN). These pathologies tend to present in older
children and the majority of cases do not respond to oral steroid therapy
alone. Their prognosis is correspondingly poorer. The likelihood of an
alternative histological diagnosis increases with increasing age of the child
as illustrated in Fig. 9.1.

Investigations at first presentation

o Urine dipstick analysis (protein, blood).

Early morning Up:Uc or Ua:Uc to quantify proteinuria.

Urine microscopy and culture as there is an increased rate of UTI.
Urinary Na (see LI Chapter 18, ‘Management: fluid and electrolytes’,
p.418), particularly if there are symptoms and signs of intravascular
depletion (hypo- or hypertension, abdominal pain, decreased capillary
refill, increased toe-core temperature gap by >2°C).

Plasma albumin, creatinine, and electrolytes.
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Fig. 9.1 ‘Smoothed’ representation of the distribution of major causes of childhood
nephrotic syndrome by age. Based on pooled data from the ISKDC and patients
investigated at Guy's Hospital, London (n = 566).

Reproduced with permission from Postlethwaite R]. (1994). Clinical Paediatric Nephrology, 2nd edn.
Copyright © Elsevier.

» FBC.

o Complement C3 and C4 levels.

o Varicella zoster serology to determine immune status.

o Hepatitis B and C serology.

o ASOT, anti-DNAase B, and lupus antibody serology (ANA, extractable
nuclear antibodies (ENA), and ds-DNA) in older children, and those with
atypical presenting features (see [l ‘Renal biopsy requirements’, p.199).

Renal biopsy requirements

o As over 90% of children with MCD and an additional 20% of those with
FSGS will respond to steroid therapy; the large majority of children are
given an empirical course of such therapy without a renal biopsy.

o Children with atypical presenting features should be referred for
specialist paediatric nephrology opinion, including, in most cases, a
renal biopsy. These features include:

e Age <12 months or >12 years;

¢ Persistent hypertension or impaired renal function;
¢ Gross haematuria;

* Low plasma C3;

 Hepatitis B or C positive.

Up to 25% of children with MCD may have microscopic haematuria or
transient hypertension (which may be paradoxically related to intravas-
cular volume depletion resulting in peripheral vasoconstriction) at presen-
tation: neither should be a contraindication to empirical steroid therapy,
but hypertension should prompt the clinician to consider intravascular
depletion.
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Management

The large majority of children with a presenting episode of nephrotic
syndrome should be admitted to hospital to ensure adequate monitoring
of their clinical status, and to allow the parents to undergo an education
programme about the disease and its treatment, and the importance and
practicalities of home urine monitoring.

Steroids

°

ISKDC regimen: prednisolone (60mg/m? (maximum dose 80mg) once
daily for 28 days, followed by 40mg/m? (maximum dose 60mg) given on
alternate days for a further 28 days.

Meta-analysis has shown a longer duration of steroid therapy (12 weeks
or more) at first presentation to reduce the subsequent rate of relapse.
Standard regimens in Germany and France incorporate 12 weeks or
more of initial steroid therapy. Some studies have shown that the
reduction in rate of relapse with intensified steroid treatment is only
observed in younger children and is associated with an increased rate
of adverse effects. A UK randomized controlled trial is currently further
investigating these issues SO http://www.bctu.bham.ac.uk/prednos

A response to steroid therapy is indicated by the resolution of
proteinuria, urinary remission being defined as three consecutive days
of zero or trace proteinuria on Albustix®.

Of those children who respond to steroids, approximately 80% will
have entered remission within 14 days using this protocol.

A clinical diagnosis of steroid sensitive nephrotic syndrome is used in
children who enter remission during the first 28 days of therapy and
such steroid sensitivity is associated with a good long-term prognosis in
the very large majority.

Conversely, those who fail to respond to steroid treatment require a
renal biopsy to obtain a histological diagnosis to guide further therapy
and have a poorer long-term prognosis. This is discussed elsewhere
(see L ‘Steroid-resistant nephrotic syndrome’, p.210).

Infection

Children are at increased risk of bacterial infection because of urinary
losses of immunoglobulins and complement components.

Peritonitis, septicaemia, and cellulitis are significant causes of morbidity
and mortality.

Streptococcus pneumoniae and Gram negative organisms are the
commonest infective pathogens. Broad spectrum antibiotics should be
used in suspected infection until the results of bacterial cultures are
available.

Prophylactic penicillin V 12.5mg/kg bd (against Streptococcus
pneumoniae) should be given whilst the child is oedematous and there
should be a low threshold for investigating and adequately treating
infection should this be suspected.


http://www.bctu.bham.ac.uk/prednos

SSNS: PRESENTING EPISODE

Children with no previous exposure to varicella zoster virus (VZV)
should receive Varicella zoster (VZ) immunoglobulin if exposed to
the virus.

If varicella infection occurs, this should be treated aggressively with IV
acyclovir if the child is immunosuppressed at the time.

Children should be immunized against VZV when off
immunosuppressive therapy.

Children with nephrotic syndrome should receive all of the routine
childhood immunizations. Live vaccines should only be administered
when the child is off all immunosuppressive therapy, remembering
that immunosuppression may continue for some time after drug
discontinuation; a period of 3 months following discontinuation of
steroids or ciclosporin and 6 months following discontinuation of
cyclophosphamide is likely to be safe. Children should additionally
receive pneumococcal vaccine and an annual influenza/H1N1 vaccine.

Fluid balance, hypovolaemia, and blood pressure

Children with only mild peripheral oedema do not require fluid
restriction, although where significant oedema is present, mild fluid
restriction (70% of maintenance requirements) will help prevent
further oedema formation. A low salt diet is crucial to control thirst
and minimize oedema.

Where this measure alone is unsuccessful, the subsequent addition of
diuretics (furosemide and spironolactone) will help resolve oedema.
It must be stressed that the child with overt nephrotic syndrome who
is being fluid restricted with or without additional diuretic therapy
should be kept under very close review to ensure that hypovolaemia
(intravascular volume depletion) is avoided.

The oedematous nephrotic child is at significant risk of hypovolaemia.
This increases the risk of pre-renal failure, thrombosis, and other
complications.

Generalized abdominal pain is a common presenting feature of
hypovolaemia. Risk factors for the development of hypovolaemia
include diarrhoea, vomiting, sepsis, and the injudicious use of diuretic
therapy.

The child should undergo regular clinical assessment of peripheral
temperature and capillary refill time, VP, BP, pulse, and weight during
the presenting illness.

Clinical assessment of the intravascular compartment of the oedematous
child is difficult:

Hypovolaemia:

* increased capillary refill time (>3°C core peripheral temperature
gap);

* JVP not raised (may be difficult to see in the oedematous child);

¢ normal BP usually, although the BP may be increased due to the
vasoconstriction.
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o Hypervolaemia:

* normal capillary refill time;

* BP normal or high;

* JVP high.

o Urinary sodium must be interpreted with caution in nephrotic states
as urinary sodium levels may be low (<10mmol/L) in both hypo and
hypervolaemia:

* in hypovolaemia, levels will be low due to avid salt and water

retention by the kidney;

in hypervolaemia, however, levels may be low too. This is because

there is good evidence for primary sodium retention in nephrotic

syndrome due to pathologically filtered proteases, such as plasmin,
activating the sodium channel epithelial sodium channel (ENaC);
moreover, nephrotic syndrome is associated with a deficiency in
certain proteases, such as corin, needed to activate natriuretic
peptides.

o Urinary sodium levels are uninterpretable when loop diuretics,

e.g. furosemide have been administered.

o An elevated haemoglobin level is suggestive of haemoconcentration,
i.e. hypovolaemia.

o Hypovolaemia should be promptly corrected with the use of 10-20ml/kg
of 4.5% albumin solution or another colloid and diuretics should be
stopped or avoided in this setting.

o Crystalloids, such as 0.9% saline should not be used due to the high salt
load resulting in worsening oedema.

o The increased risk of vascular thrombosis in this condition is further
enhanced by hypovolaemia.

® 20% (salt poor) albumin should be used in combination with diuretics
to relieve symptomatic oedema refractory to diuretics and fluid
restriction, particularly where skin is compromised:

* up tolg/kg (up to SmL/kg 20% albumin) should be infused slowly
over 2—4h with furosemide 1-2mg/kg being given IV during the
second half of the infusion;

« there are a number of reports of intravascular volume overload
with the development of pulmonary oedema associated with
such therapy. The dose of albumin should not exceed 1g/kg and
the infusion time should not be shorter than 4h to avoid this
occurring—strict monitoring of vital signs should take place, and
this should be given during routine hours where possible;

« there is no indication to use 20% albumin to correct
hypoalbuminaemia alone.

® Remission is heralded by an increased urine output: this should prompt
relaxation of any fluid restriction and diuretic therapy should be
stopped.

o BP may be temporarily elevated in the acute phase, particularly if
there is clinical hypovolaemia—persistent hypertension is an unusual
feature of MCD and should prompt discussion with a nephrologist as
alternative diagnoses should be considered.
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Diet

o No evidence exists to support any alteration in dietary protein content.

o A no-added salt diet is a sensible measure in view of generalized
oedema (salt and water overload) and the use of steroids.

Hypercoagulability
o Children will become hypercoagulable whilst nephrotic (see L ‘Steroid-
resistant nephrotic syndrome’, p.210 for further details):
* given that the presenting episode is generally short-lived, systemic
anticoagulation is not indicated;
* bed-rest during the presenting episode may increase the risk of
venous thrombosis; this practice has therefore been abandoned.

Information
o Families should be provided with written information about nephrotic
syndrome:

* avariety of written and on-line information is available in a variety
of European and other languages e.g. & http://www.kidney.org.uk
or R http://www.gosh.nhs.uk/gosh_families/information_sheets;

« families need to be taught urinalysis to allow home urine testing and
the early detection of relapses prior to the development of oedema.

o Many centres provide families with a diary in which to enter results of
urine tests and medications given. This should be brought to all clinic
appointments.


http://www.kidney.org.uk
http://www.gosh.nhs.uk/gosh_families/information_sheets

204 cHaprTER 9 Glomerular disease

Steroid sensitive nephrotic syndrome:

relapsing disease

Over 70% of children with steroid sensitive nephrotic syndrome (SSNS)
will develop disease relapses necessitating further courses of immuno-
suppressive therapy and around 50% will develop frequently relapsing or
steroid dependent disease. A suggested outline to the management of
relapsing disease is shown in Fig. 9.2.

Management of initial relapses

o Relapses (three consecutive days of 2+ or more proteinuria on
Albustix®), are generally detected through routine home urinalysis,
allowing the early commencement of treatment at home prior to the
development of generalized oedema with its attendant complications.
[t is not uncommon to have such a degree of proteinuria during an
intercurrent infection, and there may be a case for observing the child
for a little longer prior to commencing steroids provided that there is
no evidence of peripheral oedema.

A recent RCT performed in children receiving alternate day steroid
therapy has shown that changing from alternate day to daily steroid
therapy at the same dose (e.g. 10mg alternate days to 10mg daily)

at the time of a febrile illness significantly reduces the rate of
subsequent relapse. Further similar studies are warranted.

ISKDC relapse regimen: prednisolone 60mg/m? (maximum dose 80mg)
daily until urinary remission (3 days of zero or trace proteinuria),
followed by 40mg/m? (maximum dose 60mg) on alternate days for

14 doses over a 28-day period.

Intensification of the relapse regimen has not been shown to be of
long-term clinical benefit.

Infrequently relapsing disease

o Children experiencing less than three relapses per year can be
managed with repeated courses of the ISKDC relapse regimen, see L1
‘Management of initial relapses’, p.204.

o Should side-effects of steroids develop, then alternative therapy should
be considered.

Management of frequently relapsing and steroid-dependent
SSNS

See [J ‘Nephrotic syndromes: definitions’, p.192).

o At least 50% of patients will follow a frequently relapsing nephrotic
syndrome (FRNS) or steroid-dependent nephrotic syndrome (SDNS)
course.

o More than two relapses in the first 6 months after initial steroid
response predicts for high risk of FRNS or SDNS.

o These patients should generally be managed by or in consultation with
a paediatric nephrologist.

o See Fig. 9.2 for treatment algorithm.
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Relapse
Prednisolone 60mg/m?/24h (maximum 80mg/kg/24h) until remission followed by
prednisolone 40mg/m?/48h for 28 days
4
Frequent relapses
Following treatment of relapse, commence maintenance prednisolone
0.1-0.5mg/kg/48h for 6 months, then taper
4
Relapses on prednisolone
Consider addition of levamisole 2.5mg/kg/alternate days for 6—12 months and/or
the use of a marginally higher alternate daily steroid dose if this is well tolerated.
Thereafter prednisolone can be tapered and levamisole could be continued for
2-3 years.
+
Iprednisol or prednisol alone at >0.5mglkg/48h
or the presence of steroid side effects
Cyclophosphamide 3mg/kg/day for 8 weeks
12

on lev

p

Post-cyclophosphamide relapses
As 1 and 2 above
{
Relapse on prednisolone >0.5mglkglalternate day
Ciclosporin 6émg/kg/day in two doses for 1-3 years +/— alternate day steroids
12
Relapse on ciclospsorin +/- alternate day prednisolone

Individual treatment
Options include the use of a higher alternate day prednisolone dose in conjunction
with ciclosporin, a second course of cyclophosphamide or a course of chlorambucil
or the use of tacrolimus, mycophenolate mofetil, or rituximab.

Fig. 9.2 Treatment of relapsing SSNS.

Notes on drug therapy
Long-term low dose maintenance steroid therapy
o The side-effects of steroids are reduced by the use of the drugin a
single alternate daily morning dose at a level that prevents disease
relapse.
Prednisolone dose is gradually tapered, aiming for an initial dose in the
range 0.1-0.5mg/kg on alternate days.
After around 6 months of therapy the dose should be tapered so that
the smallest dose possible that maintains remission is used.
Those with steroid dependency generally require higher maintenance
doses that those with frequently relapsing disease.
o Where relapses occur, the subsequent maintenance dose should be
targeted just above the dose at which relapse occurred.
o Close monitoring for the well-known adverse effects of steroids is
mandatory:
* posterior subcapsular cataract occurs in 10-38% of children;
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* normal growth has been reported in pre-pubertal children on long
term alternate day steroids, though appears to fall off after 10 years
of age, particularly in boys, in whom there is also some evidence of
pubertal delay;

* bone mineral density may be reduced by prolonged steroid therapy.
If the child cannot be maintained in stable remission on an acceptably
low dose of alternate day steroids, particularly where steroid
side-effects have developed, the use of alternative agents should
be considered.

Levamisole

o Immunomodulatory properties not completely understood—appears
to stimulate T-cell function.

o Dose 2.5mg/kg on alternate days. This allows the tapering and possible

discontinuation of concomitant alternate-day steroids.

Efficacy of levamisole is dependent upon its continuous administration.

If remission can be successfully maintained, levamisole is typically

continued for a period of up to 2-3 years, though many children have

safely received in excess of 5 years of treatment.

Very low incidence of adverse-effects: neutropenia (reversible upon

drug discontinuation), gastrointestinal upset and rash.

Blood count should be performed regularly (6—8 weekly initially then

up to 4 monthly after 6 months) and if neutropenia develops, drug

should be discontinued.

Alkylating agents: cyclophosphamide and chlorambucil

o The alkylating agents bind to purine bases and impair normal DNA

transcription.

Cyclophosphamide is the most widely used agent, though chlorambucil

may also be used.

Both agents have been shown to induce a period of steroid-free

remission, 2-year relapse free rates following cyclophosphamide

therapy being approximately 70% in FRNS and 25% in SDNS.

Cyclophosphamide dose is 3mg/kg for a total of 8 weeks (total dose

168mg/kg).

No benefit has been shown by prolongation of this course to 12 weeks

and shorter courses have been shown to be less efficacious.

Chlorambucil dose 0.2mg/kg daily for 8 weeks.

Prednisolone 40mg/m? for the first 4 weeks of therapy, then 20mg/m?

for the second 4 weeks with subsequent taper so that steroids

are discontinued shortly after completion of cyclophosphamide/

chlorambucil.

o Short-term adverse effects and their incidence (where available) are
shown in Table 9.3.

o Blood count should be performed weekly throughout therapy and if

neutropenia develops, the dose should be halved (neutrophil count

1.0-1.5 x 10%/L) or discontinued (<1x10%L): cyclophosphamide

or chlorambucil can be recommenced at a lower dose once the

neutrophil count recovers, with prolongation of the course so

that a total dose of 168mg/kg (cyclophosphamide) or 11.2mg/kg

(chlorambucil) is administered.

Prompt medical advice should be sought if febrile illness develops.
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Table 9.3 Short-term adverse effects of cyclophosphamide and their
incidence

Short-term adverse effects Infection 1% (0.1-3.5%)

Incidence and 95% CI

Myelosuppression leucopenia (<5000/mm3) 32%
(26-39%)

leucopenia necessitating drug cessation 9% thrombocytopenia 2% (0.4-5.7%)

(6-15%)

Nausea (ondansetron responsive) and Temporary alopecia 14% (9-19%)

gastrointestinal upset

Haemorrhagic cystitis 4% (1.5-7.5%).

Data from Hodson EM, Willis NS, and Craig JC. (2008). Non-corticosteroid treatment for
nephrotic syndrome in children. Cochrane Database System. Rev. Issue 1.
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Fig. 9.3 Relationship between cumulative dose of cyclophosphamide and sperm
count in adult life.

Vertical dotted line indicates total dose administered during an eight week course of
cyclophosphamide at 3mg/kg/day. Modified from Latta k, von Schnakenburg C, Ehrich JH (2001).
A meta-analysis of cytotoxic treatment for frequently relapsing nephrotic syndrome in children.
Pediatr. Nephrol. 16: 271-82. With kind permission from Springer Science + Business Media.
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o Longer-term adverse-effects:

risk of azoospermia with multiple courses of therapy, though a
single 8-week course is not thought to have a significant effect.

Fig. 9.3 shows the relationship between the cumulative dose of
cyclophosphamide received and the sperm count;

the ovary is more resistant than the testis to effects of these drugs;
the theoretical risk of malignancy remains unproven.

Up to three courses of therapy may be administered during childhood,
although if the drug has not worked the first time it is unlikely to work
during a second course. Long-term adverse effect risk increases with
the cumulative dose administered.

Ciclosporin

o Modifies T-cell function, inhibiting IL-2 production by activated T-cells.
o Response to ciclosporin depends upon its continuous administration,
with a high rate of relapse occurring upon its discontinuation.

Often used after a previous course of cyclophosphamide, although it
may be used earlier in preference to cyclophosphamide, for example,
in peri-pubertal boys possibly at increased risk of cyclophosphamide-
related gonadal toxicity.

Dose 6mg/kg/day divided into two doses.

Whilst monitoring of trough ciclosporin levels is recommended to
ensure compliance and to avoid toxicity, there is no evidence to
support any specific target range. Most centres will aim for trough
blood levels of 50-125micrograms/L, but successful management with
lower doses or once daily dosing has been reported. Thus, if remission
is stably maintained on ciclosporin, dosage may be tapered to minimize
adverse effects.

Alternate-day steroid therapy may be tapered or discontinued.
Short-term adverse-effects with incidence and 95% Cl where available
are shown in Table 9.4.

Table 9.4 Short-term adverse-effects of ciclosporin and their incidence

Short-term adverse-effects Incidence and 95% CI
Hypertrichosis 34% (22-48%)

Gingival overgrowth (improved by better dental 28% (33-60%)

hygiene +/— azithromycin)

Hypertension 4% (0.4-12%)

Tremor

Rise in plasma creatinine mediated by glomerular 9% (3-20%)
vasoconstriction”

*Where this occurs the dose of ciclosporin should be reduced.

Longer-term adverse effects:
o Chronic ciclosporin-induced nephrotoxicity:
¢ check for microalbuminuria (Ua:Ucr) on an early morning urine at
each clinic visit;
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« itis widely accepted practice to perform a renal biopsy after 18-24
months of therapy or if there is microalbuminuria;

« ciclosporin may be continued beyond two years in those patients
with no histological evidence of chronic nephrotoxicity, though an
annual biopsy is recommended.

Other agents

o Tacrolimus has a similar mode of action to ciclosporin and there are

an increasing number of reports of efficacy in patients who relapse

on ciclosporin therapy. Dose 0.2—-0.3mg/kg/day in two doses. Target

levels are unknown but most will aim for 5-8micrograms/L. Two small

case series have reported that tacrolimus is probably as effective as
ciclosporin.

Mycophenolate mofetil (MMF) has similarly been shown to be

efficacious. Dose 600—1200mg/m2/day divided into two doses. Blood

count monitoring is mandatory as with renal transplant patients:

* the initial open label study of MMF in SSNS reported 24 of 32
patients (predominantly SSNS without SDNS) remained in
remission during the 6-month study period;
one single RCT compared this agent with ciclosporin. Only 24
patients were recruited so no significant difference in the rate of
relapse was detected, however, there was a tendency for more
MMF treated patients to relapse.

o The successful use of mizoribine, an imidazole nucleotide originally
isolated from Eupenicillium brefeldianum has been reported in Japanese
patients. Whilst the published data suggests that this agent may hold
promise, it is not available in the large majority of Western nations.

o Rituximab:

« the use of this chimeric anti-CD20 monoclonal antibody has risen
significantly in recent years (there are many single case reports and
small series of the use of this agent in SDNS);

a dose of 375mg/m2 has been used, though the number of doses

required (1-4) remains uncertain (French registry data suggest that

one or two doses are probably as effective as four);

fatal pulmonary interstitial fibrosis has been reported, as has

progressive multifocal leucoencephalopathy in patients with lupus;

* there are no data regarding the long-term safety of this agent in

children with renal disease;

appropriately powered randomized controlled trials of the use of

agent are urgently required; a small number are currently ongoing in

the UK and elsewhere.

Secondary steroid resistance

o Up to 4.5% of SSNS patients will develop a steroid-resistant pattern of
illness in a subsequent relapse.

o The majority will regain corticosteroid responsiveness following further

immunosuppressive therapy.

o A small percentage will remain corticosteroid resistant and develop
progressive CKD leading to dialysis and transplantation. These children
almost invariably have FSGS on histological examination.
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Steroid-resistant nephrotic syndrome

Primary steroid-resistant nephrotic syndrome

Introduction

o Definition: failure of proteinuria to resolve following at least 28 days of
prednisolone at a dose of 60mg/m?/day.

o There is some heterogeneity in this definition; the ISKDC defined non-
responders as those children who failed to achieve remission following
8 weeks of the standard ISKDC oral prednisone regimen (60mg/m?
daily for 4 weeks followed by 40mg/m? on alternate days for 4 weeks).
Other reported definitions include failure to achieve remission
following 4 weeks of daily oral prednisone at a dose of 60mg/m? and
4 weeks of daily oral prednisone at a dose of 60mg/m? followed by
three doses of IV methylprednisolone.

o Renal biopsy is mandatory, as histology may alter the treatment
options—rarer causes of nephrotic syndrome require a very different
approach to therapy.

o Genetic analysis should also be mandatory, as the results may influence
the intensity of subsequent treatment. Identification of an underlying
genetic cause may obviate the need for renal biopsy, for instance
in other affected family members. Furthermore, identification of
mutations allows appropriate genetic counselling to take place.

Differential diagnosis

FSGS.

Minimal change disease (MCD).

Diffuse mesangial proliferation.

Membranoproliferative (mesangiocapillary) GN (see [ p.218).
Membranous nephropathy (see [ p.222).

Causes of congenital and infantile nephrotic syndrome (see [
‘Congenital and infantile nephrotic syndrome’, p.193): these are strictly
steroid resistant, though therapeutic trials of steroids are very rarely
given.

e o 0 0 0 o

Histology

o The majority of cases of SRNS will have either FSGS, diffuse mesangial
proliferation or MCD on biopsy:

« these different histologies were previously thought to represent

a disease continuum, with highly steroid sensitive MCD at one

end and malignant non-steroid responsive FSGS at the other, with

diffuse mesangial proliferation in the middle, able to resolve or
progress to FSGS;

there is increasing evidence that significant differences exist and

that children with a histological diagnosis of FSGS have a wide

range of diseases which may or may not have a genetic aetiology

(see LI ‘Genetics', p.211).

o Repeat biopsy may show apparent ‘transformation’ from MCD to
FSGS. It is unclear whether such FSGS lesions were missed on the
initial biopsy or have developed with time.

o US data suggest that the incidence of FSGS is rising, particularly in the
African American population.
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Genetics

(See [ ‘Overview of genetics and renal abnormalities in inherited syn-

dromes’, p.336.)

o Mutations in the NPHS2 (podocin) gene are the most commonly
detected genetic mutations in SRNS.

o NPHS2 mutations were first reported in cases of familial SRNS: almost
50 mutations in the NPHS2 gene have now been identified.

o NPHS2 mutations may be responsible for up to 30% of cases of
sporadic SRNS and up to 55% of familial cases, but experience in the
UK suggests a lower incidence (<10% of sporadic cases).

o The identification of NPHS2 mutations in sporadic cases of SRNS may
be important for therapeutic decisions and genetic counselling:

* one study reports no cases of complete remission amongst
29 patients treated with ciclosporin or cyclophosphamide—some
patients may experience partial remission with ciclosporin; other
drugs are probably best avoided due to lack of evidence of efficacy;
« recurrence of nephrotic syndrome post-transplantation in patients
with FSGS associated with NPHS2 mutations is rare.

Outcomes

o The outcome of SRNS that does not subsequently respond to

immunosuppressive therapy is poor, with a high rate of development

of CKD 5.

With MCD histology, steroid resistance at 8 weeks results in CKD 5 in

around 20%; the majority of cases will subsequently develop FSGS on

biopsy.

o Of children with FSGS who failed to respond to steroids, 34%
progressed to CKD 5 during a follow-up of 11 years.

o There appears to be a subset of patients with a malignant form of FSGS
with very rapid progression to CKD 5. The ISKDC data show this
group to progress to CKD 5 within 2-2.5 years in comparison with
the non-malignant group who have a 50% actuarial renal survival at
7-18 years from onset.

Treatment

o The evidence to support most therapies for SRNS is poor and few
large high quality trials have been performed.

o Of those trials that have been performed, none have stratified patients
according to genetic mutation status (e.g. NPHS2); this is important
given the significant influence of the presence of such mutations on
response to therapy.

o Therapy is justified on the grounds that patients with persistent
nephrotic syndrome have a poor prognosis with a high rate of decline
into CKD 5.

o |t should, however, be remembered that continued heavy
immunosuppressive therapy in the persistently non-responsive patient
may place the patient at significant risk of morbidity or mortality and
in these instances abandoning ‘active’ treatment should be considered.
Given the increasing evidence that children with NPHS2 and other
genetic mutations respond poorly to immunosuppressive therapy,
the abandonment of further such therapy should be considered at an
earlier point that in those with no known mutation.
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Immunosuppression

Corticosteroids

o Many recommend the use of IV methylprednisolone (500-1000mg/m?/
dose, maximum dose 1g, daily for 3-5 days) prior to the renal biopsy as
this may induce remission in a small proportion:

» this depends upon the definition used of SRNS (see [J p.210);

* aresponse to such therapy may indicate the presence of steroid
sensitive disease which has been effectively ‘undertreated’ because
of poor absorption of oral prednisolone over the preceding 28 days
or non-compliance;

e itis unclear as to whether responders should be classified as having
steroid sensitive disease, though most will treat them as such;

¢ an ISKDC study showed that the use of a prolonged course of
alternate day steroid therapy (40mg/m? for 12 months) resulted in
complete resolution of proteinuria in 28%.

o The Mendoza regimen consists of [V methylprednisolone (30mg/kg)
given every other day for 2 weeks, weekly for 8 weeks, every other
week for 8 weeks, monthly for 9 months and then every other month
for 6 months in association with oral prednisone and if required
cyclophosphamide or chlorambucil:

« this was reported to induce remission in 21/32 at over 6 years
follow-up with a 5 year rate of CKD 5 of approximately 5%,
compared with 40% in historical controls;

* other studies have been unable to confirm this success rate.

o Some other small uncontrolled series have reported success with the
use of IV methylprednisolone alone.

Ciclosporin

o Meta-analysis of controlled studies comparing ciclosporin with placebo
or no treatment showed that this agent increased the number of
children with SRNS who achieved complete remission (three studies,
49 children—RR7.66, 95% Cl 1.06-55.34). Ciclosporin also significantly
increased the number with complete or partial remission compared
with IV cyclophosphamide (one study, 32 children—RR 3.4, 95%
Cl1.12-10.28).

o Similar findings were observed in an uncontrolled French study, which

showed 27/65 patients to enter complete and 4 partial remission

with 6 months of ciclosporin (target trough levels 100-200ng/mL) in

conjunction with prednisone (30mg/m? daily for 1 month then alternate

days for 5 months):

« at longer-term follow-up 17/27 remained in complete remission and
8/27 had steroid sensitive relapses;

« of the 34 non-responders, 12 had CKD 5 by 12—63 months.

In both the meta-analysis and the French study, no difference was

detected in the response to ciclosporin between patients with MCD

and FSGS.

This evidence probably warrants ciclosporin being favoured as the

agent of first choice in SRNS.
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Alkylating agents

o Meta-analysis of controlled studies of children with SRNS showed no
significant difference in the number of children who achieved complete
remission between oral cyclophosphamide with prednisone versus
prednisone alone (two studies, 91 children—RR 1.06, 95% CI 0.61—
1.87), IV versus oral cyclophosphamide or IV cyclophosphamide versus
oral cyclophosphamide with IV dexamethasone (one study each).

o The Mendoza regimen is described in L ‘Corticosteroids’, p.212.

Mycophenolate mofetil

o A non-randomized Brazilian study has shown the use of 6 months of
MMF to be of benefit in children with SRNS. Of 34 previously treated
with ciclosporin, 21% achieved complete remission and 39% partial
remission and of 18 treated with MMF de novo (no prior ciclosporin),
28% achieved complete remission and 33% partial remission.

o A US National Institutes of Health (NIH) sponsored study comparing
ciclosporin and MMF for the treatment of FSGS is currently ongoing.

Rituximab

o There are many single case reports and small series of the use of this
chimeric anti-CD20 monoclonal antibody in both steroid dependent
NS and SRNS.

o Appears to be less efficacious in SRNS than in steroid dependent NS.

o A dose of 375mg/m? has been used, though the number of doses
required (1-4) remains uncertain.

o Fatal pulmonary interstitial fibrosis has been reported, as has
progressive multifocal leucoencephalopathy in patients with lupus.

o Appropriately powered randomized controlled trials of the use of
agent are urgently required; a small number are currently ongoing.

Other agents
There are reports of SRNS being successfully treated with both tacrolimus,
sirolimus, and vincristine.

Non-immunosuppressive treatment

Antiproteinuric agents

o ACE inhibitors and or ARBs may be used to reduce proteinuria either
alone or in conjunction with immunosuppressive therapy. Whilst these
will not eliminate proteinuria, they may make urinary protein losses
more easily manageable.

o The use of these agents may be associated with deterioration in renal
function, particularly where intravascular volume depletion is present.

Antihypertensive agents

o Therapy is needed where significant hypertension is present.

o ACE inhibitors and ARBs are a logical choice in light of their additional
proteinuria reducing properties.

Diuretics

o May be of benefit in children with symptomatic oedema. Furosemide is
most commonly used, often in combination with spironolactone.

o Need to be used with caution, as contraction of intravascular volume
may already be present, and diuretic therapy may worsen this.

o Plasma electrolytes require regular monitoring.
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Anti-infection strategies
o Persistently nephrotic children are at increased risk of infection,
predominantly from Streptococcus pneumoniae peritionitis and
septicaemia.
Despite the importance of Streptococcus pneumoniae, many infections
are caused by other Gram positive and negative organisms and
broad-spectrum antibiotic therapy should be used until culture results
become available.
Classical signs of infection may be masked in the immunosuppressed
child and there should be a low threshold for treating suspected
infection.
Whilst there is no evidence to support such an approach, prophylactic
penicillin V (12.5mg/kg bd) should be given to children, whilst nephrotic
in conjunction with immunization with Pneumovax I1®.
Varicella is a major threat to nephrotic children and their varicella
immunity status should be known:
« seronegative children should be immunized when off
immunosuppressive therapy;
* Varicella zoster immune globulin (VZIG) or possibly aciclovir should
be given following proven exposure in the non-immune child;
» where Varicella develops, this should be treated with high dose
intravenous aciclovir (see £ ‘Urinary tract infection post-
transplantation’, p.547).

Hyperlipidaemia

o Children with persistent heavy proteinuria may develop significant
dyslipidaemia including hypercholesterolaemia.

o There are no data regarding long-term cardiovascular outcomes in
this group, although most authorities would recommend dietary
modification and possibly the use of a statin where cholesterol levels
are very high.

Thrombosis

o The nephrotic state confers an increased risk of both arterial and
venous thrombosis.

o Proven episodes should be treated with formal anticoagulation with

heparin or thrombolytic therapy where thrombosis is extensive

or involves major organ systems (bilateral renal vein/IVC, massive

pulmonary embolism, etc.). This should be followed by 3—6 months

of warfarin therapy.

To prevent the development of thrombosis, hypovolaemia should be

avoided.

There is no consensus about the use of prophylactic low molecular

weight (LMW) heparin or anti-platelet agents such as aspirin or

dipyridamole in persistently nephrotic children, although there may

be a reasonable case for their use in those with a prior history of

thrombotic complications.
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Nutrition

o The urinary albumin losses and poor appetite seen in SRNS may result
in the development of malnutrition.

o Expert paediatric renal dietetic advice is required to ensure adequate
intake of protein, carbohydrate and essential vitamins. Enteral feeding
may prove necessary in some. Sodium is a major driver of oedema
formation and should be restricted in nephrotic children.

Hypovolaemia

o This is a common complication of the nephrotic state.

o Generalized abdominal pain is a common presenting feature of
hypovolaemia.

Clinical assessment of the intravascular compartment of the oedematous

child is difficult:

o Hypovolaemia:

* increased capillary refill time (>3°C core peripheral temperature
gap);

* JVP not raised (may be difficult to see in the oedematous child);

* normal BP usually, although the BP may be increased due to the
vasoconstriction.

o Hypervolaemia:

* normal capillary refill time;
¢ BP normal or high;
* VP high.

o Urinary sodium must be interpreted with caution in nephrotic states
as urinary sodium levels may be low (<10mmol/L) in both hypo and
hypervolaemia:

* in hypovolaemia, levels will be low due to avid salt and water
retention by the kidney;

in hypervolaemia, however, levels may be low too;

there is good evidence for primary Na retention in nephrotic

syndrome due to pathologically filtered proteases, such as plasmin,

activating the sodium channel ENaC;
* nephrotic syndrome is associated with a deficiency in certain
proteases, such as corin, needed to activate natriuretic peptides;
« urinary sodium levels are uninterpretable when loop diuretics,
e.g. furosemide have been administered;
* an elevated haemoglobin level is suggestive of haemoconcentration,
i.e. hypovolaemia.

o Hypovolaemia should be aggressively treated to avoid the development

of AKl and thrombosis.

Thyroid function

o Children may need thyroxine as levels may be low due to losses of
thyroid-binding globulin in the urine.

Secondary steroid resistant nephrotic syndrome

o This refers to the development of steroid resistance in a child with
previously steroid sensitive disease.

o May develop in up to 5% of patients with previous SSNS.

215
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Biopsy has been recommended prior to the commencement of further
immunosuppressive therapy (generally with alkylating agents), however
there is some evidence that previously steroid sensitive patients are likely
to respond to further treatment, regaining their steroid sensitivity and that
biopsy should be reserved for those who remain unresponsive. Where there
is unresponsiveness, this is very often associated with the development
of FSGS on renal biopsy.

Further reading

Hodson EM, Willis NS, Craig JC. (2010). Interventions for idiopathic steroid-resistant nephrotic
syndrome in children. Cochrane Database System Rev, Issue 11.

Ruf RG, Lichtenberger A, Karle SM, et al. (2004). Patients with mutations in NPHS2 (podocin)
do not respond to standard steroid treatment of nephrotic syndrome. | Am Soc Nephrol 15:
722-32.
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Membranoproliferative
(mesangiocapillary)
glomerulonephritis (MPGN)

Introduction

o Appears to be decreasing in incidence in developed nations.

o Rare; predominantly a disease of older children and young adults.

o Most presentations during childhood are in the second decade of life.

o d'and Q equally affected.

o Type 1 MPGN is the most common form and accounts for 1.5% of
children with CKD 5 in the US.

o Cause of 5% of childhood nephrotic syndrome.

Presentation

o Haematuria (macroscopic or microscopic) and proteinuria (moderate
to nephrotic proportion).

o Hypertension.

o Impairment of renal function.

© Anaemia.

o Diagnosis may be made in a child previously thought on clinical
grounds to have acute nephritic syndrome secondary to post infectious
glomerulonephritis where the clinical situation fails to improve and the
C3 fails to rise after 6-8 weeks.

o Japanese children undergo screening for haematuria resulting in a larger
number of mild cases (e.g. children with isolated haematuria) being
detected.

o Type Il MPGN may be associated with partial lipodystrophy (loss
of fat tissue, particularly affecting the face and upper body). Partial
lipodystrophy generally precedes the development of MPGN.

Diagnosis
o Histological.

Classification
Primary membranoproliferative glomerulonephritis (MPGN)

o Majority of cases.
o Aetiology uncertain.

Secondary membranoproliferative glomerulonephritis
o Streptococcal and Staphylococcal infection.

o SLE.

o Hepatitis B and C.

o HIV.

o Cryoglobulinaemia type Il.

Complement abnormalities
e Low C3 levels in over 50-60%, more commonly in type Il MCGN.
e C1gand C4 levels (classical pathway) may also be low in some.
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o C3 nephritic factor (C3 neph) may be present if the C3 is low; more
commonly in type Il MPGN.
e C3 neph is an autoantibody which combines with C3 converting
enzyme, preventing its degradation by factor H;
* other variants may exist acting on different parts of the complement
cascade.
o A small number of children have inherited abnormalities of the
complement system:
* usually C3 or C2 deficiency.

Pathological classification
o Type 1 (subendothelial) MPGN:
* commonest form;
* mesangial proliferation;
« capillary wall thickening;
* EM changes of subendothelial deposits in the capillary wall;
* double contouring of basement membrane.
o Type Il MPGN (dense deposit disease):
* mesangial proliferation;
« capillary wall thickening;
* basement membrane thickened due to dense deposits.
o Type Il MPGN:
 subepithelial deposits;
« considered by some to be a variant of Type | due to the many
histological similarities;
* mesangial proliferation;
« capillary wall thickening.
o Crescents may be present in 10-15% of cases.

Treatment

The evidence to support any specific therapeutic regimen is scarce, par-
ticularly so for type II, for which there is little evidence for any effective
treatment. However, most would trial a course of steroid therapy even
with type Il, with the reservation that, if there is no benefit, the course
is stopped (see [lJ ‘Great Ormond Street Hospital protocol’, p.220). All
would agree that if crescentic changes are present on biopsy and there
is evidence of a rapidly progressive glomerulonephritis, this should be
treated regardless of type of MPGN (see LI ‘The standard treatment of
childhood vasculitis’, p.282).

Immunosuppression for types | and Ill

Children with mild disease (no evidence of impairment of renal function,

hypertension, or nephrotic range proteinuria) can be simply observed

with no active immunosuppression.

o The decision not to treat should be regularly reviewed and changed
should renal function or proteinuria worsen or should hypertension
develop.

The use of cyclophosphamide, azathioprine and other agents has been
described though there is no good evidence to support their use.
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Long-term high dose alternate day prednisolone

o The evidence-base to support such therapy is not strong, though is
better than for any other agent/regimen.

o Many different alternate day regimens have been proposed.

The Cincinnati group have used high dose alternate day prednisone (2mg/kg,

max 80mg) for at least 2 years with subsequent dose reduction based upon

results of urinalysis, plasma albumin, C3 levels and renal biopsy changes.

o Many children have received in excess of 5 years of prednisone
therapy.

® 10 year renal survival is reported to be 80% for type | and 70% for type llI.

Great Ormond Street Hospital protocol

For patients with plasma albumin <25g/L or an elevated plasma creatinine:
» 6 months prednisolone 40 mg/m? on alternate days.
o Monitoring during therapy:

* Urine albumin/creatinine ratio, plasma creatinine, plasma albumin at

each clinic visit.

Particular attention must be paid to the BP when starting children on
steroid therapy with this disease as hypertensive encephalopathy is well
described.

At 6 months, progress can be re-assessed. An increase in plasma
creatinine of > 30% or a declining plasma albumin or increasing
proteinuria should be classified as treatment failure and steroids should
be withdrawn.

If there is improvement or the child is stable, a suggested regimen for
steroid management after the first 6 months is as follows:

« 6 months to 1 year: 30 mg/m? on alternate days (i.e. during the first

year of treatment);

 1to 2 years: 20 mg/m? on alternate days;

 2to 3 years: 15 mg/m? on alternate days;

* 3to 4 years: 10 mg/m? on alternate days.
At the end of each 6 month period, the child should be assessed for
treatment failure as defined at the initial 6-month reassessment and if
this is felt to be the case, the use of steroids should be reassessed.

Other therapies

Adult studies have failed to show a long-term benefit of dipyridamole,

either alone or in combination with cyclophosphamide and warfarin.
There are small series of patients reported to have responded to either

ciclosporin, tacrolimus, or mycophenolate mofetil, though randomized

controlled trial data are lacking.

ACE inhibitors
May be useful in reducing proteinuria (see LJJ Chapter 18, p.409).

Treatment of the underlying infection or other disease in secondary MCGN
Spontaneous resolution rates are high with MCGN following treatment of
bacterial infection.
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Outcome of primary MPGN

o Without treatment over 50% will ultimately develop CKD 5.

o Follow-up studies have shown treated patients to have a 10 year renal
survival of 61-84%.

o The prognosis of Type Il MPGN is poorer given the general
unresponsiveness to therapy.

Factors associated with a poor outcome

o Nephrotic syndrome at presentation.

o Low GFR at 12 months post-diagnosis.

o Significant amount of chronic damage (interstitial fibrosis, tubular
atrophy, glomerular sclerosis) on initial biopsy.

o Type Il MPGN.

Transplantation

There is a high rate of disease recurrence of all types of MPGN post-
transplantation.

Reference

Alchi, B. and Jayne, D. (2010). Membranoproliferative glomerulonephritis. Pediatr Nephrol.
25:1409-18.
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Membranous nephropathy

Introduction

In contrast to nephrotic syndrome affecting adults, this is a rare disorder
in children, accounting for around 1-5% of cases of idiopathic childhood
nephrotic syndrome.

[ ]
o
e

Estimated incidence 1 per million childhood population.

J'and Q equally affected.

Membranous nephropathy (MN) may additionally be diagnosed in
children being investigated for asymptomatic non-nephrotic proportion
proteinuria.

There are no clear aetiological factors in the majority of children
(idiopathic MN).

Up to 43% of cases (a higher proportion than in adult MN) are
secondary to:

« infection (including hepatitis B, malaria (Plasmodium malariae)
congenital and secondary syphilis, leprosy, schistosomiasis);
multisystem disease (including SLE (WHO Class V lupus), diabetes
mellitus, inflammatory bowel disease, sarcoidosis);

* drugs (including penicillamine, captopril, gold, NSAIDs);

* malignancy.

The incidence of secondary MN will be higher in areas where hepatitis
B is endemic.

A small number of cases may be familial.

De novo MN may develop in the transplanted kidney in a previously
unaffected individual (incidence 1-2%) and may also recur post-
transplantation where CKD 5 has occurred secondary to MN (see L
‘Recurrent and de novo renal disease following renal transplantation’,
p.541).

Neonatal MN is very rare and occurs secondary to feto-maternal
alloimmunization: mothers are deficient for a gene encoding a protein
expressed in placenta and glomerulus. If the child expresses the
protein on the placenta, the mother produces antibodies which cross
the placenta and bind to the antigen in the glomerulus. One such
recognized antigen is neutral endopeptidase. The disease improves
with degeneration of the maternal antibodies over time.

Presenting clinical features

Nephrotic syndrome (70%).
Asymptomatic proteinuria (30%).
Macroscopic haematuria (2%).
Microscopic haematuria (70%).
Hypertension (20%).

Renal impairment at presentation (<5%).

Diagnosis

C3 and C4 levels are normal in idiopathic MN but depressed in MN
secondary to SLE or hepatitis B.
Diagnosis is histological:
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* biopsy shows uniform thickening of the capillary wall within the

glomerulus secondary to deposition of subepithelial immune

aggregates (between the basement membrane and the podocyte).

There is no inflammatory cell infiltrate or proliferative change

(see Fig. 1.11). Advanced cases show glomerular sclerosis with

tubular atrophy and interstitial fibrosis;

immunofluorescence shows finely granular IgG deposits. Positive

staining for IgA or IgM indicates the presence of secondary disease,

e.g. SLE;

electron microscopy shows the presence of subepithelial immune

deposits.

o Where the diagnosis is made a search should be made for aetiological
factors (causes of secondary MN), particularly where the C3 and C4
levels are low.

Treatment and outcome

o Where possible, causes of secondary MN (e.g. infection, malignancy)
should receive specific treatment:

« this often results in resolution of the proteinuria without the need
for immunosuppressive therapy;

* hepatitis B associated MN has a high rate of spontaneous remission,
but in those with persistent disease there is a good response to
interferon a.

o There is no evidence base for the management of idiopathic childhood MN.

o Recommendations have to be made on the basis of uncontrolled

reports in children and controlled trials performed in adults.

Around 20% of children will develop CKD 5. This is more common

in those with heavy proteinuria and hypertension at presentation.

CKD 5 does not appear to develop in those with asymptomatic

low-level proteinuria; proteinuria in this group may resolve within

12-18 months.

o Children with nephrotic syndrome due to idiopathic MN should
generally receive immunosuppressive therapy, this being more
intensive where there is evidence of renal impairment or hypertension
at presentation.

Corticosteroids

e Have produced conflicting results in controlled adult studies.

o There are reports of successful outcomes in uncontrolled studies
performed in children.

o Many will have received at least 4 weeks of daily steroids prior to
diagnosis as empiric treatment for childhood nephrotic syndrome.

® One recommended schedule is prednisolone 2mg/kg/day (max 60mg)
for 4-8 weeks followed by a similar dose on alternate days with a
gradual taper of this dose to a dose of 10-30mg on alternate days over
6 months to 5 years depending on clinical response.
» most children who respond do so within 2-3 months.
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Alkylating agents

o Controlled studies in adults have shown alkylating agents in
combination with steroids to significantly increase the rate of disease
remission.

o Ponticelli regimen: 3 consecutive doses of IV methylprednisolone
(1g in adults), then oral prednisolone at 0.5mg/kg for 27 days, then
chlorambucil 0.2mg/kg/day for 1 month, alternating the prednisolone
and chlorambucil monthly for a total of 6 months.

Ciclosporin

o Adult controlled studies have also shown the use of this agent (with
target trough levels of 125-225ng/L) for six to twelve months to
reduce proteinuria and the incidence of declining renal function.

o If treatment is going to be effective, children will generally have entered
remission by 6 months.

Other treatments

o Hypertension should be well controlled, ACE inhibitors or angiotensin

receptor blockers being the logical agents of first choice as they also

reduce proteinuria.

Dyslipidaemia should be managed with dietary modification * the use

of statins.

o Antithrombotic prophylaxis (e.g. aspirin) may be considered in children

with persistent nephrotic syndrome.

Children with nephrotic syndrome should receive pneumococcal

vaccine or penicillin V prophylaxis.

o Some may need thyroxine replacement therapy due to loss of binding
protein in the urine. TSH (not free T4) is the best guide to monitor
thyroid function in nephrotic syndrome.

Children with asymptomatic proteinuria alone

(i.e. no hypertension, renal impairment or nephrotic syndrome.)

o Have a very low rate of progression to CKD and may enter
spontaneous remission.

o Should be treated with ACE inhibitors * angiotensin receptor blockers
to reduce proteinuria.

o The adverse effects of immunosuppressive therapy probably outweigh
the benefits.

Reference
Menon, S. and Valentini, R.P. (2010). Membranous nephropathy in children: clinical presentation
and therapeutic approach. Pediatr Nephrol. 25(8):1419-28.



Chapter 10 225

Systemic disease affecting
the kidney

Systemic lupus erythematosus: background, clinical
evaluation, and investigation 226

Systemic lupus erythematosus: treatment of non-renal
systemic lupus erythematosus 232

Systemic lupus erythematosus: classification and treatment
of lupus nephritis 237

Systemic lupus erythematosus: B cell-targeted therapies 241

Diabetes and metabolic syndrome 248

Sickle cell disease 251

Renal involvement in cystic fibrosis 252

Sarcoidosis 254

Mitochondrial cytopathies 259

Fabry disease 263

Amyloidosis 264

The emergency renal management of inborn errors
of metabolism 268

Cystinosis 271



226 CHAPTER 10 Systemic disease affecting the kidney

Systemic lupus erythematosus:
background, clinical evaluation, and
investigation

Background

o Systemic lupus erythematosus (SLE) is an episodic, multisystem,

autoimmune disease with polyclonal B cell activation and widespread

production of autoantibodies.

There is a defect in clearance of apoptotic cells, which may contribute

to autoantibody and immune complex formation (‘garbage disposal’

hypothesis).

There is widespread inflammation of blood vessels and connective

tissues due to immune complex deposition.

o Its incidence in the paediatric population is between 0.5 and 0.6 per

100,000, most cases presenting in the teenage years.

More common in females (5-10:1) and in the Black population.

Haematological and renal disease is more severe in patients with

childhood-onset lupus than in those with adult-onset disease.

Renal involvement occurs in 20-80% of paediatric patients. In

prospective studies of childhood-onset lupus, the prognosis is most

closely related to the severity of renal disease.

The classification of lupus nephritis, initially developed by the World

Health Organization, has been modified (see £ ‘Systemic lupus

erythematosus: classification and treatment of lupus nephritis’, p.237).

SLE is associated with significant morbidity and mortality, although this

appears to be improving:

* 9-year follow-up of 201 children with lupus nephritis (LN) from a
single centre reported 3% mortality and 8% CKD 5;

* mortality is most commonly due to infections, followed by renal
involvement.

Increasingly, late cardiovascular morbidity and mortality from

premature atherosclerosis is of major concern in patients with SLE:

* this is now the commonest cause of death in adults with SLE;

* in one study, the increased risk of death from cardiovascular disease
(CVD) was 16 times that of the general population.

The American College of Rheumatology classification

criteria of systemic lupus erythematosus

Four of the following 11 criteria are required for the classification of SLE.

It should be noted that, in children, the features may present sequentially

with different manifestations of lupus evolving over time.

1 Malar rash: fixed erythema, flat or raised, over the malar eminences,
tending to spare the nasolabial folds.

2 Discoid rash: erythematous raised patches with adherent keratotic
scaling and follicular plugging; atrophic scarring may occur in older
lesions.

3 Photosensitivity: skin rash as a result of unusual reaction to sunlight, by
patient history or physician observation.
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4 Oral or nasopharyngeal ulceration: usually painless, observed by a
physician.

5 Arthritis: non-erosive arthritis involving two or more peripheral joints,

characterized by tenderness, swelling, or effusion.

Serositis:

* pleuritis (convincing history of pleuritic pain, or rub heard by a
physician, or evidence of effusion); or

* pericarditis (documented by ECG or rub or evidence of pericardial
effusion).

Renal disorder:

e persistent proteinuria >0.5g/day or >+++ on dipstick analysis; or

« cellular casts (may be red cell, haemoglobin, granular, tubular, or
mixed).

Neurological disorder: seizures or psychosis in the absence of

offending drugs or known metabolic derangements, such as uraemia,

ketoacidosis, or electrolyte imbalance.

Haematological disorder:

 haemolytic anaemia with reticulocytosis; or

» leucopenia (less than 4 x 10%/L on two or more occasions); or

« lymphopenia (less than 1.5 x 10%/L on two or more occasions); or

« thrombocytopenia (<150 x 10%/L in the absence of offending
drugs).

10 Immunological disorder:

anti-DNA—antibody to native DNA in abnormal titre; or

* anti-Sm (Smith antibody)—presence of antibody to Sm nuclear

antigen; or

positive finding of antiphospholipid antibodies based on—abnormal

serum level of IgG or IgM anticardiolipin antibodies; positive test

result for lupus anticoagulant; or false-positive serological test for

syphilis.

Anti-nuclear antibodies (ANA): abnormal titre of ANA by

immunofluorescence or an equivalent assay at any point in time,

and in the absence of any drugs known to be associated with ‘drug-

induced lupus’ syndromes.

o
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Systemic lupus erythematosus syndromes in the

paediatric population

o There are different clinical presentations of lupus disease, including
drug-induced lupus, neonatal lupus, discoid lupus, systemic lupus
erythematosus, and atypical lupus.

o Itis important to note that a diagnosis of SLE can be made in a
patient who has negative anti-double-stranded DNA antibodies—
‘seronegative’ lupus. This is observed in 3—5% of cases at presentation
and that, in children, clinical features of SLE may evolve slowly over
time.

Clinical evaluation of systemic lupus erythematosus
General points in the history

o Pyrexia and weight loss.
o Fatigue, malaise, and lethargy.
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® Anorexia, nausea, and vomiting.
o Poor school attendance.
o Drug, past medical, and family history.

Mucocutaneous

o Maculopapular eruption and discoid lesions.
o Alopecia, malar erythema, swollen fingers.
o Mucosal ulceration.

Neurological

o Headache and/or migraines.

o Confusion, delirium, psychosis.

o Deteriorating level of consciousness.
o Seizures, stroke, ataxia, or chorea.

Musculoskeletal
o Myalgia and arthralgia.

Cardiorespiratory

o Dyspnoea and pleuropericardial pain.
o Intermittent chest pain.

o Vasculitis.

o Major cutaneous vasculitis (e.g. ulcers).
o Recurrent thromboembolism.

Renal
o Oedema.

Examination findings
The important clinical parameters in examination should include:

General

o Weight, height centiles, and changes over time.

o Systolic and diastolic blood pressure (BP) and centiles.
o Lymphadenopathy and hepatosplenomegaly.

Mucocutaneous

o Maculopapular eruption and discoid lesions.

o Alopecia, swollen fingers, and sclerodactyly.

® Angio-oedema, panniculitis, and calcinosis.

o Telangiectasia, malar, and peri-ungual erythema.
© Mucosal ulceration, subcutaneous nodules.

o Brown fingernails (‘lupus nails’).

Neurological

o Confusion, delirium, psychosis.

o Deteriorating level of consciousness.
o Seizures, stroke, ataxia, or chorea.

o Peripheral or cranial neuropathy.

o Transverse myelitis.

Musculoskeletal
o Myositis, tendonitis, and arthritis.
o Contractures, fixed deformities, and aseptic bone necrosis.
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Cardiorespiratory
o Cardiac failure, friction rub.
o Pericardial or pleural rub.

Vasculitis

o Raynaud’s phenomenon.

o Purpura, urticaria, nail fold, and digital vasculitis.
e Livedo reticularis.

o Superficial phlebitis.

Renal
o Oedema (nephrotic syndrome).

Blood tests in systemic lupus erythematosus (first
presentation)

Haematology

o Full blood count (FBC) and blood film.

o Erythrocyte sedimentation rate.

o Coagulation screen and international normalized ratio (INR).
o Direct Coombs’ test.

o Reticulocyte count.

o Ferritin.

o Lupus anticoagulant.

Biochemistry

e Plasma U&Es, CO,, Cl, urate, creatinine.

o C-reactive protein (relatively normal compared to erythrocyte
sedimentation rate (ESR) in active SLE, but may rise in infection).

o Glucose.

o Liver function, albumin, crewatine kinase (CK), lactate dehydrogenase
(LDH), and bone profile (Ca, Mg, PO4, and ALP).

o lonized calcium and intact PTH.

o Thyroid function tests.

o Amylase and lipase (for pancreatitis).

o Haptoglobins (if suspect haemolytic anaemia).

Immunology

o ANA.

o Anti-double-stranded DNA.

o Rheumatoid factor.

o Anti-neutrophil cytoplasmic antibody (ANCA).

o Extractable nuclear antibody (ENA) (Ro, La, Smith[Sm], RNP, Jo1, and
other).

o Complement: C3 and C4, mannose binding lectin (if available).

o Anticardiolipin IgG and IgM antibodies.

o Anti-liver kidney microsomal (LKM) antibodies if hepatic dysfunction.

o Immunoglobulins G, A, M (can get hypogammaglobulinaemia, mimicking
common variable immunodeficiency).

o Organ specific autoantibodies.

o Varicella IgG to check immunity prior to immunosuppression.
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Urine investigations in systemic lupus erythematosus

o Dip test.

o Microscopy, culture, and sensitivity (M, C, and S).

o UaUcr.

o Tubular reabsorption of inorganic phosphate (TRP), Unag:Ucr, and
Urbp:Ucr if tubulopathy suspected.

Other investigations in systemic lupus erythematosus
The following investigations need to be considered where appropriate:
Renal ultrasound (US).

Electrocardiogram (ECG).

Chest X-ray (CXR).

Echocardiography.

Pulmonary function tests.

Broncho-alveolar lavage if opportunistic lung infection suspected.
Bone marrow aspirate and trephine (exclude malignancy; macrophage
activation syndrome).
o Lumbar puncture: microscopy and culture; viral polymerase chain
reaction (PCR) (Herpes simplex virus (HSV), cytomegalovirus (CMV),
Enterovirus, Varicella zoster virus (VZV)); protein; glucose; oligoclonal
bands (present in cerebral lupus).

Magnetic resonance imaging (MRI) brain +/— spinal cord (for central
nervous system (CNS) lupus).

Electroencephaloogram (EEG).

Glomerular filtration rate (GFR).
Tissue biopsy: skin, lung, intestinal, lymph node (Kikuchi—Fujimoto's
disease: necrotizing lymphadenitis, sometimes complicating SLE);
lymphoma—increased risk with SLE, as intrinsic aspect of disease, and/
or complicating therapy.

Renal biopsy if there is:

« significant proteinuria, haematuria or hypertension;

* deteriorating renal function.

Generally, renal biopsy is reserved for children with clinical or laboratory
evidence of renal involvement with glomerular dysfunction, aiming to iden-
tify diffuse proliferative lupus nephritis (DPLN), which is the most severe
subtype. DPLN adversely affect