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Preface

The specialty of paediatric urology has seen many
advances and innovations since the publication of
the first edition of Essentinls of Paediatric Urology.
This new edition has been extensively updated,
revised and rewritten to reflect exciting develop-
ments in areas such as laparoscopic paediatric
urology, endoscopic correction of reflux, the
increasing use of MRI and the introduction of new
surgical procedures for hypospadias and bladder
exstrophy. The scope of this new edition ranges
from complex anomalies managed by specialist
paediatric urologists to common conditions such
as testicular maldescent, urinary infection and
incontinence, which constitute a substantial part of
everyday practice for urologists, general paediatric
surgeons and paediatricians.

We have sought to retain the accessible, didactic
format that proved a popular feature of the first
edition and wherever possible have also endeav-
oured to include suggestions and helpful feedback
from trainees and other readers of the first edition.
Throughout the book our over-riding aim has
been to provide a concise and up-to-date account
of the diagnosis and management of the urologi-
cal conditions of childhood which is factual and
evidence-based.

The contributors include internationally recog-
nised authorities in their field - many of whom are
regular contributors to the British Association of
Paediatric Urologists postgraduate training course
held annually in Cambridge.

The content of the new edition has been
designed to encompass the syllabus tested by the
intercollegiate examinations in Urology and Paedi-
atric Surgery, the Fellowship of the European
Board of Urology and the in-service examination of
the European Society of Paediatric Urology. A new
teature of the second edition is a self-assessment
section of multiple choice questions which is
intended to provide a valuable learning and revision
aid for surgeons preparing for British, European
and North American Board Examinations.

It has also been our intention that the second
edition of Essentinls of Paediatric Urology should
retain the book’s role as a source of easy reference
for paediatricians, paediatric nephrologists, radiol-
ogists and nurse specialists.

David EM Thomas
Patrick G Duffy
Anthony MK Rickwood
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Embryology

David FM Thomas

Topics covered
Genetic basis of genitourinary malformations
Embryogenesis

Introduction

A working knowledge of the embryology of the
genitourinary tract provides the basis for under-
standing the structural anomalies encountered in
paediatric urological practice. Although this chapter
will concentrate predominantly on the clinical
aspects of embryology of the genitourinary tract
it will also touch on some of the relevant basic
science and summarise developments in the
rapidly advancing field of developmental biology.

Genetic basis of genitourinary
tract malformations

Chromosomal abnormalities

The nuclear DNA present in the normal human
somatic cell is represented by 23 pairs of chromo-
somes: 22 pairs of autosomes and one pair of sex
chromosomes, a karyotype expressed as 46XY
(male) or 46XX (female).

Following the sequence of two meiotic divisions
during gametogenesis each spermatazoon or oocyte
carries only one unpaired copy of each autosome
and one sex chromosome — either X or Y. Fusion
of the nuclear DNA of the gametes at the time of
fertilisation imparts the normal diploid status to
the fertilised zygote.

Structural chromosomal abnormalities occur
either during the formation of the gametes

Upper urinary tract
Lower urinary tract
Genital tracts

(gametogenesis) or during the first few cell divisions
of the fertilised zygote. Examination of sponta-
neously aborted embryos reveals a high percentage
of profound chromosomal abnormalities inconsis-
tent with survival of the embryo. The most serious
chromosomal abnormalities compatible with survival
to term are trisomy 21 — Down’s syndrome (47XX
or 47XY) — and trisomies 13 and 18.

Trisomies result from the failure of a pair of
chromosomes to separate fully during gameto-
genesis, with the result that an additional copy
of a chromosome or fragment of chromosome
becomes incorporated into the nucleus of a gamete
(usually by a process termed translocation or
non-disjunction). The converse of the process,
which gives rise to trisomic states, also results in
the formation of a gamete that is lacking a copy of
a particular chromosome. The zygote formed by
tertilisation will therefore have only one copy of
this chromosome — termed monosomy. Complete
autosomal monosomic states are uniformly lethal
but some partial monosomies created by deletion
of part of a chromosome are compatible with
survival and are associated with specific syndromes.
Deletion of a particular portion of chromosome
11 has been implicated in the aetiology of some
Wilms’ tumours.

A similar process of faulty separation affecting
the sex chromosomes is encountered in, for
example, Klinefelter’s syndrome (47XXY) or Turner
syndrome (45X). Monosomic forms (45X)
account for approximately 50% of cases of Turner
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syndrome, mosaicism (45X/46XX ) is present in
approximately 30% of cases while a structural
deletion on one of the X chromosomes accounts
for approximately 20%. Abnormalities of the
sex chromosomes often occur in mosaic form,
mosaicism being defined as the presence of two
chromosomally distinct cell lines derived from the
same zygote. In addition to translocation and non-
disjunction, structural defects involving identifi-
able segments of chromosomes include deletion,
inversion, duplication and substitution.

The genetic imbalance arising from structural
chromosomal abnormalities is expressed as profound
disturbances of embryological development across
a number of systems, including the genitourinary
tract (Table 1.1).

Gene mutations occur in structurally intact
chromosomes at the level of the nucleotides
comprising the individual genes. Such mutations
are not visible on microscopy but are amenable to
study by techniques such as PCR (polymerase
chain reaction) and FISH (fluorescent in situ
hybridisation). The role of individual genes can
be elucidated by studying the effects of so-called

‘knock out’ deletion in transgenic mice.

Table 1.1

Specific gene mutations have been identified in
a number of inherited conditions affecting the
genitourinary tract, e.g. autosomal dominant poly-
cystic kidney disease, X-linked Kallmann’s syndrome
and renal coloboma syndrome (mutation of the
PAX2 gene encoding for a transcription factor
expressed during development of the eye and urinary
tract).

However, the majority of the congenital
anomalies encountered in paediatric urology do not
have such a clearly defined genetic basis. They either
arise sporadically or are inherited as autosomal
dominant traits with variable expression and
penetrance. Conditions such as vesicoureteric reflux,
upper tract duplication, hypospadias, etc., which
exhibit a familial tendency are generally believed to
represent the interaction of multiple genes, rather
than a single gene mutation. The extent to which
external factors in the fetal or the wider environment
influence the expression of genes involved in
regulating the development of the genitourinary
tract is poorly understood. However, it is known,
for example, that gene expression and regulation
within the differentiating fetal kidney is markedly
affected by early urinary tract obstruction.

Chromosome defects associated with urinary tract anomalies

Chromosome defect or syndrome

Frequency (%)

Genitourinary anomalies

Turner syndrome 45X0

Trisomy 18 (Edwards’ syndrome) 70

Trisomy 13 (Patau syndrome)

4p (Wolf-Hirschorn syndrome) 88

Trisomy 21 (Down’s syndrome)

60-80

60-80

3-7

Horseshoe kidney
Duplication

Horseshoe kidney
Renal ectopia
Duplication
Hydronephrosis

Cystic kidney
Hydronephrosis
Horseshoe kidney
Ureteric duplication

Hypospadias
Cystic kidney
Hydronephrosis

Renal agenesis
Horseshoe kidney




Embryology 3

Embryogenesis

Human gestation spans a period of 38 weeks, from
tertilisation to birth. Conventionally, pregnancy is
divided into three trimesters, each of 3 months’
duration. The formation of organs and systems
(embryogenesis) takes place principally between
the third and 10th weeks of gestation. Throughout
the remainder, the fetal organs undergo differenti-
ation, branching, maturation and growth. In each
ovulatory cycle a small number of germ cells
(primary oocytes) within the ovary are stimulated to
resume the long-arrested meiotic division. Of these,
usually only one progresses to be extruded from the
ovary into the fallopian tube at the midpoint of
the menstrual cycle. At the time of fertilisation the
protective zona pellucida of the oocyte is penetrated
by the fertilising spermatazoon, thereby triggering
the final meiotic division to create the definitive
oocyte and second polar body (consisting of non-
functional DNA). Fertilisation is defined as the
tusion of the nuclear DNA of the male and female
gametes (spermatazoon and definitive oocyte). In
the ensuing 5 days, the fertilised zygote undergoes
a series of mitotic doubling cell divisions termed
cleavage (Figure 1.1).

Implantation of the spherical mass of cells
(blastocyst) into the primed uterine endometrium
occurs approximately 6 days after fertilisation.
Proliferation of the embryonic cell mass over the
ensuing 10 days is accompanied by the appearance
of two cavities — the amniotic cavity and the yolk
sac. The embryo is destined to develop from the
cells interposed between these two cavities. The
ectodermal tissues of the embryo derives from
the layer of cells on the amniotic surface of the
embryonic disc, whereas the endodermal deriva-
tives have their origins in the layer of cells adjacent
to the yolk sac (Figure 1.2). Inpouring of cells
from the amniotic surface via the primitive streak
creates a third layer of embryonic tissue, the
intraembryonic mesoderm, which subdivides into
paraxial, intermediate and lateral plate mesoderm.
It is from the intermediate block of intraembryonic
mesoderm that much of the genitourinary tract is

Morula
4-Cell embryo (Day 4)
(Day 2)
2-Cell embryo Q o —
(ay ) O Ovulation Blastocyst
vulatl . .
Penetration of _ implants into
oocyte triggers \;‘L‘ endometrium
meiosis. Fusion | /- at 5 days

of nuclei creates
fertilised zygote

Figure 1.1 Key stages in the 5-6 days from fertilisa-
tion to implantation.

Embryonic
Amniotic disc
cavity
Yolk sac

Primitive streak

Cloacal membrane

Cross-section

Ectoderm

Intraembryonic
mesoderm

Endoderm

Figure 1.2 Embryonic disc at 16 days. Formation of
intraembryonic mesoderm by inpouring of cells at the
primitive streak.

derived. Segmentation and folding of the embryo
begins during the third and fourth weeks of gesta-
tion, and towards the end of this period the precur-
sor of the embryonic kidney begins to take shape.
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In vitro fertilisation (IVF)

Many of the more severe congenital abnormalities
of the genitourinary tract frequently carry a signif-
icant risk of infertility or subfertility. Examples in
males include oligospermia or azoospermia due to
cryptorchidism, impaired ejaculation in men with
a history of posterior urethral valves or bladder
exstrophy and erectile dysfunction in men with
neurological impairment associated with spina
bifida. Causes of infertility or reduced fertility in
females include Turner syndrome, spina bifida and
cloacal anomalies. With the development of in vitro
techniques, the outlook for fertility is not always as
bleak as was once the case. In the technique of
intracytoplasmic sperm injection (ICSI), spermato-
zoa are harvested directly from the testis or
epididymis and a single spermatozoon is selected
and injected into an oocyte. The fertilised zygote
is then inserted into the uterus. This technique
is particularly applicable to men with obstructive
azoospermia or oligospermia. Other techniques
such as gamete intrafallopian transfer (GIFT) or
zygote intrafallopian transter (ZIFT) may also be
applicable, depending upon the cause of infertility.

Upper urinary tract (Figure 1.3)

In the cervical portions of the paired blocks of
intermediate mesoderm the primitive precursor of
the kidney, the pronephros, first appears in the
fourth week of gestation. This structure rapidly
regresses in the human embryo. The midzone
mesonephros, however, continues to differentiate,
giving rise to tubular structures which, although
ultimately destined to contribute to the definitive
gonad, function briefly in an excretory role. In
the mesenchyme lying lateral to the developing
mesonephros, the mesonephric ducts appear, advanc-
ing caudally to fuse with the terminal portion of
the hindgut (the primitive cloaca). Canalisation of
the mesonephric ducts creates a patent excretory
unit which is believed to function transiently.

At the beginning of the fifth week, the ureteric
buds arise from the distal portion of the paired

Intermediate

Pronephros e o
'1 | "I Mesonephros [ J ! [
| § f Y ] J
\§! ’ )4
A 3 Metanephros ; ,} /
Cloaca Ureteric bud ~ Metanephric
2 blastema
Mesonephric
duct

Figure 1.3 Embryonic precursors of the upper
urinary tract, metanephros (kidney), ureteric bud.

Mesonephros

Gonad

,' N S Paramesonephric
) \\ J ‘.' 4 : duct
Y =~ ,

Metanephric
blastema/kidney
Mesonephric duct Ureter

Figure 1.4 Embryonic genitourinary tract at 6-8
weeks.

mesonephric ducts and advance towards the most
caudal portion of the blocks of intraembryonic
mesoderm - the metanephros. Fusion of the
ureteric bud and metanephric blastema at around
32 days initiates the process of nephrogenesis.
Between the sixth and 10th weeks the lobulated
embryonic kidneys ascend up the posterior
abdominal wall, deriving their blood supply
sequentially at different levels until the definitive
lumbar position is achieved (Figure 1.4).

Nephrogenesis

The formation of nephrons within the developing
kidney is an example of ‘reciprocal induction’. The
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ureteric bud derivatives give rise to the renal pelvis,
major calyces, minor calyces and collecting ducts,
whereas the glomeruli, convoluted tubules and
loop of Henle are derived from metanephric
mesenchyme. Urine production commences at
around the 10th week, when continuity is estab-
lished between the distal convoluted tubules and
collecting ducts. Proliferation of the ureteric bud
derivatives ceases at around 15 weeks, but new
generations of nephrons continue to appear sequen-
tially within the renal cortex until 36 weeks. At that
time the process of nephrogenesis ceases and the
number of nephrons within each kidney remains
fixed for life. There is considerable variation in the
number of nephrons within a normal kidney, with a
median value of approximately 700 000.
Nephrogenesis is the subject of extensive
research to identify the molecules responsible
for cell-to-cell signalling. A large number have
already been identified, including growth factors,
transcription factors (DNA-binding proteins that
regulate gene expression) and adhesion molecules.
The rennin-angiotensin system has recently been
tfound to play an important role in regulating early
differentiation and development of the urinary
tract. Tvo different tissue receptors are responsible
for mediating the actions of angiotensin 2. Whereas
stimulation of the angiotensin type 1 receptor
promotes cellular proliferation and the release
of growth factors, stimulation of the angiotensin
type 2 receptor, which is expressed mainly in the
embryo and fetus, mediates apoptosis (programmed
cell death) and diminished cell growth. Diftering
patterns of renal malformation are observed
in transgenic ‘knock out’ mice, depending on
whether the gene encoding for the type 1 or the
type 2 receptor is deleted. Targeted ablation of
the uroplakin 3 gene results in a convincing
experimental model of primary vesicoureteric
reflux. But, whereas the wealth of information
being revealed by molecular biology is advancing
our understanding of inherited renal disease,
experimental findings do not always translate
readily into the clinical setting. For example,
screening of patients with vesicoureteric reflux
for mutations of the angiotensin receptor 2 gene

and uroplakin 3 gene have yielded uniformly
negative results.

Clinical considerations

The normal embryological development of the
upper tract is heavily dependent on the role of the
ureteric bud. Faulty or failed interaction between
the ureteric bud and metanephric mesenchyme
results in renal agenesis or differing patterns of
renal dysplasia.

Renal agenesis

One or both kidneys may be congenitally absent,
either as part of a syndrome or as an isolated
anomaly. The origins of renal agenesis include:

o Intrinsic defect of embryonic mesenchyme. The
association between unilateral renal agenesis
and ipsilateral agenesis of the paramesonephric
duct derivatives in girls provides evidence of a
fundamental defect of mesenchymal tissue (see
below).

e Failed induction of nephrogenesis.

e Involution of a multicystic dysplastic kidney.
This common renal anomaly has been shown to
involute both in utero and in postnatal life to
mimic the findings of renal agenesis.

The empirical recurrence risk of bilateral renal
agenesis is 3.5%. In contrast, unilateral renal agene-
sis is often a ‘silent’ condition and its inheritance is
poorly documented.

Renal dysplasia

‘Dysplasia’ is a histological diagnosis in which
the internal architecture is disordered and charac-
terised by the presence of immature ‘primitive’
undifferentiated tubules and the inappropriate
(metaplastic) presence of cartilage and fibromuscu-
lar tissue. The kidney is usually smaller than
normal. Renal dysplasia results from faulty interac-
tion between the ureteric bud and metanephric
tissue, or from a major insult to the embryonic and
fetal kidney, e.g. severe obstructive uropathy.
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Figure 1.5 Abnormality of renal ascent and fusion —
horseshoe kidney.

Cystic anomalies

The patterns of cystic renal disease and their aetiol-
ogy are considered in Chapter 9. There is some
evidence to suggest that defective development of
the ureteric bud is implicated in the causation of
multicystic dysplastic kidney.

Abnormalities of renal
ascent and fusion

This spectrum of renal anomalies including pelvic
kidney, horseshoe kidney and crossed renal ectopia
dates from the sixth to the ninth weeks of gestation,
when the embryonic kidney is ascending to its
definitive lumbar position. Horseshoe kidney has a
reported autopsy incidence of 1:400 (Figure 1.5).
Fusion of the lower poles of metanephric tissue inter-
feres with the normal process of renal ascent, vascu-
larisation and rotation. Pelvic kidney (Figure 1.6)
and crossed fused renal ectopia (Figure 1.7) provide

T

T
[(

l

(@

Figure 1.6 Abnormality of ascent — pelvic kidney.

turther examples of anomalies resulting from defects
of ascent and fusion of the embryonic kidney.

Fetal renal function

The fetus is in effect, dialysed by the placenta,
which fulfils the homeostatic excretory role of the
kidney until the time of delivery. For this reason,
anephric fetuses may survive until term. The fetal
kidneys, however, do serve the important role of
producing increasing volumes of urine, the most
important constituent of amniotic fluid. By the
36th week of gestation it is estimated that fetal
urine accounts for approximately 90% of the
amniotic liquor. A reduction in the production of
fetal urine as a result of renal damage (agenesis or
dysplasia) or obstructive uropathy causes oligohy-
dramnios and consequent moulding deformities
of the fetus and pulmonary hypoplasia. Amniotic
fluid in sufficient volume is an essential factor
contributing to normal fetal lung development.



Embryology 7

Figure 1.7 Abnormality of ascent and fusion —
crossed fused renal ectopia.

Lower urinary tract (Figure 1.8)

The lower urinary tract originates from the cloaca,
the section of primitive hindgut into which the
mesonephric ducts and embryonic ureters drain.
Between the fourth and sixth weeks of gestation,
the cloaca is subdivided by the descent of the
urorectal septum towards the perineum and by
lateral ingrowth of the folds of Rathke. The effect
is to compartmentalise the cloaca into the urogeni-
tal canal anteriorly and the anorectal canal posteri-
orly. While the bladder is taking shape in the upper
portion of the urogenital canal, the distal ureter
and mesonephric duct begin to separate. The
mesonephric ducts migrate caudally to join into the
developing posterior urethra, whereas the ureters
remain relatively fixed at their point of entry in the
developing bladder (Figure 1.9). The adjacent
mesenchyme of the pelvis undergoes differentiation
into the detrusor, a smooth muscle component of

AIIantois—\.\L
i Urorectal
> Cloaca

| _— | / \\Iseptum
\
/

Cloacal |' I
membrane /

Primitive
hindgut

Rathke s .
folds L )

3\ Y

Genital Anorectal
tubercle canal

Urogenital a.
membrane /
Anal

membrane

&
s
—

Figure 1.8 Compartmentalisation of cloaca into
the urogenital compartment and anorectum by the
descent of the urorectal septum — 4—-6 weeks.

the bladder wall, in response to induction by
contact with the embryonic urothelium. In the
female the urethra is derived entirely from the
distal portion of the urogenital canal, whereas in
the male the urogenital canal gives rise to the
posterior urethra and the anterior urethra is
created by the closure of the urogenital groove.
The allantois protrudes from the dome of the fetal
bladder like an elongated diverticulum, extending
into the umbilical cord. Subsequently, the obliter-
ated allantois persists as the median umbilical
ligament. Rarely, the allantois remains patent,
giving rise to a congenital umblical urinary fistula
(patent urachus) or an encysted remnant.

Clinical considerations

The spectrum of cloacal anomalies encountered
in clinical practice correlates closely with varying
degrees of failed or incomplete descent of the
urorectal septum. The embryological origins of



8 Essentials of paediatric urology

Ureter
Mesonephric
duct |

Ureter

Vas
deferens

Vas deferens

Trigone

Figure 1.9 Changing anatomical relationships of
ureters and mesonephric duct derivatives.

bladder exstrophy and epispadias are less readily
apparent, but probably result from early defects of
the cloacal membrane. Incomplete ureteric dupli-
cation results from bifurcation of the ureteric bud.
Complete ureteric duplication is characterised by a
pattern of ureteric anatomy in which the ureter
draining the upper pole paradoxically enters the
urinary tract more distally than the lower pole
ureter (in some cases draining ectopically into the
vagina). This anatomical configuration (described

by the Meyer-Weigert law) occurs when the
mesonephric duct separates from the embryonic
lower pole ureter and descends towards the devel-
oping posterior urethra (with a tendency to take
the upper pole ureter with it).

Genital tracts

The internal and external genitalia of both sexes are
genetically ‘programmed’ to differentiate passively
down a ‘default’ female pathway unless actively
switched down a male pathway by the genetic
information carried by the testis-determining gene
(SRY). Until the sixth week of gestation, the
genitalia of both sexes share identical embryonic
precursors. Differentiation of the gonads and
genital tracts is initiated by the migration of
primordial germ cells from the yolk sac, across
the coelomic cavity to condensations of primitive
mesenchyme in the lumbar region of the embryo.
By a process of reciprocal interaction, the germ cells
and surrounding mesenchyme form the primitive
sex cords within the embryonic gonad. At around
this time (6 weeks), the paired paramesonephric
ducts appear as cords of coelomic epithelium lying
lateral to the mesonephric ducts. From this stage
onwards, the pathways of male and female differen-
tiation diverge.

Female
Internal genitalia (Figure 1.10)

Although the primitive sex cords degenerate, second-
ary sex cords derived from genital ridge mesoderm
enfold the primordial germ cells to form primitive
follicles. Difterentiation of the genitalia down a
female pathway cannot be entirely explained by the
absence of the SRY gene. Normal development of the
ovary does appear to at least be partly dependent on
the presence of the two normal X chromosomes,
since patients with Turner syndrome who have a
single X chromosome (X karyotype) typically have
poorly formed, dysgenetic ovaries.

In the female, the initial phase of gametogenesis
(transition from primordial germ cell to primary
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oocyte) occurs within the fetal ovaries. During
tetal life these primary oocytes embark on the first
phase of meiotic division before entering a long
phase of arrested division, which resumes again
only at puberty. In the absence of testosterone, the
mesonephric ducts regress (leaving only vestigial
remnants — the epodphoron, parodphoron and
Gartner’s cysts). The paramesonephric ducts persist
in the form of the fallopian tubes. Distally, the fused
portions of the paramesonephric ducts give rise to
the uterus and upper two-thirds of the vagina.

At the junction of the paired paramesonephric
ducts with the urogenital sinus a condensation of
tissue, the sinuvaginal bulb, develops. Between the
10th and 20th weeks of gestation displacement of
the sinuvaginal bulb in the direction of the fetal
perineum separates the developing vagina from the
urethra. During this process, canalisation of the
vagina occurs. The upper two-thirds of the vagina is
derived from the paramesonephric ducts, whereas
the distal third has its origins in the urogenital sinus
and the introitus and external genitalia are derived
trom ectoderm (Figure 1.11).

External genitalia

In the absence of androgenic stimulation, the
external genitalia of the embryo and fetus differen-
tiate passively down a female pathway. The genital
tubercle gives rise to the clitoris, the urogenital
sinus contributes the vestibule of the vagina, while
the urogenital folds persist as the labia minora, and
the labioscrotal folds persist as the labia majora.

L / tube

duct S #Fused

—=— Ovary
——— Epodphoron
‘ ‘ Parodphoron

I

Figure 1.10 The undifferentiated
genital tract is genetically pro-
grammed to proceed down the

Fallopian

paramesonephric pathway of female differentiation
ducts (ureterovaginal  unless switched down the male
canal) pathway by the SRY gene.

Male

Internal genitalia (Figure 1.12)

Current evidence indicates that differentiation of
the male genitalia is initiated by a single testis-
determining gene (SRY) located on the Y chromo-
some and then mediated through other Y
chromosomal and autosomal ‘downstream’ genes.
The gene product expressed by the SRY gene is
responsible for stimulating the medullary sex cords
to differentiate into secretory pre-Sertoli cells.
From the seventh week onwards these pre-Sertoli
cells secrete anti-miillerian hormone (AMH) -
otherwise termed miillerian inhibiting substance
(MIS), a glycoprotein that plays a central role in
subsequent differentiation of the male genital tract.
In the male the paramesonephric ducts disappear
completely, with the exception of vestigial remnants
(the appendix testis and utriculus). At least three
important properties are ascribed to MIS:

1. MIS stimulates regression of the paramesonephric
ducts.

2. Production of testosterone by the Leydig cells
of the embryonic testis is initiated by MIS from
the ninth week of gestation. During the 12th
to 14th weeks of gestation the fetus is exposed
to very high levels of androgenic stimulation.

3. The first stage of testicular descent is mediated
by the action of MIS on the gubernaculum,
which anchors the embryonic testis in the
vicinity of the developing inguinal canal.
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Figure 1.11 Development of the lower female
genital tract between 10 and 20 weeks.

In contrast to the germ cell differentiation initiated
in the female embryo, male primordial germ cells
are inhibited from further division within the
embryonic gonad. Although gametogenesis does
not commence until after puberty the testis is not

entirely quiescent in childhood since there is
evidence that the fetal gonocyte germ cell pool
transforms into adult type gonocytes in early child-
hood. The mesonephric duct derivatives differenti-
ate between the eighth and 12th weeks of gestation
to give rise to the epididymis, rete testis, vas defer-
ens, ejaculatory ducts and seminal vesicles. This
occurs in response to exposure to testosterone
(probably by diffusion) from the developing testis.

The development of the prostate gland is
dependent upon circulating testosterone and
provides a further example of reciprocal induction.
Proliferation and branching of the endodermal
lining of the urethra (which gives rise to the ducts
and glanular acini of the prostate gland) induces
differentiation of surrounding mesenchyme to
torm the capsule and smooth muscle, a process
that ceases after the 15th week of gestation.

External genitalia (Figure 1.13)

A number of factors are responsible for the differ-
entiation of the male external genitalia, including
the synthesis of testosterone by the fetal testis, the
conversion of testosterone into dihydrotestos-
terone by the enzyme 5o-reductase and the
presence of androgen receptors within the target
cells. Androgenic stimulation of the genital tuber-
cle results in the development of the male phallus.
From the seventh week of gestation the male
urogenital sinus advances on to the phallus as the
urethral groove. Ingrowth of this urethral groove
is associated with the appearance of urethral plate
tissue destined to canalise and form the definitive
male anterior urethra. Closure of the urethra is
complete by around 15 weeks, with ingrowth of
ectoderm from the tip of the glans forming the
terminal portion of the urethra.

The testis

Tesicular descent is believed to occur in two
distinct phases, the first initiated by MIS, the
second being dependent upon exposure to testos-
terone. Experimental studies in rats have indicated
that the gubernaculum plays a key role in testicu-
lar descent (although the precise mechanism may
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Figure 1.13 Differentiation of the external genitalia determined by androgenic stimulation.

be subject to some species variation). Extending
from the testis down to the region of the labioscro-
tal swellings, the gubernaculum has the effect of
anchoring the fetal testis in the proximity of
the future inguinal canal. Under the influence of
testosterone, a second more active phase of testic-
ular descent occurs between 25 and 30 weeks,
when the gubernaculum contracts in length,
dragging the testis down the inguinal canal into
the scrotal position it occupies at birth. During the

course of its descent the testis is accompanied by a
sac-like protrusion of peritoneum, the processus
vaginalis.

Clinical considerations

Abnormalities of female internal
genitalia

Patterns of faulty development of the paramesonephric
duct derivatives include agenesis, hypoplasia, defective
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canalisation and duplication. Unilateral agenesis of
paramesonephric duct derivatives (absent fallopian
tube, hemiuterus, etc.) may be accompanied by
unilateral renal agenesis, suggesting a fundamental
underlying defect of the original ipsilateral interme-
diate mesoderm. Agenesis of the upper two-thirds of
the vagina (Rokitansky syndrome) reflects a failure of
the paramesonephric ducts to fuse distally and merge
with the urogenital sinus. Transverse vaginal septa
and short atretic segments can be attributed to
defective canalisation (Figure 1.14), whereas dupli-
cation anomalies such as bicornuate uterus represent
incomplete fusion of the distal paramesonephric

ducts (Figure 1.15).

Figure 1.14 Canalisation defect — transverse vaginal
septum.

Figure 1.15 Fusion defect — bicornuate uterus.

Female external genitalia

The aetiology and classification of disorders of
sexual development (DSD) are considered in more
detail in Chapter 20. The most commonly encoun-
tered example in Western Europe is virilisation of
the external genitalia in a female with a 46XX
genotype resulting from congenital adrenal hyper-
plasia. In affected individuals, the internal repro-
ductive tract differentiates normally but the
external genitalia virilise in response to high levels
of circulating androgens of adrenal origin.

Male internal genitalia

The rare genetically determined syndrome of
MIS deficiency is characterised by bilateral
undescended testes accompanied by the presence
of persistent paramesonephric duct structures,
including fallopian tubes and uterus. A receptor
defect is responsible for approximately 50% of
cases, whereas the remaining cases are genuinely
attributable to a deficiency of this hormone. With
the exception of the undescended testes, the exter-
nal genitalia virilise normally as this is not depend-
ent on MIS.

The persistence of a miillerian sac-like prostatic
utricle is predominantly a feature of impaired viril-
isation and patients with proximal hypospadias or
DSD account for more than 90% of cases.

In the syndrome of androgen insensitivity, the
external genitalia exhibit a receptor defect to
dihydrotestosterone (the derivative of testosterone
active in the peripheral tissues). As a result, the
external genitalia differentiate passively down the
female pathway despite a male phenotype and

normal male internal genitalia.

Male external genitalia

Hypospadias results from varying degrees of
incomplete closure of the urethral groove (although
distal glanular hypospadias may simply represent
failure of ectodermal ingrowth). Severe hypospadias,
particularly when accompanied by cryptorchidism
and a persistent miillerian utriculus, is evidently
the outcome of a generalised virilisation defect.
However, although isolated endocrinopathies have
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occasionally been identified in such cases, as yet no
single endocrine defect has been implicated in the
aetiology of hypospadias.

Similarly, there is no single unifying aetiology
tor cryptorchidism. Bilateral cryptorchidism is
more likely to represent the influence of an
endocrinopathy or imbalance of the pituitary—
gonadal axis, whereas local mechanical factors
(possibly related to the gubernaculum or the
processus vaginalis) are likely to play a more
important role in the unilateral cryptorchidism.
The combination of a blind-ending vas and histo-
logical findings of calcification and haemosiderin
in ‘nubbins’ of residual testicular tissue suggests
that most cases of so-called testicular ‘agenesis’
result from testicular torsion in utero.

Key points

e The genitourinary tract is commonly
affected in children with chromosomal
abnormalities.

e The ureteric bud plays a pivotal role in
nephrogenesis and the embryological
development of the upper tract.

e A number of important congenital
anomalies can be ascribed to defects
of the ureteric bud.

e The undifferentiated genital tract of
both sexes is ‘programmed’ to
differentiate passively down a female
pathway unless positively directed
down a male pathway by the presence
of the SRY gene and associated

downstream genes and
their products.

e Although single gene mutations have
been implicated in the aetiology of
some inherited genitourinary
abnormalities, most of the conditions
encountered in paediatric urology
occur on a sporadic basis or result
from the interaction of multiple genes.

e In vitro fertilisation techniques (IVF)
offer the prospect of fertility to some
patients whose genitourinary
malformations would previously have
been a bar to parenthood.

Further reading

Hutson JM, Terada M, Baiyun Z, Williams MPL. Normal
testicular descent and actiology of cryptorchidism.
Advances in Anatomy, Embryology and Cell Biology.
Berlin: Springer Verlag, 1996: 132

Larsen W] (ed). Human Embryology. Edinburgh: Churchill
Livingstone, 2002

McNeal JE. Anatomy and embryology. In: Fitzpatrtick JM,
Kane RJ (eds). The Prostate. Edinburgh: Churchill
Livingstone, 1989: 3-9

Stahl DA, Koul HK, Chacko JK, Mingin GC. Congenital
anomalies of the kidney and urinary tract (CAKUT): a
current review of cell signalling processes in ureteral
development. J Pediatr Urol 2006; 2: 2-9

Thomson JA, Itskovitz-Eldor J, Shapiro SS et al. Embryonic
stem cell lines derived from human blastocysts. Science
1998; 282: 1145-1147

Woolf AS, Price KL, Scambler PJ, Winyard PJ. Evolving
concepts in human renal dysplasia. ] Am Soc Nephrol
2004; 15(4): 998-1007






Renal physiology and

renal failure

Richard Trompetor

Topics covered
Fetal and neonatal renal function
Renal impairment in infancy and childhood

Renal physiology in the fetus
and newborn

Introduction

Although the kidney plays a key role in enabling
the newborn infant to adapt to the postnatal physi-
ological environment, it is immature and its ability
to regulate and maintain normal homeostasis is
reduced, particularly in premature neonates. A
variety of different pathological insults and
metabolic demands can further impair the physio-
logical function of the kidney in this age group. As
a consequence, the nephrological management of
neonates differs in several important respects from
the management of older children.

In the later stages of pregnancy the fetus is in a state
of physiological volume expansion. Amniotic fluid is
swallowed, absorbed in the gastrointestinal tract and
‘recycled’ into the amniotic cavity via the kidneys.
Fetal urine is the major constituent of amniotic fluid
and production increases with gestational age from
approximately 10 ml/h at 23 weeks’” gestation to
approximately 30 ml/h at 32 weeks’ gestation and
continuing at that rate untl the end of pregnancy.
Oligohydramnios is usually a consequence of renal
dysfunction or urinary tract obstruction.

The formation of new nephrons (nephrogenesis) in
humans is confined to intrauterine life and is complete
by 36 weeks® gestation — although in premature
infants born before 36 weeks the normal pattern of

Medical management
Renal replacement therapy

nephrogenesis continues after birth. Nephrogenesis
may be affected by a number of prenatal factors,
notably early urinary tract obstruction.

In the fetus, glomerular filtration rate (GFR) is
proportional to body weight, but even when the
fetal GFR has been corrected for body weight it
remains considerably reduced, corresponding to
30-50% of the weight-corrected adult value.
Creatinine is not a useful indicator of fetal renal
function as it freely crosses the placental barrier —
with the result that fetal plasma creatinine values
mirror those in the maternal circulation. Amniotic
fluid volume is a crude index of urine production
and thus of fetal renal function, and measurement
of electrolytes and osmolality in amniotic fluid and
fetal urine can also provide a guide to fetal renal
function. Normal fetal urine is characterised by a
high flow rate (>5 ml/kg/h), a low osmolality and
relatively low sodium concentration.

The GFR at birth correlates closely with gesta-
tional age, being approximately 5 ml/min/m? in
premature infants born at 28 weeks’ gestation and
12 ml/min/m? in infants born at term (40 weeks).
Postnatally there is a sharp increase in GFR, which
doubles by 2 weeks of age; however, it is not until
2 years of age that the corrected GFR reaches the
corresponding adult-corrected value.

The low GFR in newborn infants is of consid-
crable relevance to clinical management: e.g.
in the interpretation of laboratory results and
the calculation of fluid requirements and drug
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dosages. This is particularly important in sick
premature babies. Although the neonatal kidney
can cope with most normal demands its functional
reserve is limited and may be overwhelmed by
some of the stresses commonly encountered in
the neonatal period. Several vasoactive systems,
such as the renin—angiotensin system, intrarenal
adenosine, the prostaglandins and atrial natriuretic
peptide, are up-regulated in the neonatal period
and are important for the maintenance of GFR.
Overstimulation of the renin-angiotensin system
(for example by hypoxia) or inhibition of the
renin-angiotensin system (by angiotensin-converting
enzyme inhibitors) can both predispose to renal
failure.

Water metabolism

Newborn infants are born in a state of overexpan-
sion of extracellular water, which is inversely
proportional to maturity. Following delivery, an
acute isotonic volume contraction occurs with
corresponding weight loss. This phenomenon,
which is part of the normal physiological adapta-
tion to extrauterine life, is most pronounced and
prolonged in premature infants.

The ability of the kidney to regulate water
balance is not fully developed at birth. In response
to a hypotonic fluid challenge, term and preterm
neonates produce urine with an osmolality of 50
and 70 mosm/kg H,O, respectively. At this age the
kidney has the capacity to increase urine flow and
water clearance in response to a waterload, but this
response is impaired and water excretion is
prolonged. As a consequence, newborn infants are
poorly equipped to cope with fluid overload and
are at greater risk of dilutional hyponatraemia.

The capacity of the neonatal kidney to produce
concentrated urine is also limited and, in the first
week of life, the maximum urine concentrations
achieved by preterm and term neonates following
fluid restriction are 600 and 800 mosm/kg H,O,
respectively. This limited concentrating capacity
reflects a reduced responsiveness of the immature
kidney to vasopressin and an inability to maintain
a corticomedullary osmotic gradient.

Sodium balance

Newborn infants have a limited capacity to
conserve sodium when challenged by sodium
restriction and a limited ability to excrete sodium
in response to a sodium load. In the first week of
life, urinary sodium excretion is high and inversely
proportional to the maturity of the neonate.
Premature infants have an obligatory urinary
sodium loss with consequent negative sodium
balance. Plasma sodium and chloride concentra-
tions often fall to low levels and urinary sodium
excretion remains high relative to plasma sodium.
This imbalance is thought to be a consequence of
renal immaturity rather than redistribution of
sodium within body fluid compartments.
Disturbances in plasma sodium include:

1. Early-onset hyponatraemia (plasma sodium
<130 mmol/l) occurring in the first week of
life. This is due to water retention and sodium
depletion.

2. Late-onset hyponatraemia. This is usually the
result of inadequate sodium intake, renal sodium
wasting and free water retention.

3. Early-onset hypernatraemia (plasma sodium
>150 mmol/l). This is usually iatrogenic in
aetiology, resulting from repeated administra-
tion of hypertonic sodium bicarbonate solution
to correct acidosis in severely ill neonates.

4. Late-onset hypernatraemia is due to the
administration of sodium supplements and
inadequate free water.

The clinical consequences of excessive or inade-
quate sodium intake are potentially serious, and
careful monitoring of sodium and water balance is
essential in at-risk infants.

Potassium balance

Postnatal plasma potassium levels differ in term and
preterm infants. In the term infant potassium levels
fall rapidly in the first week of life (although there
is considerable individual variation). In contrast, a
gradual rise in the plasma level of potassium is seen



Renal physiology and renal failure 17

in preterm infants, reaching a maximum at about
the third to fourth week of life. Elevated plasma
potassium levels may be a consequence of hypoxia,
metabolic acidosis, catabolic stress, oliguric renal
failure and inadequate excretion by the immature
distal nephron. The impaired ability of renal
tubules to respond to aldosterone coupled with
low ATPase activity in the potassium-secreting
epithelial cells of the distal nephron contribute to
impaired potassium excretion.

Acid-base balance

By comparison with adults, neonates are acidotic:
this is both respiratory and metabolic in aetiology
and is usually accompanied by cardiopulmonary
compensation. The capacity of the newborn infant
to excrete an acid load is limited but the renal
threshold for bicarbonate resorption increases with
advancing maturation as the renal acidification
mechanisms develop. Although late-onset metabolic
acidosis in premature infants is usually mild and
rarely associated with clinical symptoms, more
severe acidosis gives rise to poor feeding and
growth impairment. Supplements may be needed
to ensure that plasma bicarbonate concentration is
maintained above 17 mmol/I.

Renal impairment in infancy
and childhood

Introduction

A major reduction in the number of functioning
nephrons as a result of congenital or acquired
damage gives rise to two distinct but related patho-
logical states: first, since damaged nephrons are
incapable of repair or regeneration, renal dysfunc-
tion occurs; second, a series of secondary physiolog-
ical, metabolic and hormonal changes then ensue as
renal function progressively declines. Treatment is
directed at decreasing the rate of progression of
chronic renal failure (CRF) and addressing the
sequelae of renal dysfunction. The principal conse-
quences of untreated CRF in children are:

e growth retardation
e sexual immaturity
e psychomotor or intellectual retardation.

Treatment must be initiated early in the course of
renal dysfunction and should generally increase in
intensity in parallel with progression of the disease.
Chronic renal failure supervenes when the GFR
decreases to less than 25-30% of normal (correspon-
ding to a plasma creatinine concentration of approx-
imately 150-200 pumol/l) and clinical manifestations
usually become apparent at this stage.

Incidence

Data from the United States and European registries
indicate that the incidence of chronic renal failure is
approximately 10-12 per million children in the age
group 0-19 years. Since the number of children
with CRF is small compared with the adult popula-
tion, there are fewer centres specialising in the treat-
ment of renal failure in this age group.

The term end-stage renal disease (ESRD) is used
to describe the phase when renal dysfunction has
progressed to the point where native renal function
has failed and the individual becomes dependent on
either dialysis or renal transplantation for survival.
According to data from the North American
Pediatric Renal Transplant Cooperative Study, the
most common renal disease diagnoses in children
aged 0-17 years undergoing transplantation were
hypoplastic—dysplastic kidneys, obstructive uro-
pathy, focal segmental glomerulosclerosis, reflux
nephropathy and systemic immunological disease.
Congenital renal disorders accounted for 50% of
renal failure in children under the age of 5 years.

Chronic renal failure

Measurement

In adults, the progression of renal disease can be
demonstrated by a significant decline from a
predictable normal adult value for GFR. In
children, this calculation is inherently more diffi-
cult since both absolute GFR and actual GFR
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Table 2.1 Relationship between renal function at
6 months and onset of end-stage renal disease
(ESRD)

Prognosis (predicted

Serum creatinine age of onset of

(uwmol/l) at end-stage renal

6 months of age disease)

<150 Good prognosis
150-300 ESRD 10+ years
200-350 ESRD 5-10 years
350-600 ESRD <5 years
>600 Uncertain outcome

must be adjusted for surface area during early
childhood. In addition, corrected values for GFR
normally increase in the first year of life. Against
the background of evolving function it is more
difficult to define the progression of renal impair-
ment. Formulae based on the logarithmic value for
serum creatinine concentration or reciprocal serum
creatinine concentration versus time have been
derived to predict the interval before dialysis or
transplantation is required. However, the predic-
tive value of these formulae is subject to the limited
reliability of creatinine clearance as a measure of
GFR 1in the later stages of deteriorating function.
As a broad guide, the serum creatinine concentra-
tion at 6 months of age can be used to predict the
timing of renal replacement therapy (Table 2.1).

The point at which dialysis treatment becomes
necessary varies between individual children but
once the serum creatinine exceeds 500 wmol/l it
becomes unlikely that even the optimal medical
management can avert the need for renal replace-
ment therapy.

Growth and development

The causes of growth failure and poor intellectual
development in children with CRF are multifactorial
but the principal factors involved are poor nutrition,

renal osteodystrophy; salt wasting, metabolic acidosis,
anaemia and hormonal changes.

Malnutrition

Malnutrition in children with CRF is characterised
by food refusal, anorexia, nausea and vomiting.
Anorexia is common in children with CRF and
may be secondary to increased levels of gastric
polypeptide; in addition, an increased incidence of
toregut motility disorders predispose to gastroin-
testinal reflux and vomiting. Growth velocity in
childhood is greatest in the first year of life and
thus the impact of chronic disease and malnutri-
tion is correspondingly more severe in this age
group. Early therapeutic intervention is vital in
order to prevent growth failure and indications
for intervention include:

o failure to maintain expected weight gain despite
the addition of calorie supplements to the diet

e recurrent vomiting, despite the use of prokinetic
medications

e parental stress.

In a significant percentage of infants, voluntary
oral intake is inadequate to meet energy or volume
requirements and feeding by nasogastric, nasojeju-
nal or gastrostomy tube is necessary to ensure
adequate water and dietary intake. Supplemental
teeding is given either by bolus or as a continuous
overnight infusion. Infants who are tube fed at
night can be fed orally during the day In those
children in whom it is necessary to administer the
entire diet via tube feeding it is nevertheless impor-
tant to maintain oral stimulation to help them to
eat normally following renal transplantation.

In infancy, the dietary protein intake can be
controlled and the most appropriate food is either
human milk or a humanised milk formula with
a low phosphate content. At any given level of
protein intake, increasing the overall energy intake
will enhance the efficient utilisation of protein.
Most humanised milks have a protein-to-calorie
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Figure 2.1 Growth pattern (height) in a child with

untreated chronic renal failure. Growth maintained
below the third percentile with downward deviation
from the centile at puberty.

ratio of 2-3 g of protein per 100 kcal (8-12%
calories as protein). Human milk has a protein-to-
calorie ratio of 1.6 kcal per 100 kcal (approxi-
mately 6% calories as protein). Infant formulas
containing 1.6-2 g of protein per 100 kcal are safe
and meet the recommended dietary allowance
(RDA) for protein intake in infancy.

Whenever possible, the serum urea level should
be kept <20 mmol/l by maintaining adequate
calorie intake and ensuring sufficient water is avail-
able to avoid extracellular fluid volume depletion.
There is a consensus that dietary intake of carbo-
hydrate should approximate to 100% of the RDA
for the appropriate height and age. Calculated

energy intake may need to be increased in children

with a low weight to height ratio. Energy supple-
ments such as polyunsaturated corn oil, complex
carbohydrates or medium-chain triglycerides are
widely favoured because of their high calorie
density and low cost.

A typical growth pattern in infancy and child-
hood is illustrated in Figure 2.1. In this case
growth (weight) remains below the third percentile
and deviates from this percentile with the onset of
puberty.

Figure 2.2 illustrates the growth pattern for
both height and weight in an infant in whom
nasogastric tube feeding was instituted at the age
of 2 years, with resulting improvement in both
weight and height. At approximately 3 years of
age, overnight feeding was commenced, with
further improvement in both weight and height
reflected in growth lines crossing the percentiles.

Renal osteodystrophy (Figure 2.3)

Disorders of mineral metabolism in children with
CREF invariably affect skeletal growth and develop-
ment, with resultant bone deformities and, in most
cases, deceleration of linear growth.

The crucial roles played by the kidney in
bone and mineral homeostasis include:

e regulating calcium, phosphorus and magnesium
metabolism

e participating in the catabolism of parathyroid
hormone (PTH)

e excreting aluminium and f,-microglobulin

e synthesizing calcitriol or 1,25-hydroxyvitamin D,.

The primary site of vitamin D synthesis is located
in the proximal nephron, where 25-hydroxyvitamin
D is converted by the action of the 1o-hydroxylase
enzyme to 1,25-dihydroxyvitamin D, (calcitriol) —
its most potent and active metabolite (Figure 2.3).
In renal failure, enzymatic activity decreases,
leading to reduced production of calcitriol and the
development of secondary hyperparathyroidism.
In addition, urinary excretion of aluminium and
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(a) Impact on growth (height) with the introduction of nasogastric enteral feeding in a 2-year-old

child with CRF. (b) Improved weight gain following introduction of nasogastric feeding in the same child.

B,-microglobulin is impaired and may contribute to
certain forms of renal osteodystrophy:

Secondary hyperparathyroidism

This common feature of ESRD has a number of
contributory factors:

e phosphate retention

e hypocalcaemia

e impaired calcitriol synthesis

e alterations in secretion of PTH and reduced
sensitivity of the skeleton to the calcaemic
actions of PTH.

Clinical manifestations

Osteodystrophy can present with non-specific signs
and symptoms or may go unnoticed. A reduction
in physical activity can be a subtle early symptom
and it is important to be aware that radiographic

changes are not always a reliable guide to the sever-
ity of the underlying bone disease.

Approximately 30-50% of children with CRF
exhibit short stature and in 60% of children receiv-
ing regular dialysis treatment growth velocity is
below the normal range. In early renal osteodys-
trophy bone pain is non-specific, but as the disease
progresses pain may be localised to the lower back
and weight-bearing joints in ambulatory patients.
The onset of a limp should be thoroughly evalu-
ated because of the prevalence of slipped femoral
epiphysis; indeed, all epiphyses can be affected and
fractures can occur.

Skeletal deformity is a significant feature of long-
standing untreated CRF in children, with the
patterns of deformity being age-related. In younger
children skeletal abnormalities are similar to those
due to vitamin D-deficient rickets, i.e. rachitic
rosary, metaphyseal widening at the wrist and
ankle, craniotabes and frontal bossing. In older
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Figure 2.3 Pathogenesis of renal osteodystrophy.

children deformities of the long bones are more
evident, particularly affecting the lower extremities,
i.e. valgus and varus deformity of the knee.

Muscle weakness and a waddling gait are charac-
teristic of the myopathy associated with CRF and
resemble the proximal muscle weakness seen in
patients with vitamin D deficiency. Although soft
tissue calcification is seen more frequently in
adults, it can also occur in children with ESRD: the
most commonly affected sites are blood vessels,
lung, kidney, myocardium, central nervous system
and gastric mucosa. The aetiology of soft tissue
calcification is usually a high serum calcium-—
phosphate product resulting from poor control of
secondary hyperparathyroidism.

The principal radiographic features of renal
osteodystrophy relate to increased bone resorption,
typically at the subperiosteal or endosteal surfaces of
cortical bones. The extent of bone resorption corre-
lates with parathyroid hormone levels and the sites
involved characteristically include the distal ends of
the clavicles, ischial and pubic surfaces, sacroiliac

joints, junction of the metaphysis and diaphysis of
long bones, and the phalanges. The radiological
appearances are characterised by a diffuse ‘ground-
glass’ appearance, generalised mottling and focal
lucent or sclerotic areas.

Treatment of osteodystrophy

Even in the earliest phase of chronic renal insuffi-
ciency, i.e. a GFR of 50-80 ml/min/1.73 m?,
some patients have a raised level of parathyroid
hormone, and if untreated the severity of second-
ary hyperparathyroidism worsens as renal function
further declines.

Dietary manipulation

When the GFR falls to less than 30 ml/min/1.73 m?
phosphate excretion decreases and it is necessary to
restrict dietary phosphate intake. Phosphorus is
present in nearly all foods and its highest concen-
tration is in meat and dairy products. The average
dietary phosphate intake is between 900 and 1500
mg per 24 hours, of which approximately 50% is
absorbed. Restriction to below 800 mg in 24
hours is desirable, but such a diet may become
unpalatable, with implications for long-term
compliance; the use of phosphate-binding agents
then plays an integral role in management.

Phosphate-binding agents

Calcium-containing salts such as calcium carbonate
and calcium acetate are currently the major
phosphate-binding agents used for limiting intestinal
phosphate absorption. Calcium carbonate is the
most widely used calcium salt as it is inexpensive,
well tolerated and contains 40% elemental calcium.
The dosage of calcium carbonate is matched to
dietary intake and should be taken with or immedi-
ately after food. Hypercalcaemia is the most impor-
tant complication associated with long-term use.

Vitamin D therapy

Vitamin D replacement is indicated in patients
with chronic renal failure. A number of vitamin D
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sterols have been used to control secondary
hyperparathyroidism, including dihydrotachy-
sterol, 25-hydroxyvitamin D,, la-hydroxyvitamin
D; and 1,25-dihydroxyvitamin D;. Of these, lo-
hydroxyvitamin D; is the most widely used vitamin D
analogue and, at a daily dosage of 0.02-0.1ug/
kg/day, it is both safe and effective. Hypercal-
caemia is the main side effect, but calcium levels
will fall in response to a temporary reduction or
cessation of therapy.

Assessment of therapy

Serial measurements of total serum calcium,
ionised calcium, phosphate and intact PTH levels
are important in assessing the efficacy of dietary
and therapeutic intervention. Calcium and phosphate
levels should be maintained within normal ranges for
age (total calcium 2.41-2.77 mmol/l; ionised calcium
1.16-1.45mmol/l; phosphate 1.2-2.1 mmol/l),
whereas intact PTH levels should be below
6.0 pmol/l.

Sodium chloride and bicarbonate

Obligatory urinary salt loss is a common feature
of chronic renal failure in infants with structural
abnormalities of the urinary tract — notably renal
dysplasia (with or without posterior urethral
valves). Since the sodium concentration of most
infant formula feeds is low, affected infants are
frequently in negative sodium balance and salt and
sodium bicarbonate supplementation is therefore
required to maintain adequate extracellular fluid
volume and prevent metabolic acidosis. Sodium
chloride is added to the feed or diet until the serum
sodium concentration rises to 135-140 mmol/l.
Up to 5 mmol/kg body weight per day may be
required and the level of supplementation is
decreased if oedema or hypertension supervenes.

Treatment of anaemia

The availability of recombinant human erythropoi-
etin (r-Hu EPO) has proved a major advance in

the treatment of anaemia associated with CRF or
ESRD in children. The benefits include:

e correction of the anaemia of renal failure,
improvement in tissue oxygenation, exercise
tolerance and haemostatic activity

e improved myocardial function resulting from
reduction in the ventricular hypertrophy associ-
ated with anaemia

e reduced risk of developing HLA antibodies by
obviating the need for blood transfusion.

Subcutaneous administration is practical for predial-
ysis patients and for those on peritoneal dialysis,
whereas the intravenous route is used to administer
erythropoietin to patients on haemodialysis. Most
children require between 100 and 200 international
units per kg body weight per week and it is often
necessary to prescribe iron in conjunction with r-Hu
EPO to treat the functional iron deficiency. The
target haemoglobin concentration should be 10.5-
12.5 g/dl (9.5-11.5 g/dl for children <6 months).

Treatment of growth failure

Even with assiduous control of nutrition, bone
disease, anaemia, salt wasting and acidosis, the
majority of children probably do not achieve their
genetic growth potential. Recombinant human
growth hormone is effective in improving growth
velocity both before and after renal transplantation.

Renal replacement therapy

A detailed review of chronic dialysis and renal
transplantation in children is beyond the scope of
this chapter. As a modality of long-term treatment,
peritoneal dialysis (PD) is extremely successful in
children of all ages, including very small infants.
Continuous cycling peritoneal dialysis (CCPD)
utilising an automated cycler overnight has
become the system of choice, allowing relative
tfreedom from therapy during the day (Figure 2.4).
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Figure 2.4 Compact peritoneal dialysis machine for automated overnight home dialysis.

Figure 2.5 Haemodialysis via a subclavian vascular
access catheter.

Continuous ambulatory peritoneal dialysis (CAPD)
using a portable or wearable system is also widely
used and is not dependent on access to machines.
A reliable peritoneal catheter is the cornerstone
of successful PD and this should be inserted by a
surgeon who has expertise in this area of work.
Evidence is emerging to indicate that the complica-
tion rate is lower when a laparoscopic technique is
used for dialysis catheter insertion. Exemplary PD
technique and attention to detail are necessary if
complications such as peritonitis are to be avoided.
Chronic haemodialysis may be required while
a patient is being assessed for peritoneal dialysis, or

when it has been necessary to abandon PD follow-
ing repeated infections or a loss of ultrafiltration
capacity. Chronic haemodialysis is not the long-
term management of choice since it invariably
relies on access to a dialysis centre and the services
of highly skilled nursing and support staff. This
form of dialysis is dependent on adequate vascular
access such as internal jugular catheters or an
arteriovenous fistula (Figure 2.5). Haemodialysis
treatment is performed intermittently and its effec-
tiveness is therefore transient.

Renal transplantation is the treatment of
choice for any child with ESRD. Successtul trans-
plantation overcomes the problems of providing
adequate nutrition, corrects renal osteodystrophy,
improves growth and avoids the frequently disfig-
uring operations associated with dialysis access.

Outcome data from both single-centre studies
and large registries demonstrate that the outlook
for successful transplantation is continuing to
improve and recipient age at the time of transplan-
tation no longer has a negative effect on outcome.
The overall relative risk of death, however, is
approximately 13 times higher than that of the
age-related population of children in the UK.
Over the past three decades, there has been a
steady increase in living donor recipients, which
can account for up to 60% of transplants in some
paediatric centres, with parents representing over
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80% of living donors. In order to obviate the need
for dialysis, pre-emptive renal transplantation is
recommended whenever possible, thus optimising
the potential for growth and neurodevelopment.
Increasingly, laparoscopic living related organ
donation is practised and data from single-centre
studies would indicate that this method of
harvesting does not have a negative effect on
outcome.

Patient survival exceeds 95% at 5 years and
beyond. The most common cause of graft loss is
chronic rejection (40%), with other causes, includ-
ing acute rejection, renal vascular thrombosis,
recurrence of primary disease and poor compliance
with medication, each accounting for less than
10%. Figures for graft survival indicate that graft
retention has improved over the last decade. For
living related recipients the current figure is 85%
graft survival at 5 years, and 75% graft survival at
5 years for kidneys derived from deceased donors.
Causes of death following transplantation in
children are infection (25%), cardiovascular events,
haemorrhage (25%) and malignancy (8%). There
has been a changing trend in immunosuppressive
treatment in childhood renal transplantation over
the past two decades, with the use of less cortico-
steroid therapy, a switch from ciclosporin A to
tacrolimus as the calcineurin inhibitor of choice
and an increasing use of monoclonal antibodies
that prevent T-cell proliferation.

The care of infants and children with CREF/
ESRD and their families is complex and depend-
ent upon a multidisciplinary approach utilising the
skills of doctors, nursing staff, dieticians, teachers,
psychologists and social workers. Although it is
now technically possible to treat CRE/ESRD in an
infant or child of virtually any age or size, the
parental expectation of such treatment must be

explored before embarking upon a course of life-
long therapy. After careful consideration, some
parents of small infants with very severe renal
pathology may opt for non-treatment in view of
the profound impact of CRF/ESRD and its treat-
ment on the quality of life of affected children.

Key points

e The immature kidney has limited
capacity to respond to physiological
stress. Careful management of fluid
and electrolyte balance is important
in sick or compromised infants.

e Chronic renal failure in children is
rare. lts management is complex
and demands the expertise and
resources of a skilled
multiprofessional team.

e Renal transplantation is the
treatment of choice for end-stage
renal disease in children.

e Chronic renal failure and its treatment
carries major implications for quality
of life and in some situations parents
may take the ethically justifiable
decision not to initiate treatment.

Further reading

Barratt TM, Avnel ED, Harmon WE (eds). Paediatric
Nephrology, 4th edn. Baltimore: Lippincott Williams
and Wilkins, 1999

Kher KK, Makker SP, Schnaper HW (eds). Clinical Pediatric
Nephrology, 2nd edn. London: Martin Dunitz, 2006
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Topics covered

Diagnostic imaging
Ultrasound or ultrasonography (US)
Micturating cystourethrography (MCUG)
Alternative methods of cystography (DIC and IRC)
DMSA scintigraphy

Introduction

Imaging departments make a crucial contribution
both to the diagnosis of urological conditions and
to their treatment — in the form of interventional
radiology. The child’s age and ability to cooperate
are important considerations when determining
the choice of investigations. These factors also
dictate the possible need for sedation or general
anaesthesia. Many departments now offer dedicated
child-friendly facilities and play therapists whose
involvement can be invaluable in alleviating the
distress of children undergoing the more invasive
investigations. Imaging of the urinary tract provides
information on anatomy, function, or frequently,
both. In most instances a combination of imaging
modalities will be required to provide the informa-
tion needed to plan the most appropriate form
of management. The most commonly used imaging
tests are ultrasound (US), dimercaptosuccinic acid
(DMSA) scintigraphy, mercaptoacetyltriglycine
(MAG3) dynamic diuresis renography with or
without cystography and micturating cystourethrog-
raphy (MCUG).

Magnetic resonance imaging (MRI) is also
being used increasingly to provide both morpho-
logical and functional information. Computed
tomography (CT) may occasionally be used in
children, but in the majority of cases the clinical

Dynamic diuresis renography (MAG3 and DTPA)
Cross-sectional imaging: magnetic resonance imaging
(MRI) and computed tomography (CT)
Intravenous urography or urogram (IVU)
Abdominal X-ray (AXR)
Interventional techniques

question can be answered by the modalities listed
above without the need for ionising radiation. For
this reason, CT should never be employed as the
first-line investigation.

Although the plain abdominal X-ray (AXR) still
has role to play when looking for calcification and
for underlying skeletal abnormalities, it is now used
on a very selective basis. Similarly;, the intravenous
urogram (IVU) is now performed only infrequently.

Interventional radiological techniques are being
increasingly used as an alternative to open surgery
for procedures such as drainage and stenting, removal
of calculi and percutaneous guided tumour biopsy.

Ultrasound and Doppler

Ultrasound is almost invariably the investigation
of first choice for suspected urinary tract pathol-
ogy in children. The advantages include:

® no exposure to ionising radiation

e low cost

e non-invasive and painless

e cxcellent anatomical resolution, due to the
lower amount of fat present in children, and
their small body habitus

e high sensitivity for the detection of renal stones,
cysts and for conditions causing dilatation.
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The limitations of ultrasound include:

e observer dependence

e poor sensitivity in the detection of renal scarring

e limited anatomical delineation of complex
malformations

e lack of functional information

e poor visualisation of pathology in non-dilated
ureters.

Scanning technique
Scanning should be performed with a full bladder

to facilitate visualisation of any dilatation of the
distal ureter and to identify intravesical lesions
such as ureteroceles.

Since a degree of upper tract dilatation may
result solely from an overfull bladder, the kidneys
should be rescanned following voiding.

Doppler ultrasound to assess perfusion is also
performed if there are concerns regarding renal
blood flow: for example, in renal artery stenosis,
arteriovenous malformations, hypertension and
transplant kidneys.

Measurements in
the lower urinary tract

A bladder wall thickness of up to 3 mm is consid-
ered normal. Thickening of the bladder wall, if
associated with significant residual volume, is
suggestive of bladder outflow obstruction. Other
causes of bladder wall thickening include inflam-
mation and infiltration.

A significant residual volume of urine is defined as
one exceeding 10% of age-adjusted expected capacity.

The bladder volume is either calculated automat-
ically using the software provided, or as follows:

e In children under 2 years of age, bladder volume
(ml) = 0.49 x depth x height x width (cm) + 3.

e In older children, bladder volume (ml) = depth
x height x width (cm) x 0.9.

These formulae cannot be applied to patients with
an irregular bladder or those who have undergone
bladder augmentation.

Assessment of the
upper urinary tract

Measurements of renal length are obtained with the
child supine and values compared with published
age-adjusted data. Renal echogenicity is assessed by
comparison with an adjacent organ, typically the
spleen or liver. The kidneys are often hyperechoic
compared to the liver in the first few months of life
or in premature infants, but then revert to being
hypoechoic. End-stage kidneys are also echo-bright
and lose their normal internal architecture.

It is very important to note that reflux cannot be
reliably detected or assessed by conventional ultra-
sound and that additional investigations will be
required if reflux is suspected.

Indications

The most common indications for renal ultrasound
include the investigation of congenital abnormali-
ties (including antenatally diagnosed hydronephro-
sis), urinary tract infection, stone disease (Figure
3.1) or nephrocalcinosis (Figure 3.2).

An anterior-posterior (AP) pelvis
measurement of up to 7 mm is considered normal,
whereas 7-10 mm is equivocal and over 10 mm
abnormal (although not necessarily indicative of
pathology).

Urinary tract infection (UTI) is a common
reason for referral for US and in the acute phase
may confirm the presence of an obstructed or
dilated system and/or the presence of calculi or
debris within it. Ultrasound may also demonstrate
evidence of focal pyelonephritis within the renal
parenchyma. Although US is capable of detecting
renal scars, it is considerably less sensitive than
DMSA for this purpose.

Calculi as small as 1-2 mm can be visualised in
the renal pelvis or upper ureter but the mid-ureter
is difficult to examine by US due to overlying
bowel gas and bowel contents. A stone at the
vesicoureteric junction may also be demonstrated if
the patient has a full bladder, allowing visualisation
of this area. US is more sensitive than plain radiog-
raphy in the assessment of calculi in the kidney. It is
the first examination in the suspected diagnosis of

renal
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Figure 3.1 Urinary calculi. (a) Abdominal X-ray
shows stones in the right ureter. (b) Ultrasound (US)
demonstrating the same stones in the lower ureter
by US. (c) Further calculi are shown in the kidney

with characteristic acoustic shadowing. (d) US in

a different patient showing a staghorn calculus and

(e) DMSA demonstrating complete loss of function

in the affected kidney.
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Figure 3.2 Other examples of calcification in the
urinary tract. (a) Ultrasound (US) showing nephro-
calcinosis and calculi occurring together in the
same kidney. The nephrocalcinosis shows the typical
arching calcification around the renal pyramids and
the stone casts an acoustic shadow. (b) Calculus in
the urethra demonstrated on plain X-ray. (c) Bladder
stone on abdominal X-ray. (d) US appearances of the
same stone. (e) US in a different patient showing the
specks of echogenicity in medullary calcinosis.
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renal calculi in children; however, if the findings are
inconclusive, it may still be appropriate to progress
to other forms of imaging such as CT.

US provides valuable anatomical information
on a range of anatomical abnormalities such as
upper tract duplication (Figure 3.3) but additional
imaging (e.g. DMSA, MRI) is generally required
if surgical intervention is envisaged.

Renal cystic disease is optimally imaged by US
but it is important for the operator to accurately
distinguish true cystic disease from hydronephro-
sis (Figures 3.4 and 3.5).

US plays a role in the investigation of some
urcthral abnormalities, including syringocele,
posterior urethral valves or stone disease, but
full assessment invariably requires a micturating
cystogram.

US is generally the initial modality used to
assess an abdominal or pelvic mass, or a mass
arising within the kidney, yielding information
which typically includes the organ of origin, the
presence of solid or cystic components and the
presence of calcification. Ultrasound may also
detect metastases in other solid abdominal organs
such as the liver. In the case of suspected renal
tumours it also permits evaluation of the
contralateral kidney, the integrity of the capsule of
the affected kidney and the presence or absence
of tumour extension within the renal vein or the
inferior vena cava (IVC).

Finally, US plays an important role in the initial
imaging of renal trauma, yielding information on
the integrity of the kidney and the renal capsule and
the presence of haematoma. It can also provide some
information on renal blood flow and perfusion

(Figure 3.6).

Doppler ultrasonography

In addition to their use in renal trauma, Doppler
studies of the renal artery or vein are used for the
assessment of tumour extension within the renal
vein or IVC, in suspected renal vein thrombosis
and in the investigation of hypertension.

Micturating cystourethrography
(voiding cystourethrography)

The MCUG, also known as a voiding cystourethro-
gram (VCUG), remains a key investigation in the
examination of the bladder and the urethra for
anatomical abnormalities (Figure 3.7). MCUG is
indicated in male infants with bilateral hydronephro-
sis to look for urethral obstruction. It should also be
performed in any child with a thickened bladder
wall, poor stream and incomplete emptying in
whom there is a need to exclude a urethral abnor-
mality or other cause of outflow obstruction.

Urethral trauma is still most commonly
examined by MCUG, although this may be supple-
mented by a retrograde urethrogram in male
patients. The MCUG also retains a central role in
the diagnosis and assessment of vesicoureteric reflux,
albeit on a more selective basis than in the past (see
Chapter 5).

Technique

The procedure should be covered by the adminis-
tration of a prophylactic antibiotic and should
ideally be delayed for 4-6 weeks after any acute
infective episode has been treated. The child is
positioned on the fluoroscopy table and, using a
sterile technique, a small-calibre (6F) catheter is
passed per urethra and water-soluble contrast media
is introduced. Steep oblique or true lateral views are
needed to demonstrate posterior urethral valves and
ectopically inserted ureters while early filling views
are best for visualising ureteroceles (Figure 3.8).
One of the principal drawbacks of MCUG is the
burden of ionising radiation, although this can be
substantially reduced by using ‘grabbed’ digital
images and by removing the grid on the imaging
intensifier. Although MCUG is still considered the
gold standard technique for demonstrating reflux it
is important to note that reflux may occur intermit-
tently throughout the course of an examination or
may be seen on one occasion but not on another. It
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Figure 3.3 Imaging of duplex kidneys in different
patients. (a) Ultrasound (US) showing a scarred upper
pole in the right upper moiety. (b) US in another patient
demonstrating marked dilatation of the upper pole due to
distal ureteric obstruction by a ureterocele and moderate
lower pole dilatation associated with lower pole reflux.
(c) MCUG in a different patient showing reflux into both
the upper and lower moiety on the right. (d) Reflux
demonstrated in the same patient by indirect MAG3
cystogram showing an increase over the right kidney
during voiding. () DMSA scan in another patient demon-
strating near total loss of function in the lower pole of
duplex kidney due to scarring/dysplasia. (f) Dilated distal
ureter and associated ureterocele visualised on US.

Is important to recognise that the possibility of
reflux cannot be entirely discounted by a single
negative MCUG.

Isotope cystography
Direct radionuclide cystography

Direct radionuclide cystography (DIC) is a sensi-
tive test for reflux and carries a lower radiation
dose than MCUG. However, it still entails a
requirement for urethral catheterisation to permit
instillation of the radionuclide, technetium-99m
(*mTc) (20 MBq). Unlike the contrast MCUG, it
provides no anatomical information and does not
permit grading of severity. For these reasons its use
is limited and largely confined to follow-up.

Indirect MAG3 renocystography

Indirect MAG3 renocystography (IRC) avoids
the need for urethral catheterisation since the MAG3
radionuclide is injected intravenously. In essence, it
follows the same pattern as a conventional dynamic
renogram, with extended imaging in an area of inter-
est over the ureter and bladder. The principal limita-
tion is the low sensitivity for the detection of lower
grades of vesicoureteric reflux. The examination is
also unreliable in the presence of dilated upper
urinary tracts since in this situation it becomes
impossible to determine how much isotope has been
retained in the collecting system as a consequence of
stasis/hydronephrosis and how much has returned to
the kidney because of reflux from the bladder.
Adequate hydration is crucial for a good-quality
examination and visualisation of reflux is generally
limited to the resting and voiding phases of bladder
function. Since this technique is limited to coopera-
tive potty-trained children, its use lies mainly in
excluding clinically significant reflux in older girls
with UTlIs, and for the follow-up of known reflux.

DMSA scintigraphy
(static renography)

Technetium-99m DMSA binds to the proximal
convoluted tubules, with only 10% of the injected
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Figure 3.4 Cystic disease. Ultrasound appearances of (a) autosomal recessive polycystic kidney disease with
bright parenchyma and multiple tiny cysts compared with (b) autosomal dominant polycystic kidney disease with
multiple large hypoechoic cysts, (c) cystic dysplasia with scattered cysts and (d) multicystic dysplastic kidney
with multiple cysts and septa containing no intervening renal parenchyma.

dose being excreted in the urine. It provides static
images of functioning renal tissue and generates a
measure of relative rather than absolute renal
function. DMSA plays a valuable role in
documenting the presence and progression of
renal scarring and is also the modality of choice
for identitying small, poorly functioning kidneys,
ectopic renal tissue and cryptic or occult duplica-
tion anomalies (Figures 3.9 and 3.10). DMSA is
also a valuable modality for demonstrating fusion
anomalies such as horseshoe kidney (Figure 3.11).
It may be used in the acute phase of a UTI to
show areas of the renal parenchyma that may be

involved in pyelonephritis and can also be used in
the assessment of renal trauma to delineate which
areas of renal tissue are still functioning (see
Figure 3.6).

Technique

The dose of injected #"Tc DMSA is dependent on
body surface area, which is calculated from the
patient’s age and weight. Typically, between 15
MBq and a maximum of 100 MBq are given.
Images are then acquired approximately 2-3 hours
after the tracer has been injected.



Diagnostic imaging 33

Rt Kidney Long | »
(@)

Figure 3.5 Ultrasound in a patient with (a) autosomal dominant polycystic kidney disease compared with a
different patient with (b) marked hydronephrosis. Initial appearances are very similar but a skilled sonographer
will be able to demonstrate that in the case of the hydronephrosis (b) the ‘cysts’ all interconnect since they are,
in fact, calyces in a dilated collecting system.
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Figure 3.6 Renal trauma. (a) Ultrasound (US) shows a
laceration in the mid part of the right kidney. (b) Repeat
US 3 months later showing shrinkage of the lower pole
and reduction in blood flow on Doppler. (c) DMSA
appearances at 3 months in this patient.




34 Essentials of paediatric urology

Figure 3.7 Examples of urethral abnormalities demonstrated by MCUG. (a) Typical appearance of a posterior
urethral valve with an abrupt change in calibre of the urethra at the level of the valve leaflet with (b) a heavily
trabeculated bladder indicating long-standing outflow obstruction. (c) Urethral stricture best demonstrated with a
simultaneous retrograde urethrogram. MCUG alone (d) does not delineate the distal extent of the stricture.

The advantages of *"Tc DMSA include the
high sensitivity in the detection of parenchymal
pathology, measurement of differential renal
function and the visualisation of ectopic kidneys.
Disadvantages include the need for intravenous

cannulation and the delay between injection and the
acquisition of images. The radiation burden 1s higher
than in dynamic renography (such as MAG 3), as
the isotope is largely ‘trapped’ in the kidney until
it decays.



Diagnostic imaging 35

" :*: !?" ‘.‘.1_- :

5 6 8 10
¥ oW Y Y
\ Fe

12 14 16 18
'e"i. !er

20 M

Figure 3.8 Ureterocele. (a) MCUG shows a large ureterocele as a filling defect at the bladder base with (b) associ-
ated reflux into the dilated lower moiety of a duplex kidney. (c) Ultrasound showing the ureterocele at the bladder
base and (d) MAG3 renogram shows reflux on the left and the photopenic area of the ureterocele in the bladder.

Dynamic renography
(MAG3 and DTPA)

It seems increasingly likely that dynamic renogra-
phy will ultimately be replaced by functional
MRI but, for the time being, it remains the
standard diagnostic investigation for obstruction
in most units. The dynamic renogram permits

simultaneous assessment of renal function and
drainage and is therefore used in the assessment
of upper tract dilatation and for certain forms of
duplex system (see Figure 3.3).

Differential renal function data are usually
acquired at about 1-2 minutes after the injection of
the isotope, whereas drainage is estimated by assess-
ing the renogram curve (the normal pattern being
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Figure 3.9 DMSA images of ectopically located renal tissue: (a) ectopic left pelvic kidney; (b) horseshoe kidney
with functioning tissue crossing the midline; and (c) crossed fused ectopic kidney with (d) ultrasound demonstrating

the two fused moieties in this patient.

an early peak followed by a rapidly descending
phase) — see also Chapter 6.

The most commonly used isotope is now *™Tc
MAGS3, which relies on tubular extraction (Figure
3.12). This has the advantage of lower background
activity and a higher kidney to background ratio
than diethylenetriamine pentaacetic acid (DTPA),
which is excreted by filtration. However, DTPA
does have the advantage that it offers the possibility
of simultaneous imaging and formal measurement
of glomerular filtration rate (GFR), by taking timed
blood samples to measure clearance of DTPA.

Cross-sectional imaging

Whereas US is a form of ‘cross-sectional’
technique, the term is more commonly applied
to CT and MRI. The role of CT in paediatric
imaging is limited by the high ionising radiation
dose. MRI does not involve exposure to radia-
tion but does require patients to remain still
(or to be sedated or anaesthetised). It is contraindi-
cated in patients with most types of metallic
implants, although this is not a common consid-
eration in children.
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Figure 3.10 Pelvic kidney. (a) MCU shows reflux into an abnormally sited kidney. (b) MAG3 demonstrates
functioning parenchyma in an abnormal pelvic position with rising renogram curve.
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Horseshoe kidney. (a) DMSA demonstrates the presence of functioning renal tissue across the

midline in this patient. (b) Coronal reconstruction from a CT angiogram for vascular anatomy presurgery also
demonstrates the configuration of the kidney (a nephrostomy tube is in place in the right moiety).

MRI

Apart from the lack of ionising radiation, the advan-
tages of MRI over CT are the multiplanar images
and the superior delineation of different tissue types.
In this context MRI is particularly suited to urolog-
ical imaging because of its excellent delineation of
water/urine-containing structures.

T,-weighted images provide anatomical detail,
whereas T, images are a better guide to pathology.
Fat suppression techniques can also be added to
enhance pathological diagnosis as they allow difter-
entiation between fat and pathological tissue, both
of which may be bright (high signal) on non-fat
suppressed T, sequences. Gadolinium enhancement
(an intravenous MRI contrast medium) is extremely
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helpful in assessing tumour vascularity and in
demonstrating kidney function and excretion.

MRI in children

This technique remains challenging, as scan times
can be up to 30 minutes or even longer, and the
patient must remain absolutely still for the
duration of the scan. Infants under 6 months can
be immobilised using a ‘feed and wrap’ technique,
in which they sleep through the study. Beyond this
age, general anaesthesia is usually required to
permit a satisfactory MRI scan in patients up to
about the age of 7 or 8, after which they can lie still
on their own.

Figure 3.12 Pelviureteric junction obstruction. (a)
Ultrasound shows hydronephrosis of the right kidney
and the associated (b) MAG3 demonstrating delayed
transit of isotope with poor drainage after micturition
in the kidney and (c) rising excretion curve in the right
kidney indicating accumulating isotope and poor
drainage.

As a result of recent technical developments,
sequences are getting faster and, for the main part,
images in children are now extremely good.

Techniques and indications

MRI is now the examination of choice for the assess-
ment of renal tumours (Figures 3.13 and 3.14). MR
angiography (MRA) also makes an informative
contribution. For example, it is possible to confirm
the presence of aberrant ‘crossing vessels’ giving rise
to pelviureteric obstruction (Figure 3.15). MR
angiography is also used in the preoperative evalua-
tion of abdominal vasculature in children prior to
renal transplantation (Figure 3.16).
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Figure 3.13 Wilms’ tumour. (a) MRI with intravenous

contrast in the transverse plane shows bilateral Wilms’
tumour in a horseshoe kidney. (b) DMSA in the same
patient showing the bilateral tumours as photopenic
areas since they do not contain normally functioning
renal tissue.

In specialist centres, MR urography (MRU) is
now being increasingly applied to the evaluation
of both upper and lower tract abnormalities. It
provides high resolution images of the parenchyma
and collecting system at all phases of kidney
function (vascular, filtration, excretion) and also
provides high-quality images of the ureters. It
is likely that this technique will become increas-
ingly widespread in children who are old enough

Figure 3.14 Nephroblastomatosis. (a) CT with intra-
venous contrast reconstructed in the coronal plane

showing extensive nephroblastomatosis in both
kidneys (the misregistration at the level of the dia-
phragm is due to the patient taking a breath during the
scan). (b) MRI in the same patient demonstrates
the same finding (in the transverse plane) but without
the need for ionising radiation.

to cooperate. Heavily T,-weighted sequences are
generally used for MRU, as these highlight
water/urine-containing structures, which is an
extremely useful property in the morphological
assessment of the urinary tract.

MRI has the potential to combine anatomical
detail with the functional information convention-
ally obtained from MAG3 or DMSA scans. Studies
are being undertaken to validate the quality and
reliability of the functional information yielded by
MRI against DMSA. If it emerges that MRU is
capable of yielding functional information of
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Figure 3.15 MRI in a patient with a ‘crossing vessel' causing pelviureteric obstruction. (a) The heavily
T,-weighted sequence shows the marked hydronephrosis of the right kidney. (b) A T,-weighted sequence after
gadolinium shows the main right renal artery but also an accessory right renal artery ‘crossing’ the distended
renal pelvis to cause the right pelviureteric junction obstruction. MRI has shown both the renal pelvic anatomy
and the dynamic vascular anatomy in the same examination.

Figure 3.16 MR angiography: coronal images follow-
ing intravenous gadolinium performed in the work-up
for renal transplant showing a normal aorta, iliac and
femoral arteries.

comparable quality, it will be increasingly adopted
in the routine investigation of upper tract pathology.

Computed tomography

US can answer many of the questions in children
that are more commonly addressed by CT in
adults, and for this reason CT should not be
considered as a first-line investigation in children.
The principal exception is in children who have
suffered multiple injuries and in whom additional
information is simultaneously required on several
organ systems. CT is highly sensitive for detecting
contusions, lacerations, perinephric fluid collec-
tions and areas of avascularity. Pelvic CT should
also be included in the study to look for evidence
of bladder rupture and extra- or intraperitoneal
leakage of urine

Although CT has previously been used as the
main modality for the assessment of tumours,
MRI is fast becoming the preferred technique. CT
also has a role in the investigation of stone discase
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in patients in whom US has been unsuccessful.
This consideration may apply to patients with a
very marked scoliosis or those who are obese.

Technique

Intravenous access is usually required for the
administration of contrast material, although the
scan can be performed without the need for
contrast if it is being performed solely to look
for calcification. Very young children may be
able to sleep through the scan if they are fed
directly prior to the study but toddlers may need
sedation or a general anaesthetic. By 4 or 5
years of age, however, most children will tolerate
a CT scan without the need for sedation or
anaesthetic.

Modern multi-detector CT scanners acquire the
images very rapidly, typically in 10-15 seconds
following the start of the scan. A vascular lesion
would typically be imaged at approximately 15
seconds after the start of injection and, for tumours
or trauma, imaging is performed 25-30 seconds
after injection (therefore in the late arterial/early
venous phase). Every effort should be made to keep
the radiation dose to a minimum. In this context,
the clinician should be aware that even with
modern CT scanners the dose from a combined
abdominal and pelvic CT examination is in the
region of 200-300 times greater than the dose of a
chest X-ray.

Intravenous urogram

Although the IVU has largely been replaced by the
combination of US, DMSA and MRI, it retains a
limited role in providing information in certain
specific areas such as:

o delineating the level of an acute obstruction,
e.g. due to calculi

e correlating the position of calculi demonstrated
on US with the exact anatomy of the collecting
system to allow planning for percutaneous
nephrolithotomy or for lithotripsy.

Abdominal X-ray

Historically, the plain abdominal X-ray was often
a starting point in the investigation of abdominal
or loin pain. However, the diagnostic yield is low
and abnormal findings of urological relevance are
generally restricted to the detection of urinary tract
calculi, spinal anomalies (although MRI is prefer-
able), abdominal or pelvic mass lesions and consti-
pation. US can provide most of the information
previously sought by abdominal X-ray and has
rendered this investigation largely redundant.

Interventional techniques

Before any interventional technique is undertaken,
it is important to ensure that all the relevant preop-
erative investigations (notably clotting studies)
have been undertaken and full informed consent
has been obtained.

Arteriography

Arteriography may be indicated when renal artery
stenosis is suspected. However, this diagnosis is
usually pursued firstly by US, and then by MRI.
Conventional arteriography for suspected renal
artery stenosis does, however, have the advantage
that it can be combined with angioplasty under the
same anaesthetic. Arteriography is also useful in
middle aortic syndrome, and again angioplasty
may be used. Some renal and bladder arteriove-
nous malformations are treatable by embolisation.

Venography

Selective sampling of renal veins (for renin) and the
inferior vena cava may be indicated in children
whose hypertension is thought to arise from exces-
sive renin production by a scarred or dysplastic
kidney. Venography and embolisation is a widely
accepted technique for the treatment of varicoceles.

Antegrade pyelography

Nowadays, the principal indication lies in the
investigation of distal obstruction in the upper
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urinary tract. Antegrade pyelography via percuta-
neous renal puncture can be performed by an
interventional radiologist or by a urologist.

Percutaneous nephrostomy

Percutaneous nephrostomy is often performed
under US control but may be combined with
fluoroscopy. The procedure is usually performed
under general anaesthesia in children. Percutaneous
nephrostomy is generally preferred to open surgical
nephrostomy and drainage, the main indication
being decompression and drainage of acutely
obstructed or infected hydronephrosis usually due
to pelviureteric junction (PU]J) obstruction.

Renal and tumour biopsy

Although ultrasound-guided procedures can gener-
ally be performed using sedation and local anaesthe-
sia in compliant older children, general anaesthesia is
required for the younger age group. Multiple cores
should be acquired, and these should preferably
undergo immediate microscopic examination to
confirm that adequate tissue has been obtained. This
is important to minimise the possible need for a
repeat procedure and further anaesthetic.

Key points

e Many of the conditions encountered in
paediatric urological practice are
related to underlying congenital
abnormalities of the urinary tract. A
combination of imaging techniques is
usually required to provide the
degree of anatomical and functional
information needed to plan surgical
management.

e Ultrasound is invariably the initial
investigation of choice in children.
Intravenous urography is no longer
employed routinely and its use in this
age group is now limited to a few
selective indications.

e Dynamic and/or static renography is
routinely used to assess functional
parameters across a broad range of
paediatric urological conditions. With
further development, however, it is
possible that MR urography will take
over this role for the investigation of
upper tract obstruction.

e MRI is being increasingly adopted in
paediatric practice because of its
ability to combine excellent anatomical
detail with functional information,
without exposure to radiation. The
principal limitation is the need for
sedation or general anaesthesia in
younger children.

e The role of CT in children is limited
by the high radiation dosage. The
only indication for CT as a first-line
investigation is in the evaluation of
major abdominal trauma.

e |Interventional techniques such as
percutaneous nephrostomy and guided
tumour biopsy have largely replaced
open surgery for these indications.
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Urinary tract infection
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Introduction

Urinary tract infection (UTI) is one of the
commonest disorders of childhood, affecting an
estimated 82 000 children a year in the UK. The
investigation and management of children with
UTTI generates a substantial workload for paedi-
atric urologists and paediatric nephrologists as well
as for general paediatricians. The presentation of
UTI in this age group is varied and the diagnosis
can sometimes be problematic, particularly in
young infants in whom the clinical picture is often
non-specific and reliable urine samples are difficult
to obtain. Despite these diagnostic difficulties, the
greater awareness of the importance and preva-
lence of UTT in children coupled with the avail-
ability of sensitive dipstick reagent strips has
resulted in the detection of UTI on a far greater
scale than in the past. As a consequence of better
diagnosis of UTI by general practitioners, many
more children with mild or asymptomatic lower
tract urinary infections are now being referred
for investigation. To a large extent, however,
recent protocols for the investigation and manage-
ment of childhood UTI date from a time when
children referred for investigation tended to be
those with more severe infection. The use of
outdated protocols has had the result that many
children with lower tract UTIs have been

Clinical features

Age differences

Upper and lower tract infection
Investigation

NICE guidelines
Management

subjected to unnecessary (and often needlessly
invasive) investigations. Moreover, the burden of
unnecessary investigations has significant financial
implications for the National Health Service. To
address these concerns the UK’s National Institute
for Health and Clinical Excellence (NICE) has
recently produced new guidelines based on an
extensive analysis of the published evidence. These
guidelines are intended to encompass referral
practice, a more selective approach to diagno-
stic imaging and evidence-based recommendations
on management. The NICE guidelines have
been criticised by some clinicians on the grounds
that they might lead to under investigation of
some children with clinically significant UTIs,
scarring and reflux. Where appropriate, reference
will be made to the 2007 NICE guidelines in
this chapter.

Epidemiology

Urinary infection is one of the commonest bacter-
ial infections occurring in children and, with
improved diagnostic sensitivity, it is apparent that
the true incidence is far higher than was previ-
ously thought: in the 1960s this was put at 0.02%
for boys and 0.04% for girls, whereas current
estimates have increased 20-fold (Table 4.1). In
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Table 4.1 The age-related incidence of urinary
tract infection in boys and girls

Age (years) Boys (%) Girls (%)
<1 1.0 0.8
<3 2.2 2.1
<7 2.8 8.2
<16 3.6 11.3
Lifetime 13.7 53.1

the first 12 months of life urinary infections
are more common in boys but thereafter (and
particularly above 3 years of age) UTIs occur
predominantly in girls.

Pathogenesis of
urinary tract infection

Although urinary tract infection can arise through
haematogenous spread (or direct transmission of

Breast-feeding

bacteria from other organs in the case of vesicoin-
testinal and genitourinary fistulae), most UTIs are
caused by urethral ascent of organisms which
colonise the perineum or preputial sac. Once
organisms have gained access to the lower urinary
tract, whether they go on to produce an estab-
lished infection is determined by the interplay of
a number of factors set out in Figure 4.1. Recent
research in experimental animals indicates that the
concept of organisms multiplying within bladder
urine is misconceived and that bacterial replication
occurs predominantly at an intracellular level, with
organisms being shed into the urine from infected
urothelial cells.

Organisms

In the urinary tract, as in other systems, the occur-
rence of infection depends upon the balance
between host resistance and the virulence of the
infecting organism. Escherichia coli is the causative
organism in some 85% of cases of UTI. The
fimbriated forms of E. coli have the ability to
adhere to receptors on the urothelial surface and
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Figure 4.1

Host and pathogen factors involved in the pathogenesis of UTI in children.
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are thus particularly effective at colonising the
urinary tract. These are classified on the basis of
haemagglutination of red blood cells and expres-
sion of the P blood group antigen. P-fimbriated
E. coli are particularly potent pathogens by virtue
of their adherence properties. Other common
infecting organisms, in approximately descending
order of frequency, are Proteus vulgaris, Klebsiella,
Enterobacter and Pseudomonas.

Urinary stasis

Scientifically robust evidence linking urinary stasis
to urinary infection is sparse, especially with regard
to vesicoureteric reflux (VUR). Nonetheless, there
is a large accumulated body of clinical experience
to indicate that factors which impair the effective-
ness with which organisms are cleared from the
urinary tract do indeed predispose to urinary
infection. Stasis may result from anatomical
abnormalities producing obstruction or reflux, or
from functional disorders interfering with bladder

emptying.

Anatomical abnormalities

Increased awareness of urinary infection in
children coupled with better diagnosis has had
the result that many more children with mild,
lower tract infections are now being referred for
investigation than in the past. Consequently, the
relative proportion of children with significant
underlying urological abnormalities has decreased
and whereas previous studies reported an incidence
of underlying abnormalities of up to 30% in
children with UTI more recent estimates have put
the figure closer to 10%. Even when anomalies
are identified on investigation many, such as
minor grades of VUR, incomplete duplication
anomalies, anomalies of position or fusion, etc.,
are of little clinical significance. In practice,
dysfunctional voiding characterized by infrequent
toileting and impaired bladder emptying is now
a much more common predisposing cause of
urinary infection, particularly in girls.

Host susceptibility

Many host factors can increase a child’s susceptibil-
ity to urine infection. Premature infants are at
increased risk (although breast-feeding appears
to confer some protection). Other host factors
including immunoglobulin A (IgA) secretion and
blood group secretor status have also been linked to
susceptibility to UTI. The presence of a foreskin is
an undoubted risk factor, the reported incidence of
urinary infection being 10-20 times higher in uncir-
cumcised boys compared with their circumcised
peers. However, this increased susceptibility occurs
predominantly in the first year of life. Although the
increased risk of urinary infection in uncircumcised
boys has been cited as one of the justifications for
routine neonatal circumcision, calculations based on
a recent meta-analysis of 400 000 boys suggest that
over 100 boys would have to be circumcised in
order to prevent one boy with a normal urinary tract
developing urinary infection.

Although routine neonatal circumcision cannot
be regarded as a cost-eftective public health measure
for preventing UTIs, the benefit of circumcision
is more apparent in boys with recurrent UTIs
and those with urinary tract abnormalities. For
example, there is some persuasive anecdotal
evidence (backed by limited evidence from a small
number of observational studies) that circumcision
reduces the risk of UTI in boys with posterior
urethral valves. However, this has never been
subjected to a prospective controlled study.

Laboratory diagnosis of
urinary tract infection

Urine collection

‘C{ean catch’ midstream
urine sample

A midstream urine (MSU) sample yields the most
reliable results and children who are toilet-trained
can nearly always cooperate with this method of
collection.
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For infants and children unable to provide
a midstream specimen, there are non-invasive
alternatives.

Non-invasive alternatives

e Adhesive collection bags attached around the
genitalia represent the easiest and most
commonly employed means of collecting urine
specimens in the very young, However, the
results are only reliable if the appropriate precau-
tions have been taken and the voided specimen
is sent promptly for culture. When these criteria
are not met, contamination is common.

e Absorbent urine collection pads placed inside
the nappy are being used increasingly as an
alternative to collection bags. Cotton wool balls
may also be used but are less reliable. Urine
which has soaked into the pad is aspirated with
a syringe and sent for microscopy and culture.
Contamination is common.

Invasive techniques

¢ Suprapubic needle aspiration is the ideal method
of collection in sick infants in whom an urgent
diagnosis is required. The procedure should be
performed under ultrasound guidance, with prior
confirmation that there is urine in the bladder.

e Urethral catheterisation is
unpleasant, and is rarely used for these reasons.

invasive and

Although it is always preferable to obtain a urine
sample before commencing treatment, there may
be situations (e.g. a severely ill infant) when antibi-
otic treatment is justified even if a urine sample
cannot be obtained.

Urine storage and transport

Once collected, the specimen should ideally be
cultured within 4 hours to minimise the risk of
contaminating organisms multiplying and yielding
a false-positive result. Where this is not possible
(for example in children presenting outside working
hours), the sample can be refrigerated for up to
24 hours at +4.0°C or transferred to a vessel
containing boric acid preservative.

Urine dipsticks

The introduction of urine dipsticks with leucocyte

esterase and nitrite reagents has made an important

contribution to the earlier diagnosis of UTI.
NICE makes the following recommendations:

¢ Leucocyte esterase and nitrite both positive —
definite evidence of UTI. Antibiotic treatment
should be commenced.

e Leucocyte esterase negative, nitrite positive —
presumptive evidence of UTI. Antibiotic treat-
ment should be commenced and a urine sample
sent for culture.

e Leucocyte esterase positive, nitrite negative —
a urine sample should be sent for microscopy
and culture but antibiotic treatment should not
be commenced unless there is good clinical
evidence of UTI.

¢ Leucocyte esterase negative, nitrite negative —
negative result. Antibiotic treatment should not
be started. Nor is it necessary to send urine for
microscopy and culture.

A positive result for protein does not denote infec-
tion. A trace of proteinuria is a common finding
and is not a cause for concern. Heavier proteinuria
may, however, signify renal disease and referral to
a paediatric nephrologist should be considered if
the finding is confirmed on a further test.

Urine microscopy

When performed on a fresh uncentrifuged sample
of urine, microscopy can be very useful in facilitating
a prompt diagnosis. This is of particular impor-
tance in the acute situation when there is a need to
commence treatment without awaiting the results
of culture. Different techniques are available, but
results are generally expressed as absolute values or
counts per high-powered field. Significant pyuria
is defined as >10 WBC/mm?3. The concentration
of motile bacteria can also be quantified, with
107 bacteria per ml being deemed significant.
This figure corresponds to 8 organisms per high-
powered field. The interpretation of microscopy
findings is summarised in Table 4.2.
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Table 4.2 NICE guidelines on the interpretation of urine microscopy

Microscopy results Pyuria positive

Pyuria negative

Bacteriuria positive

Bacteriuria negative

The infant or child should be
regarded as having UTI
Antibiotic treatment should
be started if clinically UTI

The infant or child should be
regarded as having UTI

The infant or child should be
regarded as not having UTI

Urine culture

Provided the urine sample has been collected
without contamination, the criterion for the bacte-
riological diagnosis of urinary infection is a pure
growth of >10° bacterial colony-forming units
(CFUs) per ml. On the other hand, in specimens
obtained by suprapubic aspiration, any growth of
a Gram-negative organism is significant, as is a
growth of greater than >500-1000 Gram-positive
organisms. With the availability of sensitive
combination dipsticks, it has been questioned
whether urine culture is routinely necessary in all
cases. According to NICE guidelines, it is not
necessary when both leucocyte esterase and nitrite
dipstick results are positive. Although urine culture
may not be strictly necessary to confirm the
diagnosis of UTI, there is, nevertheless, a strong
argument for sending a urine specimen for culture
to identify the causative organism and establish its
antibiotic sensitivities. This procedure may be an
important consideration at a time when multiple
antibiotic resistance is becoming more prevalent.

Clinical presentation and
diagnosis

History and examination

It is important, to establish whether there is any
tamily history of urological abnormalities, particu-
larly VUR. The antenatal history is also impor-
tant, specifically whether any abnormality was
detected on antenatal ultrasound. In older, toilet-
trained children it should also be routine to
enquire about:

e voiding history (volume, frequency, stream,
urgency)

e fluid intake (volume, type)

e bowel habit.

Although physical examination is usually unreward-
ing, it should be routinely performed and include
the abdomen, genitalia, spine and lower limbs,
plus, in all cases, measurement of blood pressure.
This can be difficult in small children but all paedi-
atric outpatient departments should have the
appropriate equipment and paediatric blood
pressure cuffs.

Clinical features

Early diagnosis and prompt treatment of UTI
is important, but the presentation can be non-
specific and dependent on the nature of the infec-
tion and the age of the patient. Table 4.3
summarises the clinical features of UTI in children
at difterent ages. It is important to maintain a high
degree of suspicion and ensure that a urine sample
is collected and tested for infection in any child
with an unexplained fever exceeding 38.0°C.

In addition to age-related differences, the other
principal determinant of clinical presentation is
whether the child is suffering from lower or upper
urinary tract infection (Table 4.4).

Lower tract infection

The symptoms are typically those of cystitis,
with dysuria being almost universal. In addition,
urinary frequency is common and often associated
with secondary enuresis. By contrast, suprapubic
pain occurs comparatively rarely. There is no fever
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Table 4.3 Presenting features of UTI in children at different ages

Frequency Infant and toddler Older child
Common Fever Frequency
Irritability Dysuria
Vomiting
Lethargy

Less common

Uncommon Jaundice

Failure to thrive
Haematuria

Offensive urine
Poor feeding
Failure to thrive

Offensive urine
Incontinence
Abdominal pain

Fever

Vomiting
Haematuria
Loin tenderness

Table 4.4 Symptoms of urinary tract infections

Lower urinary tract Upper urinary tract

Frequency/nocturia Fever

Dysuria Vomiting
Secondary enuresis General malaise
Suprapubic pain Loin pain
Hesitancy Upper/central

abdominal pain

or any general malaise; indeed, many older
children are able to continue attending school
during the course of their illness.

Upper tract infection (pyelonephritis)

Fever is the most reliable clinical feature of upper
urinary tract infection and, indeed, it is doubtful
whether pyelonephritis ever occurs in its absence.
Although the fever associated with pyelonephritis
is usually high, any temperature exceeding 38°C
should be regarded as suspicious. In children who
have been admitted as emergencies or seen in
Accident and Emergency Departments, fever, or its
absence, is nearly always recorded but this is less
well documented in referrals from general practice.

In this context, the 2007 NICE guidelines state:

Infants and children who have bacteriuria and
tever of 38°C or higher should be considered
to have acute pyelonephritis/upper urinary
tract infection. Infants and children presenting
with fever lower than 38°C with loin
pain/tenderness and bacteriuria should also be
considered to have acute pyelonephritis/upper
urinary tract infection. All other infants and
children who have bacteriuria but no systemic
symptoms or signs should be considered to
have cystitis/lower urinary tract infection.

Other presenting features of UTI

The occurrence of haematuria is not in itself
indicative of the severity of the infection or of
its site. Haemorrhagic cystitis is the commonest
cause, although urinary tract calculi should be
suspected whenever the infecting agent is Proteus.
Stones may be present in the upper urinary tract
even in the absence of any constitutional symptoms.
In some boys referred with haematuria (with or
without documented infection), the history may
be one of postmicturition bleeding rather than
haematuria proper. This is usually due to urethritis.

Epididymo-orchitis is an occasional presenta-
tion of urinary infection in boys of all ages and
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should arouse suspicion of some predisposing
abnormality, such as urethral obstruction distal to
the ejaculatory ducts or a duplication anomaly
with the upper pole ureter draining ectopically into
an ejaculatory duct (see Chapter 7).

Neonates and infants

With few exceptions, the clinical presentation is
with a non-specific febrile illness, usually accompa-
nied by vomiting and quite often by diarrhoea.
Because there are many possible explanations for
this clinical picture, it is advisable to perform
appropriate dipstick analysis — or ideally send urine
for microscopy and culture in any infant with an
otherwise unexplained febrile illness. In practice,
however, obtaining a reliable sample for microscopy
and culture may be difficult. Other, rarer, non-
specific features of urinary infection in this age group
include failure to thrive (or frank weight loss) and
prolonged jaundice in neonates. The occurrence of
haematuria can occasionally serve as a sign of urinary
tract infection, which usually manifest as a blood-
stained nappy. In male infants, UTI occasionally
presents with epididymo-orchitis.

Children aged 2 years and older

Even as early as 2 years of age most children can
give some account of their symptoms and by 4
years, if not earlier, an accurate history can nearly
always be obtained. Furthermore, except when the
symptoms relate entirely to the upper renal tracts,
it usually becomes apparent from the history that
urinary infection is the likeliest diagnosis. Equally,
in the majority of cases it is possible to determine,
on clinical grounds, whether the infection involved
the upper urinary or the lower urinary tract.

Upper pain is
symptom of renal infection but it may be difficult
to distinguish this from the non-specific pattern
of central abdominal pain, which is a common
symptom in children. True loin pain is rare and, if
prolonged, with or without associated vomiting, is
more likely to signify urinary obstruction than
infection.

abdominal an occasional

Potential pitfalls and sources of
diagnostic confusion include:

e Fever, loin pain and dysuria in an older
child. This triad of urinary tract symptoms
associated with pyelonephritis can also be
mimicked by acute inflammation of a retrocea-
cal or pelvic appendix. In acute appendicitis, a
carefully taken history should reveal that any
pain on voiding is localized to the abdomen
rather than the urinary tract. Moreover, the
fever is usually lower in appendicitis than
pyelonephritis and the pain associated with
appendicitis 1s more likely to be provoked or
exacerbated by extension of the hip.

e Dysuria in the absence of other features of
UTI. Symptoms associated with vulvovaginitis
in young girls are not uncommonly ascribed to
UTI. Moreover, pyuria may be evident on urine
microscopy. Whereas urine culture is generally
negative, it may reveal a mixed growth of organ-
isms. From the history it should be possible
to distinguish between localized symptoms of
dysuria due to vulvovaginitis and dysuria, which
is included as part of a broader clinical picture of
genuine lower urinary tract infection.

e Likewise, dysuria associated with balanitis may
be confused with UTI in boys.

Investigation:
diagnostic imaging

Established protocols and previous guidelines
have been increasingly questioned on the grounds
that they have resulted in overinvestigation of
children with lower tract infections and are not
cost-effective.

Whereas the rationale for new guidelines is
widely accepted, it nevertheless remains likely that
the majority of paediatric clinicians (including
paediatric urologists) will continue to advise that
all children presenting with proven urinary infec-
tion should undergo some form of investigation.
However, it is important to adopt a selective
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Table 4.5 Strengths and weaknesses (‘pros and cons’) of the different imaging modalities available

for the investigation of UTI in children

Investigation

Pros

Cons

Renal ultrasound with
postvoid bladder views

DMSA

Indirect cystogram
(MAGS3)

Contrast micturating
cystourethrogram (MCUG)

Detects dilatation and
allows measurement of
renal size

Detects major scarring
Provides information on
bladder dysfunction
Visualises calculi

Cheap and well tolerated

Most sensitive test for renal
scarring and differential
function

Detects reflux during
normal voiding

Provides differential renal
function

Avoids the need for
urethral catheterisation

Most reliable test for
detection of reflux
Excludes urethral and other

Poor at detecting scarring or
reflux
Operator dependent

Relatively expensive and
time consuming
Requires IV cannulation

Child must be cooperative
and potty trained

Misses low-grade reflux
Requires IV cannulation

Requires urethral
catheterisation and incurs
exposure to radiation

bladder pathology

approach which avoids submitting normal children
to unnecessarily invasive and costly investigations
while at the same time identifying those children
who have significant abnormalities such as reflux
and renal scarring.

The technical aspects of the most widely
used investigations — ultrasonography, dimercap-
toruccinic acid (DMSA) scintigraphy, micturating
cystourethrography (MCUG), indirect isotope
cystography — are considered in Chapter 3.

The strengths and weaknesses of the different
imaging modalities are summarised in Table 4.5.

Ultrasonography

Ultrasonography is non-invasive and entails no
exposure to radiation. Consequently, it represents
the ideal initial screening procedure and should be
undertaken in all cases. Ultrasonography reliably

detects obstructive and non-obstructive urinary
tract dilatation, major degrees of renal scarring or
dysplasia, most urinary calculi and almost all clini-
cally significant duplication anomalies. Other,
more subtle, indicators of pathology detected by
ultrasonography include disparity in renal size
(>1 cm difference in length measurement), abnor-
malities of renal echo-texture and distal ureteric
dilatation suggestive of VUR.

Because false-positive results are rare, all children
tound to have any of these abnormalities should
be investigated further. Ultrasonography is also
of value in detecting evidence of voiding dysfunc-
tion (bladder wall thickening, significant residual
urine).

When an abnormality has been revealed by
ultrasonography, the choice of further imaging is
guided by a combination of factors, including the
nature of the abnormality detected on ultrasound,
the severity of infection (upper or lower tract) and
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Table 4.6 Clinical features which merit further investigation (including those identified by NICE as

denoting ‘atypical’ infection)

Family history of VUR and/or renal scarring
Poor urinary stream

on ultrasound)
Raised creatinine

Infection with organisms other than E. coli

Severe infection with systemic symptoms indicating upper tract infection (pyelonephritis)

Palpable bladder or other abdominal mass (although these will generally be evident as abnormalities

Failure to respond to treatment with suitable antibiotics within 48 hours

Age — although this is a weak discriminator, it is a factor when considering further investigation in

view of the greater susceptibility of infants and young children to renal scarring. Most paediatric
urologists would continue to advise further investigation in boys presenting with UTI in the first 6
months of life, more with a view to the detection of reflux than urethral obstruction (which usually

gives rise to detectable abnormalities on ultrasound)

¢ Recurrent infection, defined by the NICE guidelines as:
— two or more episodes of UTI with acute pyelonephritis/upper urinary tract infection, or
— one episode of UTI with acute pyelonephritis/upper urinary tract infection plus one or more episodes

of UTI with cystitis/lower urinary tract infection, or

— three or more episodes of UTI with cystitis/lower urinary tract infection

the age of the child. The most widely used investi-
gations are DMSA (and MCUG if VUR is
suspected) or mercaptoacetyltriglycine (MAG3) in
the case of suspected upper tract obstruction.

In the majority of cases, however, ultrasonogra-
phy is normal, in part because of the high false-
negative rates in the detection of renal scarring and
mild to moderate reflux. For example, grade III
VUR is associated with a false-negative rate of
25-50%, whereas renal scarring is missed on ultra-
sound in 15-45% of cases.

The most controversial aspects of diagnostic
imaging therefore relate to children with urinary
infection whose ultrasound findings are normal.

Indications for further imaging

The 2007 NICE guidelines advocate a far more
limited use of DMSA and MCUG than was
practised previously. For example, according to
the NICE guidelines, DMSA and MCUG are no
longer routinely indicated for infants under 6
months of age whose urinary infection ‘responds
well to treatment within 48 hours’.

Likewise, for children in the age range 6 months
to 3 years with normal ultrasound findings the
NICE guidelines recommend that DMSA should
be reserved for those with recurrent or ‘atypical’
UTTs, as defined by the criteria listed in Table 4.6.

However, many children are treated initially
with antibiotics in a community setting and it may
be difficult to establish in retrospect whether their
UTI was accompanied by fever or not. Similarly,
when children are seen for the first time as out-
patients it may not be apparent from the informa-
tion accompanying the referral whether their UTI
‘responded well to treatment within 48 hours’.
Ultrasound is not a sensitive test for renal scarring
in young children and it has been argued by the
critics of the guidelines that without a DMSA scan
many children with scarring and underlying VUR
will be missed. However, the guidelines do envis-
age an MCUG for younger children in whom there
is evidence of dilatation on ultrasound, a family
history of VUR or a non-E. coli infection.

For urologists, perhaps the most contentious
aspect of the NICE guidelines relates to the
imaging schedule for children aged 3 years and
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upwards which makes no provision for an MCUG,
even for children with recurrent or ‘atypical’ UTIs.
In view of the well-documented failings of ultra-
sound as a means of detecting low-to-moderate
grade VUR, it is evident that many children
with these grades of VUR will be missed on the
imaging protocol recommended by NICE. Does
this matter? Although the risk of new scarring
is admittedly low in children aged 3 years, it
undoubtedly occurs. Moreover, scarring is not
the only factor of importance when considering
possible investigation for VUR. Children whose
VUR is associated with urinary infection may
experience recurrent episodes of symptoms and ill
health which interferes with schooling and gener-
ates considerable anxiety within the family. For
these reasons, it seems likely that the majority
of paediatric urologists will continue to consider
an MCUG for older children experiencing recur-
rent symptomatic UTIs since the information
on whether or not they have reflux is clinically
relevant to the management options, particularly
endoscopic correction.

Some suggested imaging protocols incorporat-
ing modified NICE guidelines are illustrated in
Figures 4.2a, 4.2b and 4.2c.

Management

Initial management

Older children and those with mild to moderate
UTI are mostly treated by their general practi-
tioner in the first instance and then referred subse-
quently for investigation on an outpatient basis.
However, the NICE guidelines recommend that
infants under 3 months of age and older children
with a clinical picture of pyelonephritis should be
referred promptly to a paediatric specialist.

For infants under 3 months of age and for older
children with presumed pyelonephritis (the groups
at particular risk of renal scarring) treatment
usually comprises an intravenously administered
antibiotic such as cefotaxime or ceftriaxone. The
NICE guidelines recommend intravenous (IV)
antibiotics for 2—4 days followed by an oral anti-
biotic for a total duration of 10 days. If an
aminoglycoside such as gentamicin is used, it is
important to monitor blood levels.

Alternatively, oral antibiotics may be considered
(e.g. a 7-10-day course of cephalosporin or co-
amoxiclav) depending upon the severity of the
clinical picture.

Ultrasound

|

|

Abnormal

|

Normal

|

Appearances of PUJ Pelvicaliceal dilatation Afebrile/lower Febrile or
obstruction/duplex kidney, etc.  and/or ureteric dilatation tract ‘atypical’ UTI
and/or bladder abnormality UTI

MAG3 MCUG No additional
DMSA, DMSA imaging but MCUG
MCUG, as MCUG and DMSA
appropriate DMSA if

further UTI

Figure 4.2a

Imaging protocol incorporating modified NICE guidelines for infants aged 0-6 months.
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Ultrasound
Abnormal Normal
Appearances of PUJ Pelvicaliceal dilatation Afebrile/lower tract Febrile or
obstruction/duplex kidney, etc.  and/or ureteric dilatation UTI ‘atypical’ UTI or
and/or bladder abnormality recurrent UTls
MAG3 MCUG No additional
DMSA, DMSA imaging but DMSA
MCUG, as DMSA if further |
appropriate UTls. MCUG
depending upon Abnormal Normal
result of DMSA
No additional
imaging but
consider
MCUG <—— MCUG if
further UTIs

Figure 4.2b Imaging protocol incorporating modified NICE guidelines for young children aged 6 months to
3 years.

Ultrasound
Abnormal Normal
Appearances of PUJ Pelvicaliceal dilatation Afebrile/lower Febrile or atypical UTI or
obstruction/duplex kidney, etc.  and/or ureteric dilatation tract recurrent UTls. Consider
and/or bladder abnormality uTl DMSA, depending on age
l l and clinical features
MAGS3 MCUG No additional l
DMSA, DMSA imaging but DMSA
MCUG, as consider DMSA |
appropriate and/or MCUG if ’ ‘
further UTls Abnormal Normal
No additional
imaging.
Consider
MCUG <—— MCUG if
further UTls

Figure 4.2c Imaging protocol incorporating modified NICE guidelines for children aged 3 years and upwards.
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An early ultrasound scan is advisable in all
children admitted to hospital since they may have
an abnormality needing urgent drainage before the
infection can be brought under control. Examples
include upper tract obstruction complicated by
pyonephrosis for which percutaneous nephros-
tomy is required or, rarely, infravesical obstruction
requiring percutaneous suprapubic catheterisation.

Oral antibiotics are the first-line treatment
for afebrile, lower urinary tract infection after
the age of 3 months. Although the NICE guide-
lines advocate a course of an agent such as
trimethoprim, cephalosporin, nitrofurantoin or
amoxicillin limited to 3 days, many clinicians still
favour a longer course. The antibiotic should be
switched to a more appropriate alternative if this is
indicated by the results of sensitivities obtained
from the MSU.

Longer-term management

In a small number of children investigations will
identify a significant urinary tract abnormality
requiring surgical intervention or other ongoing
management. However, the majority of children
do not fall into this category and most do not
require routine urological follow-up. Nevertheless,
some children, predominantly girls, are troubled
by recurrent UTIs despite the absence of any
underlying urological abnormality. For these children
it is essential to identify and treat any predisposing
factors, of which dysfunctional voiding is by far
the most important (see Chapter 12). The role of
constipation is more difficult to define, but there is
undoubtedly an association between these two
‘elimination disorders’.

Treatment is aimed at establishing a routine
of regular and complete voiding coupled with
measures designed to break the cycle of ‘holding
back’ in children who also have habitual constipa-
tion. Even in the absence of VUR, a period of
antibiotic prophylaxis may be helpful in breaking
the cycle of infection and allowing the bladder to
settle down.

Other conservative measures

The parents of children with recurrent UTI are
very keen to do whatever they can to prevent
turther infections. In recent years cranberry juice
has become increasingly popular as prophylaxis
against infection and although robust evidence
demonstrating its effectiveness in children is
lacking, some benefit has been shown in adult
women. Probiotic yoghurts have also increased
in popularity and, while there is little in the way
of scientific evidence supporting their use,
anecdotally they do seem to be effective in some
children. If parents do opt for these alternative
therapies, this should not be at the expense of the
three most important measures — increased fluid
intake, treatment of constipation and, most
importantly, treatment of voiding dysfunction to
improve the frequency and effectiveness of

bladder emptying.

Key points

e Urinary tract infection is one of the
commonest disorders of childhood
and many more children with
relatively asymptomatic lower tract
urinary infections are now being
referred for investigation than
in the past.

e Care is needed to obtain an
uncontaminated urine sample for reagent
dipstick testing and microscopy
and culture whenever possible.

e |t is important to confirm the
diagnosis of urinary infection before
submitting a child to any investigation
more invasive than ultrasonography.

e Ultrasonography is the investigation
of first choice, but it is not a sensitive
test for detecting vesicoureteric reflux
and scarring.
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Further investigation is indicated if
the initial ultrasound scan reveals an
abnormality of the urinary tract. The
choice of further imaging tests is
guided largely by the ultrasound
appearances.

Further investigation (to look
primarily for vesicoureteric reflux
and/or renal scarring) may also be
justified despite normal ultrasound
findings. The indications for further
investigation and the choice of
imaging are determined by the

age of the child, severity of

infection and factors such as

family history.

Dysfunctional voiding is an important
factor predisposing to lower tract
urinary infection in girls with normal
urinary tracts. Management should be
directed towards improving voiding
function and treating constipation
when present.
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Vesicoureteric reflux
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Topics covered

Aetiology and genetic basis of reflux
Reflux nephropathy

Clinical features

Introduction

Reflux can be defined as the retrograde flow
of urine within the upper urinary tract. Whereas the
term is often used synonymously with vesicoureteric
reflux (VUR), it can also occur at the level of the
renal papilla — intrarenal reflux (IRR).

VUR is not a single pathological entity; rather,
it represents a pattern of disordered function which
has difterent causes, exhibits varying patterns of
natural history and has a broad spectrum of clini-
cal significance.

When complicated by urinary tract infection
in childhood, VUR is an important cause of
symptomatic ill health, which, if undiagnosed and
untreated can result in failure to thrive. In the
longer term, renal scarring (reflux nephropathy)
poses threats of late morbidity which include
hypertension, complications of pregnancy, renal
impairment and end-stage renal failure.

During the last two decades the conventional
management of VUR has been based upon exper-
imental and clinical studies undertaken in the
1970s and early 1980s. More recently, some of the
accepted principles of management have been
challenged by the findings of newer studies and the
introduction of new treatment modalities. After a
period of two or three decades which saw a broad
consensus on the investigation and management of
VUR, this common urological condition of child-
hood is once again generating controversy.

Investigation; diagnostic imaging

Conservative management

Endoscopic correction and other surgical options
Current controversies

The aim of this chapter is to summarise what is
known of the aetiology, pathophysiology and natural
history of VUR and to provide an overview of
current thinking on the clinical management. In
addition, it will highlight some of the current
controversies and areas of research.

Aetiology of
vesicoureteric reflux

The anatomy of a normal vesicoureteric junction
provides a valvular mechanism which prevents
the retrograde flow of urine into the upper tract,
even at increased pressure during voiding. The
terminal ureter transverses the bladder wall and
runs in a submucosal tunnel to open on the trigone.
This anatomical arrangement imparts a flap-valve
mechanism in which the intramural and submu-
cosal portions of the distal ureter are compressed
against the backing of the detrusor muscle by the
pressure of urine within the bladder. The compe-
tence of this passive flap-valve mechanism may be
reinforced at the time of voiding by active elonga-
tion of the intravesical ureter within a Waldeyer’s
sheath. In addition, there is experimental evidence
to suggest that concentric contraction of smooth
muscle within the distal ureteric wall may confer a
turther active protection against reflux.

In children with significant primary VUR, the
ureteric orifice is characteristically located laterally
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on the base of the bladder rather than in the
normal anatomical position on the trigone. The
resulting length of intramural and submucosal
ureter is shorter, creating a deficiency of the flat-
valve mechanism. Both the absolute and relative
lengths of the submucosal tunnel tend to increase
with age, thus accounting for the spontaneous
resolution of VUR.

Ureteric duplication provides a clear example of
the role of the ureteric bud as a crucial determinant
of the position of the ureteric orifice and the
potential for reflux.

Classification of
vesicoureteric reflux

Reflux has been traditionally classified into primary
and secondary VUR.

Primary VUR

This form of VUR is due to an anatomical abnor-
mality of the vesicoureteric junction, which results
in weakness of the normal flap-valve antireflux
mechanism described above.

Secondary VUR

The term secondary VUR describes VUR associ-
ated with abnormal bladder function and elevated
intravesical pressure due to conditions such as
neuropathic bladder (Figure 5.1) and posterior
urethral valves. Secondary VUR has a tendency to
resolve when bladder pressures are restored to
more physiological levels: for example, after bladder
augmentation for neuropathic bladder or follow-
ing resection of posterior urethral valves.

VUR and voiding dysfunction

It is now apparent that the traditional distinction
between primary and secondary VUR was oversim-
plistic. Non-neuropathic bladder dysfunction is
now thought to play a significant role in the
actiology of many instances of so-called ‘primary
VUR (Figure 5.2). This is particularly true of girls

Figure 5.1
ances of reflux associated with trabeculated neuro-
pathic bladder in a child with spina bifida.

Secondary reflux. Characteristic appear-

with low-grade VUR in whom voiding dysfunction
(characterised by detrusor instability or detrusor—
sphincter dyssynergia) is coupled with ‘borderline’
competence of the ureterovesical junction. Typically,
these girls present with daytime wetting and
urinary infection (Figure 5.3).

The aetiology of high-grade primary VUR in
infant boys, which had previously been regarded as
a purely anatomical abnormality, has been called
into question by the findings of urodynamic
studies revealing markedly elevated intravesical
pressures. Moreover, appearances of increased
bladder wall thickness on ultrasound and subtle
radiological abnormalities in the urethra have also
been invoked as possible evidence of transient
intravesical obstruction in utero.

There is growing evidence of a two-way interac-
tion between VUR and bladder function in some
patients with high-grade reflux. At the time of
voiding, large volumes of urine reflux into the
capacious dilated upper tracts, thus impairing the
efficiency of bladder emptying. Urine which has
refluxed into the upper tracts then returns to the
bladder to refill it almost immediately after
voiding. In these circumstances, it is very difficult
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Laterally sited
ureteric orifice

Short submucosal tunnel |

Detrusor/sphincter
dyssynergia

Raised intravesical pressure

Figure 5.2 The balance between functional and anatomical factors in the aetiology of VUR.

Figure 5.3 Micturating cystourethrogram illustrating
the importance of bladder dysfunction in the aetiology
of ‘primary’ VUR. Five-year-old girl presenting with
wetting and recurrent UTIs. No neurological abnor-
mality. MCU demonstrates low-grade right VUR, fine
trabeculation and probable sphincter—detrusor dyssyn-
ergia. Good response to antibiotic prophylaxis, anti-
cholinergic and voiding regimen.

for the bladder to function eftectively as a storage
organ. Evidence is emerging to indicate that
successful correction of the reflux can result in
marked improvement in voiding function in some
of these patients.

Incidence and genetic factors

Our knowledge of the incidence of VUR dates
largely from studies undertaken in healthy children in
the 1950s and 1960s which identified an incidence of
1-2% in the general paediatric population.

The familial component of VUR is well recog-
nised. VUR can be demonstrated in more than
30% of the infant siblings of children with
known VUR, and in up to 50% of the offspring
of affected parents.

The mode of inheritance remains unclear but the
high incidence of VUR in siblings and patterns of
vertical transmission have previously been inter-
preted as evidence of autosomal dominant inheri-
tance with variable penetrance.

Despite the widely accepted genetic basis of VUR,
disappointing progress has been made in identifying
the causative gene(s). Although mutation of the PAX?2
gene has been identified in some familial cases of
VUR linked to a syndrome characterised by optic
nerve defects, screening studies for P4X2 mutations in
children with non-syndromic VUR have yielded
uniformly negative results. Likewise, screening studies
in patients with primary VUR have failed to identify
any evidence of mutations of other putative genes
such as AGTR2 or UP3.
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Nevertheless, some valuable insights are emerg-
ing from genetic research. For example, a major
research programme in Dublin has identified
evidence of an X-linked form of familial VUR.
Moreover, familial VUR in boys appears to carry a
higher risk of congenital renal damage than girls,
regardless of grade of reflux.

This is a rapidly changing area of research but
current knowledge suggests that most instances of
familial VUR result from the interaction of multiple
genes rather than an isolated single gene mutation.

Gender differences

Important differences in the aetiology, natural
history and presentation of VUR between boys
and girls are summarised in Table 5.1.

Reflux nephropathy

Aetiology of reflux nephropathy
Infective

The experimental work published by Hodson and
by Ransley and Risden in the 1970s identified

Table 5.1 Summary of gender-related differences
in vesicoureteric reflux between males and females

Female

Presents clinically — usually with urinary infection
Peak incidence in early to mid-childhood — age
2-7 years

VUR generally low grade, i.e. grades I-lll
Functional factors important in aetiology:
dysfunctional voiding, detrusor instability,
constipation

Male

Presents clinically or detected prenatally
Clinical presentation usually in infancy or early
childhood — 0-2 years

Often moderate to high-grade VUR, i.e. grades
-V

Anatomical factors important in aetiology (+
intrauterine bladder dysfunction???)

the role of IRR in the aetiology of infective scarring.
Whereas the conical outline of the normal renal
papilla prevents the reflux of urine into the
parenchyma from the collecting system, morpho-
logically abnormal ‘compound’ papillac permit
IRR. In the presence of VUR and lower tract infec-
tion, organisms are transported to the renal collect-
ing system and parenchyma, where pyelonephritis
and scarring ensue if the infection remains
untreated. Fimbriated strains of Echerichin coli are
particularly virulent because of their ability to
adhere to urothelial surface receptors.

It is important to recognise, however, that while
most renal scarring is associated with VUR, the
appearances of postinfective scarring can occasion-
ally be seen in children with no evidence of VUR.
In such cases, it is assumed that either VUR was
present previously but subsequently resolved or,
alternatively, that scarring resulted from the occur-
rence of pyelonephritis (possibly by blood-borne
infection) in a non-refluxing system.

Acquired renal scarring may coexist with pre-
existing congenital renal damage. But once infec-
tion has supervened, it becomes virtually
impossible to determine the relative contributions
of congenital and acquired renal components,
except in those cases which come to nephrectomy.

Congenital

The prenatal detection of VUR provides an oppor-
tunity to study patterns of renal damage in infants
and children (predominantly males with high-
grade VUR) whose kidneys have never been
exposed to infection. Sibling screening provides a
further valuable means of investigating congenital
reflux nephropathy.

The findings of these studies, coupled with
other recent evidence, can be summarised as
follows:

o Severe renal damage (renal dysplasia) is
predominantly a feature of grade V reflux and is
probably a consequence of faulty interaction
between the ureteric bud and the metanephric
blasphema (Figure 5.4).
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Figure 5.4 DMSA scan at around 1 month of age
in an infant with unilateral grade V reflux detected
prenatally; 9% differential function in the affected
kidney. No urinary infection prior to DMSA imaging.

e Lesser degrees of congenital renal damage tend
to take the form of global reduction in function-
ing renal tissue (renal hypoplasia) rather than
focal scarring.

e The development of mild to moderate renal
scarring appears to be mainly dependent on
urinary tract infection.

e By contrast, congenital factors play a greater
role in severe scarring, which is seen predomi-
nantly in conjunction with high-grade reflux,
particularly in males.

Aetiology of Reflux Nephropathy:
implications for management

Although a detailed review of the evidence is
beyond the scope of this chapter, the key points
can be summarised as follows:

e Reflux of sterile urine at physiological voiding
pressures does not result in renal scarring and
does not impede renal growth.

e The occurrence of pyelonephritis and develop-
ment of renal scarring are not always related
to VUR. In most instances, however, acquired
renal scarring is the consequence of sympto-
matic upper tract infection associated with
VUR and IRR.

e Renal scarring occurs maximally after the first
episode of pyelonephritis (Ransley’s ‘big bang’
hypothesis).

o The risk of renal scarring is greatest in infancy
and early childhood.

e Conversely, the risk of infective scarring
decreases significantly beyond the age of 4 years,
although a small risk persists throughout child-
hood.

e Pyelonephritis is more likely to give rise to focal
scarring of mild to moderate severity, whereas
gross functional impairment is more commonly
congenital in origin.

¢ To pose a risk of renal scarring, urinary infection
must be sufficiently severe to give rise to
symptomatic  pyelonephritis.  Asymptomatic
bacteriuria, a relatively common finding in older
girls, does not give rise to renal scarring.

e The bulk of infective scarring has already
occurred when children are first diagnosed
and are referred for investigation. Although
fresh scars can develop thereafter, the risk is
low providing surveillance is maintained and
turther infections do not go unrecognised or
untreated.

Clinical significance
of reflux nephropathy

Renal tissue which is congenitally dysplastic or has
been scarred by pyelonephritis becomes non-
functioning and, when extensive, results in signifi-
cantly reduced overall renal functional reserve.
Reflux nephropathy accounts for 22% of cases of
end-stage renal failure in children and young people
in the UK.

Even when renal damage is not sufficient to
result in end-stage renal failure, long-term studies
have demonstrated significant reduction in glomeru-
lar filtration rate (GFR) in individuals with bilat-
eral scarring dating from childhood. Hyperperfusion
and hyperfiltration damage in the remaining non-
scarred tissue are believed to be the mechanisms
largely responsible for progressive deterioration,
leading to chronic renal failure.

The reported incidence of hypertension attribut-
able to reflux nephropathy varies from less than
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5% in paediatric studies to 25-40% in some late-
outcome studies. However, it should be noted
that the long-term studies have mostly looked at
the outcome of patients who experienced severe
urinary infections in childhood at a time when
scarring was assessed by intravenous urography
(IVU). It seems unlikely that the more subtle scars
which can now be identified by the more sensitive
modality of dimercaptosuccinic acid (DMSA)
imaging will carry a comparable long-term risk of
hypertension.

In one large UK study of children with hyper-
tension, reflux nephropathy was the most common
single cause, accounting for 14% of cases. For an
individual child with evidence of renal scarring, the
risk of progressing to renal failure is difficult to
quantify, but is currently likely to be substantially
less than the figure of 0.1% historically quoted in
the literature.

Presentation of
vesicoureteric reflux

Symptomatic

Symptomatic urinary tract infection (UTI)
remains by far the commonest form of clinical
presentation. The incidence of VUR in children
undergoing investigation for UTIs is traditionally
quoted as around 30%. However, this figure dates
from a time when children being referred for inves-
tigation tended to have infections at the more
severe end of the spectrum. Nowadays, the increased
awareness of UTI amongst general practitioners,
coupled with the availability of simple sensitive
diagnostic reagent stick tests, has resulted in far
larger numbers of children being diagnosed with
mild, predominantly lower tract infections.

It would be difficult to document the incidence
of VUR in children currently being diagnosed
with UTI because the indications for micturating
cystourethrography (MCU) are far more selective.

Pain is not generally regarded as a symptom
of primary VUR. However, loin pain is a well-
recognised feature of pyelonephritis and the

occurrence of pain may also signal the presence of
secondary pelviureteric junction obstruction or
some other complicating factor.

VUR occasionally comes to light for the first
time in individuals presenting with renal insuffi-
ciency and/or hypertension who have little, if
any, history of urinary infection. Congenital
nephropathy and renal dysplasia are the most likely
explanations in this situation.

Asymptomatic

The term ‘prenatally diagnosed VUR describes a
diagnostic sequence in which prenatally detected
dilatation of the fetal urinary tract leads to postna-
tal investigations which may include MCU.

Primary VUR (usually of moderate to high
grade) accounts for 15-20% of clinically signifi-
cant prenatally detected uropathies. Published
reports of prenatally detected VUR have consis-
tently identified a predominance of males, with a
male to female ratio of around 5 to 1.

Asymptomatic VUR also comes to light during
the course of sibling screening. Data derived from
159 families with known familial reflux demon-
strated that sisters of index female patients had a
significantly higher incidence of reflux than broth-
ers of female patients. The Dublin group also found
that when reflux occurred in brothers, it tended to
be high grade and carried a greater risk of congen-
ital renal damage.

Investigations

The investigations of urinary tract infection are
described in more detail in Chapters 3 and 4. The
tollowing diagnostic considerations apply specifi-
cally to VUR.

Ultrasound

Although non-invasive, ultrasound has a high
false-negative rate when used as the first-line test
for the investigation of urinary infections in
children. Comparing ultrasound and MCU in 272
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Figure 5.5

(b)

(a) DMSA scan demonstrating renal scarring with patchy cortical damage to the left kidney on initial

investigation of a child presenting with urinary infection. (b) DMSA demonstrating bilateral focal scarring in a boy
with bilateral VUR and a history of recurrent pyelonephritis. Differential function: 51% left; 49% right. Differential
function is an unreliable guide to individual kidney function in the presence of symmetrical renal damage.

refluxing units, one large American study found
normal ultrasound appearances in 201 (74%). Of
the refluxing units missed on ultrasound, 28%
were grade ITII VUR or higher.

DMSA

DMSA is the most sensitive modality for visual-
ising scarring and quantifying differential renal
function (Figure 5.5a and b). It is not, however, a
test for VUR per se. Indeed, as a means of
indirectly identifying children with VUR, the
sensitivity of DMSA is less than 50%. In practice
this high false-negative rate may not be too impor-
tant since there is growing evidence that VUR
associated with normal DMSA findings is gener-
ally low-grade reflux with a high spontaneous
resolution rate. Moreover, there is also some
evidence to suggest that kidneys exposed to VUR
which nevertheless appear normal on the initial
DMSA scan are less susceptible to scarring.

Micturating cystourethrography

Although invasive, the conventional radiologi-
cal contrast study remains the gold standard
investigation for the diagnosis and evaluation of
VUR. It permits accurate grading of the severity
of VUR, which is important when assessing
prognosis and planning treatment. The most
widely used grading system is the one devised
by the International Reflux Study Committee
(Figure 5.6).

Unlike indirect isotope cystography, MCU
permits anatomical visualisation: for example, of
the male urethra, bladder trabeculation, para-
ureteric diverticula, etc.

The role of the MCU in follow-up is controver-
sial, but as a rule this invasive investigation should
only be performed if the findings are likely to influ-
ence management. An MCU need not be
performed routinely after ureteric reimplantation,
since this is an operation with a uniformly high
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Figure 5.6 Grades of reflux (International Reflux
Study Committee classification). Grade |[: into
ureter only; grade Il: to upper tract (pelvic calyces),
no dilatation; grade Ill: mild to moderate dilatation
but minimal blunting of calyces; grade IV: moderate
dilatation, loss of angles of fornices, papillary
impressions in calyces still present; grade V: gross
dilatation and tortuosity, and the impressions of
papillae no longer visible.

success rate. Likewise, an MCU is not required
before discontinuing prophylaxis in children who
have been well and infection free.

Indirect micturating
cystourethrography

This investigation, which utilises intravenously
injected mercaptoactyletriglycine (MAG3), is less
invasive than a contrast study since it does not
require urethral catheterisation. However, it does
entail the need for intravenous injection and
exposure to radiation, albeit of a lower dosage than
an MCU. The technique is best suited to children
who have acquired bladder control and, conversely,
is of much more limited value in infants and young
children — the age group at the greatest risk of
infective renal scarring. A further drawback is that
indirect cystography is considerably less sensitive
than a contrast MCU for the detection of low-
grade VUR.

The main role of indirect cystography is
therefore as a follow-up investigation, particu-
larly in older children.

Intravenous urography

Intravenous urography (IVU) is rarely performed,
having been superseded by DMSA for the visuali-
sation of renal scarring.

Videourodynamics

Videourodynamic investigations have been used
for research studies and have demonstrated urody-
namic evidence of voiding dysfunction in up to
50% of girls with low to moderate grade VUR. In
routine clinical practice, however, there is little
place for urodynamics except, perhaps, in cases
associated with neuropathic bladder dysfunction.

Sibling screening

It would clearly be desirable to look for VUR in
the siblings of children with known VUR and the
offspring of affected parents. In practice, however,
routine screening is limited by the lack of a reliable
non-invasive screening test. Ultrasound has a high
false-negative rate; indirect nuclear cystography is
unsuited to use in young infants; and contrast
micturating cystography is an invasive investiga-
tion which carries a risk of morbidity in this age
group. Ideally, the options, benefits and potential
drawbacks should be discussed with parents of
siblings of children with known VUR.

Despite limited sensitivity for the detection of
low or moderate grades of VUR, ultrasound is a
reasonable first-line screening test. If this is negative
or if parents opt to forego screening, it is impor-
tant that they and the general practitioner are
aware of the importance of checking an MSU
promptly if there is any suspicion of UTI or
unexplained febrile illness. Screening is most
worthwhile in the first year of life but, conversely,
serves little useful purpose in siblings who are
already beyond the age of 5 years.

Management of VUR

The rationale for medical or ‘conservative’

management is based on the evidence that sterile
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Table 5.2 Distribution of grades of reflux and
spontaneous resolution for each grade in 844
refluxing ureters. Data from the Children’s
Hospital National Medical Centre, Washington.
Skoog SJ, Bellman AB, Majd M, 1987

Distribution of Spontaneous

Grade of different grades resolution rate
reflux of reflux (%) for each grade (%)
| 7 83

Il 53 60

11 32 46

\Y 6 9

\Y 2 0

VUR does not give rise to renal scarring, coupled
with the well-documented tendency for mild
or moderate VUR to resolve spontaneously
(Table 5.2).

Conservative or ‘medical’
management

The conventional approach to medical manage-
ment comprises:

e Continuous antibiotic prophylaxis: typically,
trimethoprim 1-2 mg/kg/day, usually as a single
night-time dose.

e Urine surveillance: the availability of reagent
strips which test for nitrites and leucocytes
make it much easier for parents or general
practitioners to make a provisional diagnosis.
Nevertheless, wherever possible, a freshly
collected midstream urine (MSU) specimen
should be examined by microscopy and
culture.

e Treatment of any underlying bladder
dysfunction: a regular voiding regimen,
including double voiding where there is
evidence of significant postvoid residual
on bladder ultrasound. Anticholinergics,

e.g. oxybutynin, should be considered if
there are symptoms suggesting detrusor
instability.

e Treatment of constipation: similar to other
forms of habitual constipation; i.e. a regimen
comprising a faecal softener and a laxative,
with the dosage titrated against the child’s
response.

e Commitment: medical management should not
be confused with benign neglect. Parental
commitment is vital to ensure compliance with
the medical regimen. Older children must be
motivated to modify their voiding habits to
correct voiding dysfunction. Effective arrange-
ments are needed to ensure that urine samples
are collected and examined promptly to facili-
tate diagnosis and treatment of breakthrough
infections. If this commitment is lacking or the
necessary level of primary healthcare support is
not available, surgical intervention may be
preferable.

Controversies surrounding
medical management

Although the pattern of medical management
described above has been the mainstay of treat-
ment since the 1970s, it is being increasingly
challenged. A number of well-designed studies are
underway or are planned to address a number of
important questions. For example:

e What is the most effective regimen for
administering antibiotic prophylaxis -
continuous treatment with a single agent
or alternating courses of two antibiotic agents?

e Does continuous prophylaxis have any
advantage over treatment of individual infec-
tions as and when they occur? At least one
randomised prospective controlled study failed
to demonstrate a difference in the number of
UTIs experienced by girls on prophylaxis
compared with those who were not.

e What is the optimum duration of prophy-
laxis? (There is already a trend to earlier cessation
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of prophylaxis — particularly in boys once they are
out of nappies and have achieved bladder
control.)

¢ Can endoscopic treatment now be regarded as
a reasonable first-line alternative to medical
management in children with low to moder-
ate grades of VUR? Although low to moderate
grade VUR has a high tendency to resolve
spontaneously, it is also the case that these grades
of VUR can usually be corrected with a single
endoscopic injection. Opinion remains divided.

e Finally comes the contentious question — is
there any benefit in treating VUR at all?
This viewpoint cites evidence that severe
reflux-related renal damage is largely congen-
ital, and thus not amenable to treatment.
Moreover, the low rate of new scars in
children on follow-up can be advanced as
evidence that most infective scarring has
already occurred and that any further inter-
vention is a waste of time.

These arguments can be countered by the
large body of clinical and experimental evidence
indicating that pyelonephritis does indeed cause
renal scarring. Moreover, sibling studies have
found a significantly higher incidence of renal
damage in index patients (those whose VUR came
to light following infection) compared with their
infant siblings whose VUR has been detected by
screening (i.e. before the occurrence of infection).

This finding can be interpreted as evidence that
acquired infective damage is not uncommon.

Finally, the theoretical arguments for ignoring
VUR tend to focus on renal scarring and renal
failure, while ignoring the impact of recurrent
infection and ill health on schooling and well-
being of affected individuals in childhood.

Indications for
surgical intervention

Indications for surgery are relative rather than
absolute and fall into three broad categories:

Functional

The occurrence of symptomatic breakthrough
infection despite medical management represents
the most common indication to proceed to surgi-
cal intervention. The options are endoscopic treat-
ment or ureteric reimplantation.

Anatomical

VUR that occurs in conjunction with abnormali-
ties such as paraureteric diverticulum or ureteric
duplication has a lower tendency to resolve than
uncomplicated primary reflux. Nevertheless, the
presence of VUR into the lower pole of a duplex
system is not an automatic indication for surgical
intervention. High-grade reflux (grade IV or V),
which is associated with significant functional
impairment in the ipsilateral kidney, is very unlikely
to resolve spontaneously. Surgery (usually ureteric
reimplantation) is a reasonable first-line option in
such cases after the age of 12 months.

Parental preference

In the internet age, parents are increasingly aware
of the arguments supporting early endoscopic
treatment for low to moderate grade VUR as an
alternative to long-term continuous antibiotic
prophylaxis.

Endoscopic correction

Since the first experimental description in 1984,
endoscopic correction of VUR has become an
established and widely used form of management.
Several implant materials have been used for
subureteric injections, including polytetrafluoroeth-
ylene (PTFE, Teflon), collagen, polydimethyl-
(PDMS, Macroplastique), autologous
chondrocytes and Deflux (dextranomer—hyaluronic
acid copolymer).

The technique of subureteric injections was first
popularised by O’Donnell and Puri who published
high success rates for the correction of VUR using
Teflon as the injectable implant material. The

siloxane
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suburetic injection of Teflon acquired the acronym
of the STING procedure.

Implant material

Teflon paste is a suspension of PTFEE particles in
glycerin. It is inert, highly crystalline and has a low
coefticient of friction. After injection, the glycerin
is absorbed into the tissues, the implant achieves a
firm consistency and is subsequently encapsulated
by thin fibrous tissue. Following the introduction
of the STING procedure, concerns were expressed
regarding the potential for distant migration of
PTFE particles. These concerns centred on the
non-biodegradable nature of PTFE and the findings
of animal studies. (Although these have been
challenged by other authors.)

Dextranomer-hyaluronic acid copolymer
(Deflux) consists of dextranomer microspheres of
an average size of 80-250 um in sodium hyaluronate:
1 ml of the mixture consists of 0.5 ml microspheres
and 0.5ml sodium hyaluronate. Experimental
work has shown that by 1 year the microspheres
are surrounded by fibroblasts and collagen. This
biodegradable substance has been extensively
tested and, so far, there has been no evidence of
immunogenic properties or potential for malig-
nant transformation.

Macroplastique (PDMS) consists of a paste of
silicone particles whose size is designed to prevent
migration.

Because of its availability, ease of injection and
the low theoretical risks of particle migration,
Deflux is currently the most widely used injectable
material.

Technique of injection

Under general anaesthesia, a cystoscope with a
working channel (9-14 Fr) is introduced into the
bladder. Under direct vision, a rigid or flexible
needle is introduced through the working channel
and advanced under the mucosa at a 6 o’clock
position at the ureteric orifice (Figure 5.7a). If the
refluxing ureteric orifice is wide enough to admit

the tip of the scope, then an intraureteric injection
is preferred. The implant is injected until a mound
or ‘volcanic’ bulge is visualised (Figure 5.7b). The
endpoint is reached when the ureteric orifice is
elevated sufficiently as to create a crescent-shaped
or slit-like orifice at the top of the mound, which
gives the appearance of a nipple (Figure 5.7¢).

Once the injection is completed satisfactorily,
the needle is left in place for a further 10-15
seconds to allow the gel to set. This is particularly
important if Deflux is used. Multiple punctures in
the mucosa are undesirable because they permit
leakage of the implant and it becomes difficult to
achieve the ‘mound’ configuration needed to
achieve satisfactory correction of VUR.

Results

Some authors have reported success rates in excess
of over 93% with endoscopic correction for reflux.
However, a high percentage of patients in these
reported series had low-grade reflux, which has a
high potential for spontaneous resolution (and for
which antibiotic prophylaxis may not always be
warranted).

The use of endoscopic treatment for low-grade
VUR has been heavily criticised by some paedi-
atric urologists as unnecessary intervention.
These criticisms have, however, been countered
by the arguments that the need for prolonged
administration of prophylactic antibiotics can be
averted by a single day-case procedure. Between
these points of view there is general acceptance
that endoscopic correction has a distinct role
in the algorithm of management of VUR, along
with conservative management and surgical
reimplantation.

Endoscopic correction is probably most benefi-
cial in grade III-IV VUR associated with break-
through UTIs. The indications for treating
asymptomatic low or moderate grades VUR are
more controversial. Endoscopic treatment is
much less successful in correcting severe VUR
(grade V) and reflux may persist despite repeated
injections.
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A study undertaken using data recorded on the
Pediatric Health Information System in the United
States reviewed over 4500 recorded antireflux

procedures (open reimplantation and endoscopic
correction) performed in children in 2002-2004.
It was found that since the introduction of
minimally invasive procedures the overall number
of interventions for reflux had increased — although
open surgery rates remained unchanged. From
these findings, it is apparent that in the United
States, at least, endoscopic correction is being
increasingly favoured as an alternative to conserva-
tive management.

Figure 5.7 (a—c) Technique of endoscopic injection
for correction of VUR — see text for details.

Ureteric reimplantation

The cross-trigonal advancement procedure devised
by Cohen remains the open operation of choice for
the majority of paediatric urologists (Figure 5.8).
The appeal of this procedure lies in its relative
simplicity, its high success rate in correcting VUR
(97% or thereabouts) and the low incidence of
postoperative obstruction.

Postoperative stenting of the reimplanted ureter
is not routinely necessary, but the bladder is
drained for a short period postoperatively with
cither a suprapubic or urethral catheter. Creating
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an eftective antireflux flap valve requires a submu-
cosal tunnel with a length approximately three or
four times greater than the diameter of the
reimplanted ureter. Achieving this ratio when
reimplanting a dilated ureter into a small bladder
is not always technically feasible. In this situation,
the diameter of the distal ureter can be reduced by
plication, e.g. the Starr technique.

The Politano-Leadbetter type of reimplanta-
tion, coupled with a psoas hitch, is often preferable
to the Cohen technique when reimplanting a
grossly dilated megaureter.

Extravesical antireflux operations of the type
originally described by Lich and Gregoir (Figure 5.9)
are favoured by some paediatric urologists. The
benefits centre on the reduced incidence of post-
operative haematuria and discomfort. However,
extravesical techniques are less suited to dilated
ureters. There is also evidence of postoperative
voiding dysfunction, which may amount to
urinary retention in rare cases.

(b)

Figure 5.8 Ureteric reimplantation: Cohen technique.
(a) Intravesical mobilisation of ureter. (b) Creation of
submucosal tunnel. (c) Ureter reimplanted across the
width of the trigone. The Cohen cross-trigonal reimplan-
tation can be performed bilaterally and, if necessary,
combined with ureteric plication of a mild to moderately
dilated ureter.

Endoscopic reimplantation

This technique is being developed in some special-
ist centres as a minimally invasive alternative to
conventional open reimplantation. The bladder is
filled with carbon dioxide and a Cohen reimplanta-
tion performed using endoscopes introduced percu-
taneously into the bladder. There is a considerable
technical ‘learning curve’, but in skilled and
experienced hands the results are comparable to
those obtained by open surgery.

Alternatives to
ureteric reimplantation

Circumcision

There is some anecdotal evidence that circumcision
may be beneficial in reducing the incidence of
urinary infection in boys with high-grade VUR.
But in the absence of any formal prospective trial,
there is insufficient evidence to justify routinely
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performing ‘prophylactic’ circumcision on all boys
with prenatally detected VUR or sibling VUR.
Nevertheless, it is a reasonable option to consider on
a selected basis.

Vesicostomy

The creation of a temporary bladder stoma is an
effective way of decompressing the refluxing upper

(b)

Figure 5.9 Ureteric reimplantation: Lich—Gregoir
technique. Extravesical mobilisation and reimplantation
in detrusor tunnel. Unsuitable for dilated ureters.
(a) Refluxing ureter exposed and mobilised extravesi-
cally. (b) Detrusor muscle incised in the line of the
water. Bladder mucosa exposed but not opened.
(c) Detrusor closed around distal ureter to enclose it
within detrusor tunnel.

tracts and facilitating drainage. The procedure is
well tolerated and the incidence of complications is
low. Cutaneous vesicostomy has largely replaced
ureterostomy in young infants whose VUR is
complicated by sepsis or impaired renal function.
Closure of the vesicostomy can be undertaken as
an isolated procedure or in combination with
definitive correction of VUR during the second or
third year of life (Figure 5.10).
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Figure 5.10 Immediate postoperative appearances
of cutaneous vesicostomy performed in a male infant
with high-grade primary VUR-breakthrough infections
and failure of conservative management.

Nephroureterectomy

The role of nephrectomy is being reappraised
in the light of concerns regarding the potential
long-term risk of hyperfiltration damage to the
remaining solitary kidney. However, this risk may
be more than offset by the risk of hypertensive
damage generated by a grossly scarred kidney
which is left in situ.

The occurrence of infection strengthens the
arguments for nephrectomy, particularly when
differential function in the affected kidney is less
than 10% and the contralateral kidney is normal.

When removing the kidney, it is also important
to ensure that the ureter is also removed in its
entirety to avert the risk of infection associated
with a residual ‘refluxing stump’. Removing
the entire length of the ureter by open surgery
usually requires two incisions, and for this reason

laparoscopic nephroureterectomy is becoming an
increasingly attractive alternative.

Transureteroureterostomy (TUU)

This is a useful procedure to manage recurrent
VUR or ureteric obstruction following failed ureteric
reimplantation. One ureter is reimplanted using
the Politano-Leadbetter technique; the contralat-
eral ureter is disconnected from the bladder, swung
across the midline retroperitoneally and anasto-
mosed to the reimplanted ureter.

Management of secondary VUR

Secondary VUR has a tendency to improve or
resolve completely when more physiological bladder
pressures have been restored by the treatment of
outflow obstruction or bladder augmentation.
Although it may occasionally prove necessary to
resort to open antireflux surgery for secondary VUR,
reimplanting dilating ureters into thick-walled
neuropathic or ‘valve’ bladders can be technically
difficult and is best avoided unless there are
compelling indications. The failure rate (persisting
reflux) and incidence of complications are both
higher than for primary VUR.

As for primary VUR, however, the treatment
algorithm has been changed by the introduction of
an endoscopic treatment. Favourable results have
been reported for endoscopic treatment and this
approach is certainly a simpler alternative to open

surgery in the thick-walled bladder.

Which is more effective: medical
or surgical management?

Although a number of prospective controlled trials
have been undertaken to answer this question,
none have demonstrated a clear advantage of one
treatment modality over the other.

An analysis of eight trials found no difference in the
overall frequency of UTTs after 1-2 years and 5 years,
although the incidence of febrile UTIs was lower
following reimplantation. Controlled trials have not
demonstrated any difference in the incidence of fresh
renal scars, which in any event are relatively rare in
both surgically and medically treated groups.
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In everyday clinical practice, however, medical
and surgical treatments do not prove equally effec-
tive. Whereas some children thrive and remain
infection-free on antibiotic prophylaxis, others
experience symptomatic breakthrough infections
which are only controlled by endoscopic correction
or ureteric reimplantation.

This paradox probably reflects the difficulty of
designing trial methodologies to encompass the
many different variables, which include age,
gender, grade of reflux, patterns of bladder
dysfunction, constipation, patient and parental
compliance with voiding regimens and antibiotic
prophylaxis, etc.

The principal conclusion that can be drawn from
the trial data is that medical management can be
safely adopted as the first-line treatment for the
majority of children with VUR.

Surgical treatment is undertaken for specific
indications. Nowadays, if there is an informed
parental preference, endoscopic treatment may be
considered as an alternative to long-term antibiotic
prophylaxis.

Key points

e Voiding dysfunction plays an important
role in the aetiology of ‘primary’
VUR, particularly in girls. Active
treatment of voiding dysfunction is
an important aspect of medical
management.

e Reflux nephropathy may result from
congenital damage (dysplasia), infective
scarring or a combination of both.

e VUR is not a single entity.
Management should be
individualised to encompass
individual contributory factors.

e Endoscopic correction is particularly
indicated for moderate-grade
reflux associated with breakthrough
infection. The role of endoscopic
correction as an alternative to
long-term antibiotic prophylaxis
for asymptomatic low-grade
reflux is controversial.
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obstruction
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Introduction

Despite the important role of upper tract obstruc-
tion within paediatric and adult urology, there is
no satisfactory scientific definition of what consti-
tutes obstruction. One useful working definition,
however, characterises obstruction as ‘some
impedence to the flow of urine, which causes
gradual and progressive damage to the kidney’.

The terminology used by urologists and radiol-
ogists has not been helpful in advancing our
understanding of obstruction, particularly when
pathological and descriptive terms such as ‘pelvi-
ureteric junction (PU]J) obstruction’, ‘idiopathic
hydronephrosis’ or ‘vesicoureteric junction obstruc-
tion” and ‘primary megaureter’ have often been
used interchangeably.

This confusion is exemplified by the use of the
term ‘hydronephrosis’. Although this is often used to
denote pelviureteric junction obstruction, it is
important to note that hydronephrosis is not a
diagnosis in itself but a descriptive term denoting
pathological dilatation of the renal pelvis and calyces.
When this is accompanied by dilatation of the ureter,
the corresponding term ‘hydroureteronephrosis’ is
used. Hydronephrosis (upper tract dilatation), may
be a feature of a number of acquired or developmen-
tal urological disorders, including:

e obstruction to urinary drainage
e vesicoureteric reflux

Isotope renography

Other modalities

Pelviureteric junction obstruction
Vesicoureteric junction obstruction

e dysplasia and developmental abnormalities of
the upper urinary tract

e pathologically high wurinary output
uropathy).

(flow

The introduction of isotope renography was a major
advance in the diagnosis of obstruction, but even this
can be unreliable or potentially misleading in certain
clinical situations. In the absence of a precise scien-
tific definition of obstruction or a universally
reliable test, clinical decision-making will continue to
depend upon information from a number of differ-
ent investigations, each with its own limitations.

Pathophysiology
of obstruction

Acute obstruction can be reproduced experimen-
tally, thus allowing the sequence of physiological
events within the obstructed kidney to be studied
in some detail. However, acute obstruction is
relatively uncommon in children and is generally
the result of acute pelviureteric junction obstruc-
tion or impaction of a urinary calculus at the pelvi-
ureteric or vesicoureteric junction. Within the
acutely obstructed kidney, urine is reabsorbed
from the collecting system into the interstitium,
intrarenal pressure rises and renal blood flow falls.
Unless there is prompt relief of obstruction,
progressive nephron damage supervenes, leading
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to the loss of approximately 50% of functioning
nephrons after 6 days and the irreversible loss of all
renal function within 6 weeks. The timescale of
renal damage is rapidly accelerated by the presence
of urinary infection (pyonephrosis).

In clinical paediatric practice, chronic or inter-
mittent obstruction is far more common than
acute upper tract obstruction, but because of the
difficulty in creating reliable experimental models
we have far less understanding of the relevant
pathophysiology. Investigating chronic or inter-
mittent obstruction in a clinical setting is also more
problematic and the risk of functional deteriora-
tion is more difficult to predict.

In the past, the majority of children with upper
tract obstruction presented clinically with symptoms
such as pain or urinary infection and the decision to
advise surgical intervention was easier to justify.

However, with the advent of prenatal detection
of upper tract dilatation, it has become apparent
that mild to moderate upper tract dilatation is
more prevalent in healthy, asymptomatic infants
than was previously recognised. In many cases the
presence of dilatation is not associated with active
obstruction or renal impairment. In such cases, the
natural history is often one of progressive improve-
ment. Even when the presence of obstruction is
established by appropriate investigation, the
potential still exists for spontaneous resolution.

The natural history of asymptomatic upper tract
obstruction is not always benign, and some
obstructed kidneys are at undoubted risk of progres-
sive functional deterioration which may prove
irreversible. The paediatric urologist is therefore
faced with the practical dilemma of distinguishing
those infants whose dilatation/obstruction is
destined to follow a benign course from those who
are destined to suffer functional deterioration in the
affected kidney unless the obstruction is relieved.

Investigation of
upper tract obstruction

Although the presence of dilatation does not
necessarily signify active obstruction, it is generally

true that obstruction does not occur without
evidence of dilatation. The early stage of acute
obstruction, for example by an impacted calculus,
is a rare exception to this rule.

Ultrasound

Nowadays, the diagnostic pathway almost invari-
ably starts with the ultrasound finding of dilatation
(Figure 6.1). It should be emphasised, however,
that it is not possible to distinguish reliably
between different causes of dilatation nor to estab-
lish the diagnosis of obstruction purely on the
basis of ultrasound findings.

The measurement that has proved to be of most
value is the anteroposterior (AP) diameter of the
renal pelvis measured at the renal hilum. In the
neonate, this figure should not normally exceed
6 mm. Significant obstruction that represents a
threat to renal function is most unlikely to be
present when the AP diameter is less than 15 mm.
Conversely, an AP diameter exceeding 50 mm is
almost invariably associated with diminished
function, either at the time of initial assessment or
during the course of follow-up.

The sensitivity of ultrasound in the diagnosis of
obstruction can be enhanced by including an
assessment of the renal cortex and the degree of
calyceal dilatation.

Ureteric dilatation must always be regarded as
an abnormal finding, as the normal-calibre ureter
cannot be visualised on ultrasound.

Resistive index

Resistive index is measured by the use of a Doppler
ultrasound probe directed at a branch of the renal
artery. Studies aimed at identifying the correlation
between resistive index and various parameters of
obstruction have generally been unrewarding.
Measurement of resistive index is not a sufficiently
sensitive measure of obstruction to serve any useful
role in clinical practice. In a different context,
colour Doppler has also been used to visualise jets
of urine emerging from the ureteric orifice.
Whereas a correlation has been described between
reduced frequency of ureteric jets and upper tract
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Figure 6.1 Postnatal ultrasound confirming antena-
tal ultrasound appearances of grossly hydronephrotic
(dilated) right kidney with marked dilatation of renal
pelvis and calyces with thinned cortex (renal pelvic AP
diameter = 32 mm).

obstruction, it is unlikely that the technique will
prove sufficiently sensitive to replace standard
diagnostic modalities.

Isotope renography

Isotope renography is the principal investigation
used to diagnose upper tract obstruction. Technetium-
99m (¥Tc) MAG3 (mercaptoacetyltriglycine) is the
radiopharmaceutical agent of choice for this purpose
and has largely replaced *Tc DTPA (diethylenetri-
amine pentaacetic acid). *Tc MAG3 has the advan-
tage of superior gamma camera images to DTPA,
coupled with faster clearance rate and lower
background activity. Studies can be performed more
rapidly and background subtraction calculations are
easier. However, DTPA renography has the advan-
tage that diagnostic imaging can be combined with
a clearance study for the purpose of calculating
glomerular filtration rate (GFR).

The following phases of the dynamic renogram
are routinely analysed in the investigation of
obstruction.

Differential renal function

Differential renal function is derived by comparing
1sotope uptake in the two kidneys, which in turn is a
reflection of renal blood flow. Although *™Tc MAG3

is superior to DTPA for the calculation of differential
function, static scintigraphy with DMSA (dimercap-
tosuccinic acid) remains the gold standard since it
provides a more reproducible value for differential
function, particularly when function is severely
impaired. Regardless of whether differential function
is assessed by "Tc MAG3 or *™Ic DMSA, the
values provide a comparative (i.c. differential) rather
than absolute measure of renal function.

Renogram curves

Diuresis renography provides a means of distin-
guishing between obstructed and non-obstructed
dilatation.

The characteristics of the uptake and drainage
curves, as defined by O’Reilly and associates, fall
into four patterns (Figure 6.2):

e Type 1. Normal uptake with prompt washout.

e Type 2. Rising uptake curve; no response to
diuretic (obstruction).

o Type 3a. Initially rising curve, that falls rapidly in
response to diuretic (non-obstructive dilatation).

e Type 3b. Initially rising curve which neither falls
promptly nor continues to rise.

Whereas type 1 and type 3a curves are normal and
non-obstructed, the clinical significance of type 2
and type 3b curves remains problematic. Drainage
curves can be particularly difficult to interpret in
the first few months of life (the period of so-called
‘transitional nephrology’) when immaturity of the
renal tubules may impair the response of the
kidney to diuretic stimulation. Many paediatric
urologists have sought to overcome this difficulty
by basing their decision on whether or not to
proceed to pyeloplasty in infants with an asympto-
matic, prenatally detected PUJ obstruction not on
drainage curve data, but on differential function in
the affected kidney.

Pressure/flow studies

Developed and popularised by Whitaker in the
1970s, this investigation was designed to quantify
obstruction by measuring the hydrostatic pressure
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Figure 6.2 Patterns of uptake and drainage curves
on isotope renography, as classified by O’Reilly and
associates.

within the kidney when the collecting system is
directly filled with fluid at different flow rates. It is
an invasive investigation, requiring percutaneous
renal puncture under general anaesthesia. Pressure/
flow studies are now rarely performed, having
been largely superseded by dynamic renography.

Intravenous urography

Although the intravenous urogram (IVU) has been
superseded by dynamic renography, there are rare
situations when it can provide valuable anatomical
information which is not forthcoming from other
imaging modalities. Examples include, PU]J obstruc-
tion in a duplex kidney (Figure 6.3), mid ureteric
obstruction and retrocaval ureter, although this is
also well demonstrated on computed tomography
(CT) and magnetic resonance imaging (MRI).

Figure 6.3 Intravenous

urogram demonstrating
dilatation confined to the lower pole of a duplex kidney
(PUJ obstruction in an incomplete duplication — ‘bifid
system’). The IVU retains a useful role in delineating
ureteric or caliceal anatomy in unusual variants of
upper tract obstruction.

Magnetic resonance
imaging (Figure 6.4)

Dynamic contrast-enhanced MR imaging has the
potential to combine the anatomical information
yielded by ultrasound with the functional informa-
tion provided by renal scintigraphy. The information
is provided by a single study that does not entail
exposure of the child to ionising radiation. Practical
drawbacks include the significantly higher cost and
the requirement for general anaesthesia or sedation
to facilitate MR imaging in infants and younger
children. Furthermore, in its current stage of devel-
opment, the information provided by the functional
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Figure 6.4 Magnetic resonance scan with contrast
demonstrating bilateral PUJ obstruction.

component of dynamic contrast-enhanced MR is
less reliable than the information on differential
function and drainage provided by *"Tc MAG3.

Nevertheless, anyone who has seen the images
produced by this new imaging modality cannot fail
to be impressed by the quality of the anatomical
detail. The technique is currently under evaluation
in a number of specialist centres and it is too early
to say whether the overall value of the additional
information provided by dynamic contrast-
enhanced MR will be sufficient to justify its
widespread introduction as the gold standard
investigation for obstruction.

It is quite possible that the information
obtained at less cost from ultrasound and dynamic
renography will be judged to be sufficient for the
purposes of routine investigation.

Even if this proves to be the verdict on the use of
MR in uncomplicated upper tract obstruction, this
imaging modality will undoubtedly play a valuable
role in helping to delineate the anatomy of unusual
forms of obstruction such as retrocaval ureter.

Retrograde pyelography

Although this was once performed routinely to
confirm the anatomical level of obstruction prior
to surgery, it has been largely rendered redundant
by the introduction of other imaging modalities,
notably ultrasound. However, there are still
occasional situations where a retrograde pyelo-
gram may be very helpful in establishing the level
of obstruction where this is in doubt.

Antegrade pyelography

Renal puncture under ultrasound guidance and the
injection of contrast into the collecting system can
be particularly helpful in visualising obstruction
distal to the pelviureteric junction and also in the
investigation of suspected recurrent PUJ obstruc-
tion following previous pyeloplasty:.

Diagnostic pathway

In summary, the clinical investigation of the dilated
upper tract is designed to answer the following
questions:

e Is the dilatation due to active obstruction?
Isotope renography is the first-line investiga-
tion, but other modalities may be needed to
exclude reflux and non-obstructive dilatation.

e At what anatomical level is the obstruction
(and what is the most likely pathology)?
Ultrasound generally provides this information
but contrast-enhanced MR urography should
now be considered the next investigation of
choice. Antegrade or retrograde pyelography
may occasionally be required.

e Is the function in the obstructed kidney
sufficient to justify a conservative procedure
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Figure 6.5 Aetiology of pelviureteric junction obstruction. (a) Intrinsic stenosis. Obstruction due to narrowing
of a segment of ureter which is usually localised to the region of the pelviureteric junction but may extend over
a length of several centimetres. (b) Ureteric folds. Tortuous segment of proximal ureter giving rise to varying
degrees of obstruction. Straightening of this segment with growth may explain the spontaneous resolution of
obstruction observed in a proportion of prenatally detected cases. (c) Extrinsic obstruction by crossing lower pole

vessels.

or would nephrectomy be more appropri-
ate? Isotope renography with *Tc MAG3
will generally suffice but where renal function is
grossly impaired ***Tc DMSA is a more accurate
measure of function and a more reliable predic-
tor of potential functional recovery.

Summary

e There is no scientifically rigorous definition of
obstruction and, at present, no gold standard
diagnostic test.

e Dynamic contrast-enhanced MR imaging is
a promising new diagnostic modality since
it provides both anatomical and functional
information. But further evaluation is required
before it can be considered as a viable alterna-
tive to ultrasound and dynamic renography for
the routine investigation of upper tract
obstruction. Cost and the need for general
anaesthesia or sedation in younger children are
significant drawbacks.

e Although *™Tc MAGS3 is the isotope of choice
for most aspects of investigation of obstruction,
#mTc DMSA provides more reliable informa-
tion on differential function in poorly function-
ing kidneys and is a more reliable predictor of

the functional outcome to be anticipated
tollowing pyeloplasty.

Pelviureteric
junction obstruction

PUJ obstruction is a heterogeneous disorder with a
number of different anatomical causes. Moreover,
there is considerable variation both in the severity of
obstruction and in the natural history of the condi-
tion. Estimates derived from antenatal screening
place the incidence of PU]J obstruction in the range
1:750-1:1000. Analysis of data held on the US
Pediatric Health Information System database
showed that the pyeloplasty rate had doubled from
74 per 100 000 in 1992 to 140 per 100 000 in 2004.

The male to female ratio is approximately equal
and the left kidney is more commonly affected
than the right, by a ratio of approximately 2:1.

The condition usually occurs on a sporadic basis,
but familial inheritance has been reported. PUJ
obstruction is more common in children with
other urinary tract anomalies such as multicystic
dysplastic kidneys and the VACTERL spectrum of
anorectal and vertebral anomalies.
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Pathology and
aetiology of PUJ obstruction

Although the findings on diagnostic imaging,
notably MR urography, can be helpful in pointing
to the likely anatomical cause of the obstruction, it
is not usually until the time of operation that this
can be established with certainty.

Intrinsic obstruction (Figure 6.5a)

Typically, the obstruction is caused by a short
stenotic segment at the pelviureteric junction.
However, in some cases, the stenosis may extend
distally from the PU]J to involve a more extensive
segment of the proximal ureter.

Ureteric folds (Figure 6.5b)

In these cases, the PUJ is of normal calibre but the
proximal ureter is tortuous and kinked. This
anatomical variant may be associated with self-
limiting obstruction, which resolves as the proxi-
mal ureter straightens with growth.

High insertion of
the pelviureteric junction

The PU]J is sited high on the dilated renal pelvis rather
than at its most dependent part. Although this may
be a primary abnormality; it is generally thought to be
a secondary phenomenon resulting from upwards
displacement of the PUJ by the dilating pelvis; i.e. an
effect rather than a cause of the obstruction.

Extrinsic obstruction: lower pole or
‘crossing vessels’ (Figure 6.5c)

Aberrant or crossing lower pole vessels are found
in more than 30% of older children and adults
undergoing pyeloplasty.

In some cases, the lower pole vessels appear to
be incidental to an intrinsic PUJ obstruction but in
other cases, particularly older children presenting
with intermittent loin pain, the operative findings
strongly suggest that the crossing vessels are
indeed responsible for the obstruction.

Figure 6.6 PUJ obstruction in a horseshoe kidney
caused by distortion of the proximal ureter looping
over the renal isthmus (or compression by aberrant
vasculature).

This impression is reinforced by the observation
that symptoms are invariably relieved following
pyeloplasty, in which the reconstructed pelvi-
ureteric junction is relocated anterior to the vessels.

Further evidence of the causative role of lower
pole vessels can be deduced from reports that
symptoms can be relieved by laparoscopic mobili-
sation and repositioning of the PUJ in relation to
the vessels, without the need for dismembered
pyeloplasty (see Chapter 23).

In contrast to older children, lower pole vessels
account for less than 5% of infants with prenatally
detected PU]J obstruction requiring pyeloplasty.

Variants of PUJ obstruction
Horseshoe kidney

The majority of horseshoe kidneys are asympto-
matic and of no urological concern. Of the compli-
cations that can occur, obstructed drainage is the
most common. This may be due to distortion of
the proximal ureter as it loops over the renal
isthmus or compression from the aberrant vascula-
ture found at the renal hilum of horseshoe kidneys
(Figures 6.6 and 6.7).
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Figure 6.7 Intravenous urogram demonstrating dilata-
tion associated with obstruction in the left limb of a
horseshoe kidney.

Retrocaval ureter

This rare anomaly, which more commonly affects
the right ureter, is a consequence of the abnormal
development of the posterior cardinal veins, the
precursors of the inferior vena cava. A number of
anatomical patterns have been described. If this
diagnosis is raised by the ultrasound findings, MR
urography should then be performed as the investi-
gation of choice. Laparoscopic correction is prefer-
able to open surgery, provided this is undertaken by
an experienced minimally invasive surgeon.

Figure 6.8
collecting system seen on the early phase of a micturating cystogram. (b) Progressive dilatation throughout the
course of the MCU study. The degree of dilatation is grossly disproportionate to the severity of the reflux. PUJ
obstruction subsequently confirmed by isotope renography (performed with a bladder catheter in situ to elimi-
nate confusion due to reflux of isotope).

Intraluminal obstruction

Rare cases of ureteric obstruction caused by intra-
luminal fibroepithelial polyps have been described;
they occur more frequently in the midureter than
the pelviureteric junction.

Idiopathic ‘functional’ obstruction

The renal pelvis normally expels urine by
peristaltic contraction initiated from pacemaker
sites located in the minor calyces. Failure of
peristaltic activity or discoordination of the
pacemaker activity is believed to account for cases
of ‘obstruction’ in which the pelviureteric junction
is patent and no extrinsic compression can be
identified. Although such cases are encountered in
adult practice, they are rare in children, in whom
one of the anatomical factors listed above is
almost invariably present.

Secondary PUJ obstruction

Gross vesicoureteric reflux (e.g. grades IV and V)
can result in tortuosity and kinking of the proximal
urcter, which can occasionally cause obstructed
drainage from the kidneys. This phenomenon is
best seen on MCUG films taken after voiding

‘Secondary’ PUJ obstruction associated with vesicoureteric reflux. (a) Dilatation of the right renal
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(Figure 6.8). A dynamic renogram performed
with a bladder catheter in situ can also be very
helpful in establishing the diagnosis of secondary
PUJ obstruction in the presence of reflux.

Natural history
of PUJ obstruction

The natural history of PUJ obstruction is variable.
Whereas the obstruction resolves spontaneously
in some cases, in others it increases in severity,
giving rise to progressive functional deterioration.
In a substantial proportion of cases, the obstruc-
tion remains stable for many years, with little or
no impact on renal function. In a study of the
conservative management of prenatally detected
PUJ obstruction, undertaken at Great Ormond
Street Hospital, 17% of obstructed kidneys required
pyeloplasty because of deteriorating function,
27% showed evidence of resolving obstruction
and 56% remained stable, with persisting obstruc-
tion but no functional deterioration over the
course of the study. To confuse the picture
turther, it is well documented that progressive
obstruction and dilatation can arise de novo in a
previously normal or mildly dilated kidney.
Likewise, antenatally detected dilatation can
resolve completely in infancy, only to recur as
symptomatic, ‘full blown’ obstruction in later
childhood (Figure 6.9).

Presentation

PU]J obstruction is the most common clinically
significant uropathy detected on prenatal ultra-
sound (Figure 6.10). It should be noted, however,
that mild to moderate degrees of obstruction may
not be present or may not have given rise to
detectable dilatation at the time when routine fetal
anomaly scans are performed in the second
trimester. Mild to moderate PUJ obstruction more
commonly comes to light on scans performed in
later pregnancy, or may remain undetected if no
further scans are performed after the second
trimester. The severity of the dilatation (AP diame-
ter of the renal pelvis) is a more accurate predictor
of functional impairment than the gestational age

at which dilatation was first detected. Where the
AP diameter exceeds 50 mm, differential function
is almost invariably impaired.

Urinary tract infection used to be the common-
est mode of presentation in infants and young
children before the advent of prenatal ultrasound.
Infection within the obstructed system may
progress to pyonephrosis, characterised by high
fever, systemic ill health and ultrasound findings of
debris within the dilated collecting system.

It is not uncommon for PUJ obstruction to
present with pain, typically in children aged 4
years and upwards. Unlike non-specific abdominal
pain, the symptoms arising from an obstructed
kidney usually last for several hours or several days.
Although the pain is typically sited in the region of
the loin, it may be experienced predominantly in
the epigastrium and central abdomen, giving rise
to possible diagnostic difficulties. In older children
whose PU]J obstruction presents with intermittent
pain, the underlying cause of obstruction is often
related to aberrant crossing vessels.

Haematuria may occur spontaneously, but is
more commonly the consequence of minor trauma —
to which obstructed kidneys are more susceptible
(Figure 6.11). A grossly dilated kidney can
sometimes present as an abdominal mass mimick-
ing a Wilms’ tumour. However, the distinction can
be readily made with ultrasound and CT or MRI
if necessary.

Occasionally, a dilated kidney comes to light as
an incidental finding on an ultrasound scan
performed for unrelated symptoms such as abdom-
inal pain. In these circumstances, it is important to
take a careful history to establish whether the pain
is genuinely related to PUJ obstruction or whether
the dilatation is an incidental finding in a child with
non-specific abdominal pain or abdominal pain of
some unrelated aetiology.

Investigation

The diagnostic pathway has already been consid-
ered above. Typically, the sequence comprises
ultrasound followed by *™Tc MAG3 dynamic
renography. The use of DMSA scintigraphy or
#mTec DMSA scintigraphy is reserved for poorly
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Figure 6.9 Unpredictable natural history of PUJ obstruction. (a) An ultrasound at 1 month of age. Appearances
suggestive of PUJ obstruction — with good thickness renal cortex, AP diameter of renal pelvis (not shown) 18
mm. Conservative management was adopted. (b) Follow-up MAGS3 study at 36 months showing type 3a O’Reilly
curve (non-obstructed). Conservative management was maintained. (c) Ultrasound at 4 years of age. Complete
resolution of dilatation, normal appearances of kidney. The child was discharged from further follow-up. (d) At 9
years of age he represented acutely with pain and infection. This ultrasound scan demonstrates severe dilata-
tion due to recurrent PUJ obstruction. Pyeloplasty was curative.

functioning obstructed kidneys where the choice
of procedure lies between pyeloplasty or nephrec-
tomy. Other imaging modalities are only required
in complicated cases: for example, to investigate
secondary PU]J obstruction in the presence of gross
vesicoureteric reflux.

Management

In the past, children with PUJ obstruction almost
invariably presented with symptoms and in this
situation it was not difficult to justity the decision
to proceed to surgery.
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Figure 6.10 Prenatal ultrasound. Marked dilatation
of a fetal kidney — PUJ obstruction confirmed by
postnatal investigations.

Figure 6.11

CT scan demonstrating a grossly
dilated right kidney with a thin rim of renal cortex. This
kidney has ruptured after trauma, leading to exten-
sive extravasation.

By contrast, the majority of infants with prenatally
detected PUJ obstruction are asymptomatic and
their pathology would have remained undiagnosed
(at least in infancy) if it had not been for the infor-
mation yielded by the antenatal ultrasound scan.

The indications for pyeloplasty in children with
prenatally detected PUJ obstruction remain
controversial, although there is a broad consensus
in favour of conservative management in the
presence of normal difterential function (defined as
greater than 40% in the affected kidney).

Conservative management is therefore initi-
ated when differential function in the obstructed
kidney exceeds 40%. In practice, kidneys with

well-preserved differential function usually have a
renal pelvic AP diameter of less than 30 mm. In
15-20% of infants with prenatally detected PUJ
obstruction, the dilatation is present bilaterally. In
this situation, less reliance can be placed on the
renographic assessment of differential function and
greater weight must be attached to the severity of
dilatation. Bilateral pyeloplasty may occasionally
be indicated when the dilatation is of equal sever-
ity and both drainage curves have a symetrically
obstructed pattern. In practice, however, it is rare
to encounter bilateral obstruction of equal severity,
and in this situation it may be appropriate to
operate on a more severely dilated kidney and
monitor the contralateral kidney.

The indications for pyeloplasty can be briefly
summarised as:

e Symptomatic PUJ obstruction, e.g. pain,
infection, palpable renal mass.

e Asymptomatic obstruction with reduced
function (less than 35-40%) at the time of
initial evaluation, particularly if the AP diame-
ter of the renal pelvis exceeds 30 mm.

e Failure of conservative management, i.c.
deteriorating function or increasing dilatation
(which often precedes functional deterioration).

e Persisting asymptomatic obstruction which
shows no evidence of resolution (on ultra-
sound and **Tc MAG3), despite stable
differential function.

The point at which conservative management
should be abandoned in an asymptomatic child with
stable obstruction is determined by clinical judge-
ment and by the outcome of informed discussion
with the parents. Rather than persist for an unspec-
ified period with repeated ultrasound and isotope
imaging, it may be thought preferable to proceed to
pyeloplasty or, in some circumstances, to discharge
the child from further formal follow-up.

Surgical options

Whether performed by an open approach or laparo-
scopically, the Anderson-Hynes dismembered
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pyeloplasty is universally regarded as the
operation of choice.

Operative technique (Figure 6.12)

Once the anatomy of the pelviureteric junction has
been displayed, the ureter is divided and incised for
a short length (‘spatulated’) just distal to the
pelviureteric junction. A portion of the redundant
dilated renal pelvis is then excised. For the
initial stages of the anastomosis, most paediatric
urologists favour interrupted sutures and, even in
unstented pyeloplasty, it is advisable to minimise
the risk of stenosis by performing the anastomosis
over a tube, which is then withdrawn prior to
closure of the renal pelvis. If a transanastomotic
stent is positioned to facilitate postoperative
drainage, this can be introduced before, during or
after the construction of the anastomosis.

Much has been written about the different
methods of postoperative drainage, but published
studies have mostly failed to demonstrate any
statistically significant advantage of one method
over another.

Currently, the most widely used techniques
include the use of an in-dwelling JJ stent (which
is removed cystoscopically some weeks after the
pyeloplasty) or a nephro stent — in effect a JJ stent
with an extension which traverses the renal pelvis,
exits through the parenchyma and emerges from
the skin. This is left on free drainage for the first
day or two then clamped prior to discharge from
hospital.

The soft, deformable characteristics of the
nephro stent are such that it can subsequently be
removed without difficulty by simple traction on
the length of tube emerging from the skin (usually
around the 10th to 14th postoperative day). Many
surgeons prefer to avoid any form of transanasto-
motic stent, relying instead on simple extrarenal
drainage. Nephrostomy drainage alone is thought
to be inadvisable since diversion of urine above an
unstented anastomosis may encourage adherence
of the edges of anastomosis, leading to a greater
risk of recurrent obstruction.

Figure 6.12 Anderson—Hynes dismembered pyelo-
plasty. The procedure of choice in children.

Open pyeloplasty

For open pyeloplasty the anterior extraperitoneal
approach is ideally suited to infants and young
children (Figure 6.13a) but access is more limited
in older children with a narrower subcostal angle.
The posterior lumbotomy approach (Figure
6.13b) is favoured by some surgeons but ofters
less flexibility to deal with unexpected operative
findings. The supra-12 loin approach (Figure 6.13c),
conserving the 12th rib, can be employed for all
ages and can be readily extended to afford greater
access if unexpected problems are encountered.
However, it is associated with greater postopera-
tive discomfort and carries a risk of subcostal nerve
neuropraxia in infants.
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Laparoscopic pyeloplasty

Laparoscopic pyeloplasty was introduced into
adult urological practice in the mid 1990s and
thereafter gained acceptance to the point that it is
now increasingly regarded as the gold standard
for adult pyeloplasty. The first series of laparo-
scopic pyeloplasties in children appeared in the
literature toward the end of the 1990s and, with
the introduction of better instrumentation for
children, paediatric laparoscopic pyeloplasty has
subsequently gained growing acceptance. The
operative details are considered at greater length
in Chapter 23.

Laparoscopic vs open pyeloplasty?

The experience of laparoscopic pyeloplasty to date
and the relative merits and drawbacks can be
briefly summarised as follows:

(b)

Figure 6.13 Surgical approach to the kidney. (a)
Anterior subcostal incision, extraperitoneal exposure of
the kidney. (b) Posterior lumbotomy. (c) ‘Supra-12’ loin
incision.

e The cosmetic outcome of laparoscopic pyelo-
plasty is superior to a conventional surgical
incision. This advantage is particularly relevant
to older children in whom a supra-12 loin
incision can leave a relatively conspicuous scar.
The cosmetic benefit is more arguable in
infants, since pyeloplasty can be accomplished
through a small anterolateral abdominal incision
in this age group.

e Laparoscopic pyeloplasty is associated with a
shorter hospital stay and reduced postoperative
analgesic requirement. However, the operative
time can be significantly longer than for open
pyeloplasty.

e The retroperitoneal laparoscopic approach is
preferable to the transperitoneal approach in
view of the risk of intraperitoneal urinary
leakage and the potential for adhesion forma-
tion. However, the retroperitoneal approach is
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more technically challenging, particularly in
infants and young children.

e Robotic pyeloplasty is limited to a small
number of centres and is currently under evalu-
ation. The operative time is longer than for
conventional laparoscopic pyeloplasty and
substantially longer than the operative time for
open pyeloplasty.

e Laparoscopic pyeloplasty has a significant
‘learning curve’, during which time the early
complication rate is higher than that for open
pyeloplasty. In the hands of an experienced
laparoscopic surgeon, however, the complica-
tion rates and overall success rates are likely to
be comparable to those obtained by open pyelo-
plasty, i.e. overall long-term success rate of
greater than 95%.

e The laparoscopic approach offers considerable
ergonomic advantages over open surgery for
the correction of certain variants of PUJ
obstruction: for example, PUJ obstruction
occurring in a horseshoe or pelvic kidney and
retrocaval ureter.

e Although laparoscopic surgery is best suited to
older children, its use has been safely extended
to pyeloplasty in infants under 1 year of age.
However, the benefits, in terms of reduced
hospital stay and analgesic requirement are very
marginal in view of the ease of approach offered
by an anterolateral muscle-splitting subcostal
incision in this age group.

Postoperative follow-up

Postoperative follow-up typically comprises ultra-
sound and isotope renography. Some paediatric
urologists do not feel it is necessary to submit the
child to a MAG3 study if ultrasonography at 6-12
months clearly demonstrates resolution of the
dilatation, indicating that obstruction has been
successfully relieved. Assessing the postoperative
ultrasound findings in a grossly dilated system can
prove problematic, as considerable dilatation often
persists for a long time, despite a technically
successful pyeloplasty. Similarly, it may be a matter
of years rather than months before the isotope

renogram drainage curve reverts to normal in these
cases. In the longer term, pyeloplasty has been
shown to be a highly effective operation with a
very low incidence of recurrent obstruction.

Other surgical options
Percutaneous nephrostomy

The insertion of a pigtail nephrostomy catheter
into the collecting system to provide temporary
drainage is a particularly valuable manoeuvre in
children presenting with pyonephrosis. Temporary
percutaneous drainage usually permits rapid
control of infection and enables potential recovery
of function to be assessed with a DMSA scan prior
to definitive surgery.

Ureterocalicostomy (Figure 6.14)

In this procedure, the ureter is detached from the
renal pelvis and anastomosed directly to the most
dependent lower pole calyx. Although it is rarely
appropriate in the primary management of PU]J
obstruction, ureterocalicostomy may ensure more
effective drainage than pyeloplasty in, for example,
recurrent PUJ obstruction or PUJ obstruction
complicating a horseshoe kidney.

Endopyelotomy
and balloon dilatation

Although these techniques have been described as
alternatives to open pyeloplasty in children, the
results are markedly inferior to those obtained by
open pyeloplasty. There is little evidence to justify
this form of intervention as a primary treatment.
Balloon dilatation may, however, have a very
limited role in the treatment of mild to moderate
recurrent PU]J obstruction in older children.

Nephrectomy

When deciding whether to advise pyeloplasty or
nephrectomy, most paediatric urologists supply an
arbitrary ‘cut off” for differential function in the
range of 10-15%. Functional imaging with
DMSA provides more reliable information on
which to base a decision whether to proceed to
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Figure 6.14 Ureterocalicostomy. The ureter is discon-
nected from the renal pelvis and the pelviureteric junction
closed. The ureter is then anastomosed directly to the
lower pole calyx. A useful procedure to facilitate depend-
ent drainage in a grossly dilated system or horseshoe
kidney and in cases of recurrent PUJ obstruction.

nephrectomy or pyeloplasty. As already indicated,
a period of temporary percutaneous nephrostomy
drainage may be helpful in borderline case.

Vesicoureteric
junction obstruction

The classification of ureteric dilatation (mega-
ureter) and its causes can be simplified into three
broad categories:

e Obstructed megaureter: the obstruction is
usually intrinsic, i.e. primary stenosis of the
distal ureter or vesicoureteric junction, but
occasionally, the obstruction may be extrinsic
and secondary to, for example, a tumour or
scarring/fibrosis. Most cases are due to primary
obstruction at the vesicoureteric junction, and
hence the synonym ‘VU]J obstruction’.

¢ Non-refluxing, non-obstructed megaureter:
the wureter is dilated but is not actively

Figure 6.15 Obstructed megaureter. The ureter has
been mobilised and divided at the level of the bladder.
Dilatation of the ureter proximal to a short stenotic
segment at the vesicoureteric junction.

obstructed. The aetiology of such cases is often
unclear but it is believed that many represent
the legacy of ‘burnt-out’” VU] obstruction, in
which the original obstruction has resolved,
leaving residual dilatation of a ‘flabby’ ureter.

e Refluxing megaureter.

Obstructed megaureter

This condition is usually characterised by a marked
discrepancy between the calibre of the distal ureteric
segment and the dilated, tortuous ureter proximal to
it. In cases coming to surgery, the obstruction is
usually found to be associated with the presence of
a stenotic ureteric segment of varying length above
the vesicoureteric junction (Figure 6.15). In
occasional cases, however, the calibre of the distal
ureter is normal and is only narrow in relation to the
dilated ureter above it. In the absence of demonstra-
ble stenosis, this form of megaureter is presumed to
result from an adynamic, aperistaltic distal segment
of ureter, which fails to propagate bolus transmis-
sion of urine into the bladder.

The true prevalence of megaureter is difficult to
quantify since, in the days before prenatal diagno-
sis, many cases almost certainly did not come to
light. Figures derived from routine prenatal ultra-
sound screening suggest an overall incidence in the
range of 1:1500-1:2000. Megaureter occurs more
frequently in males and the left side is more
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commonly affected than the right. It generally
occurs on a sporadic basis.

Presentation
Prenatal detection

Obstructed megaureter constitutes approximately
10% of prenatally detected uropathies of clinical
significance. Although the dilated ureter may
be visualised on prenatal ultrasonography, it is
often the dilatation of the renal collecting system
that is detected initially. The distinction between
obstructed and refluxing megaureters can never be
made by ultrasound alone and a postnatal MCUG
should be undertaken routinely to exclude VUR
or, in boys, outflow obstruction due to posterior
urethral valves.

Symptomatic presentation

Urinary infection used to be the most common
form of presentation and, despite the advent of
prenatal diagnosis, unsuspected cases can still
occasionally present in this fashion.

The spectrum of severity may vary from mild,
predominantly lower tract symptoms to a severe
systemic febrile illness caused by the presence of
pus and infected debris within the obstructed
collecting system (pyoureteronephrosis).

Vesicoureteric junction obstruction can also
present occasionally with intermittent loin and
abdominal pain, in a manner similar to intermit-
tent PU]J obstruction (Figure 6.16). Other modes
of presentation include abdominal swelling (rare)
or complications secondary to the presence of
calculi within the obstructed system.

Investigations
Ultrasound

Ultrasound is a valuable investigation for demon-
strating ureteric dilatation, particularly when renal
function is poor and the excretion of isotope tracer
or radiological contrast is impaired. The ultra-
sound scan should visualise the dilated ureter
throughout its course and should also assess the

severity of pelvicalyceal dilatation. Where the
ureteric diameter is less than 1 cm, significant
obstruction is unlikely to be present and differen-
tial function in the affected kidney is usually well
preserved. Even when the ureteric diameter exceeds
1 cm, differential renal function may still be
normal and the degree of caliceal dilatation may be
mild in relation to the extent of the ureteric dilata-
tion. Such findings usually denote low-grade
obstruction, with little threat to renal function.

Micturating cystourethrogram

As already stated, an MCUG should always be
undertaken to distinguish between obstruction
and vesicoureteric reflux as the possible cause of
ureteric dilatation.

Isotope renography

Drainage curve data can be very difficult to assess
in grossly dilated ureters. In particular, clearance of
isotope from the kidney may be interpreted as
evidence of a non-obstructed system, whereas
closer scrutiny of the ‘hard copy’ gamma camera
images reveals that the tracer has simply emptied
from the kidney into a capacious dilated ureter.

The sensitivity of isotope renography can be
improved by drawing regions of interest over
different portions of the ureter to estimate ureteric
emptying, but, even with this modification, it may
still prove very difficult to distinguish between
obstructed and non-obstructed dilatation from the
drainage curve. Differential function may prove to
be the most helpful piece of information when
planning management.

Management

Prenatally detected obstructed
megaureter

The majority of infected infants are healthy and
asymptomatic at birth. Conservative management is
initiated where differential renal function is greater
than 35-40%, with surgery being undertaken on a
selective basis for the indications set out below. In
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one series of 40 patients with 57 megaureters, only
10% required surgery because of impaired renal
function on initial assessment. Of those managed
conservatively, 53% showed complete resolution on
ultrasonography, while 43% remained stable or
improved on follow-up. However, another group of
authors who analysed the longer-term outcome in

(b)

Figure 6.16 (a) Intravenous urogram in a 12-year-old
girl with a long history of intermittent abdominal pain
diagnosed as ‘abdominal migraine’. Ultrasound (not
shown) and IVU performed between episodes of pain
were consistent with non-obstructive dilatation. (b) MAG3
renogram shows good preservation of function and a
washout response to diuretic. The findings were inter-
preted as non-obstructive dilatation consistent with ‘burnt
out’ obstructed megaureter. (c) However, an ultrasound
scan performed acutely during an episode of pain
demonstrated a dramatic increase in the severity of
caliceal dilatation. Diagnosis: intermittent vesicoureteric
junction obstruction. Her symptoms resolved completely
following surgery.

79 children reported an operation rate of 30%,
citing indications which included differential
function <40%, ureteric diameter >1.3 cm and
severe pelvicaliceal dilatation. The mean age at
operation in this series was 14.3 months.

A high incidence of resolution or improvement
in infants with prenatally detected primary
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megaureter has now been reported by a number of
studies. The optimum duration of follow-up is not
known, but, in practice, if the dilatation resolves or
shows progressive improvement on ultrasound
and if differential function was normal on initial
assessment, children can probably be safely dis-
charged after 4-5 years. Where there is evidence of
persisting dilatation, it is probably prudent to
maintain ultrasound follow-up on an infrequent
basis until the teens in view of the low risk of
deterioration.

Indications for surgery

Prenatally detected
obstructed megaureter

Surgical intervention should be considered if
differential function is impaired on initial assess-
ment (differential function less than 35%). Ideally,
however, the study should be repeated at 3-6
months of age before proceeding to intervention.

Deteriorating renal functional follow-up is a
further indication for surgery, although this is a
rare occurrence.

Symptomatic complications

Mild to moderate urinary infection is not an
automatic indication to proceed to surgery if the
other parameters (differential function, ureteric
diameter 1 cm or less) are favourable. A period of
antibiotic prophylaxis and a trial of conservative
management is appropriate in such cases, but
when obstructed megaureter is complicated by
recurrent or severe infections, it should be
managed surgically. Other indications include pain
or, rarely, abdominal mass.

Surgical treatment

Definitive treatment consists of excising the
obstructing distal segment and reimplanting the
ureter into the bladder by a technique which facil-
itates good upper tract drainage without permit-
ting vesicoureteric reflux. However, these twin
goals may be difficult to achieve, particularly in

infants with grossly dilated ureters and relatively
small bladders.

Wherever possible, reimplantation of a mega-
ureter should be avoided in the first year of life,
because of these technical difficulties and growing
anecdotal evidence that dissection in the region of
the distal ureter and bladder neck can result in a
degree of neurological impairment, with a possible
impact on continence in later childhood.

Alternatives to open
surgery in the first year of life

Successful medium-term drainage with a paedi-
atric in-dwelling ureteric JJ stent has been reported
from a number of centres. If endoscopic insertion
is not feasible, open cystostomy, dilatation of the
ureteric orifice and insertion of a JJ stent is well
tolerated. The stent can usually be safely left in situ
for up to 6 months, after which time it may be
teasible to proceed to definitive surgery. However,
it is apparent that, in some infants, the combina-
tion of dilatation and prolonged in-dwelling stent
drainage is sufficient to correct the obstruction
without the need for further surgery.

Although upper tract diversion by terminal or
ring ureterostomy was once widely practised in
infants with obstructed megaureter, there are now
very few indications for this approach. Ureteric
reimplantation is best deferred until 12 months of
age upwards, but, depending on the circumstances,
may be considered from 6 months upwards,
according to the anatomical features and the experi-
ence of the surgeon.

Surgical treatment from
1 year of age upwards

Mild ureteric dilatation
(ureteric diameter
approximately 1 cm or less)

In these cases the ureter can be mobilised intraves-
ically, as for a conventional ureteric reimplantation,
and the ureter reimplanted in a conventional
Cohen cross-trigonal tunnel after excision of the
stenotic distal segment.
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Figure 6.17 The Politano—Leadbetter reimplanta-
tion procedure combined with psoas hitch, which is
often better suited to megaureters than the Cohen
cross-trigonal reimplantation technique.

Moderate to severe dilatation

The dilated ureter is identified extravesically and
mobilised down to the bladder, where the stenotic
segment 1s identified and excised. In older
children, it may be feasible to reimplant the ureter
via the original hiatus, but because of the difficulty
in creating the optimum ratio of ureteric width to
length of submucosal tunnel required to prevent
reflux, plication or tapering of the distal ureter is
usually advisable. Where the ureter is grossly
dilated, plication or tapering of the distal ureter is
combined with a Politano-Leadbetter reimplanta-
tion, which creates a longer antireflux submucosal
tunnel (Figure 6.17).

A psoas hitch procedure is also performed to
anchor the bladder to the psoas muscle in the
region of the entry point of the ureter into the

Figure 6.18 Method of ureteric plication using the
Starr technique.

bladder. This manoeuvre minimises the risk of
kinking and obstruction during bladder filling.
Although tapering (‘remodelling’) of the distal
ureter has been claimed to restore ureteric peristal-
sis, this is very doubtful. Plication by the Starr or
Kalicinski technique is more straightforward but
creates a bulkier ureter and, theoretically, a greater
risk of postoperative reflux (Figure 6.18).

The presence of bilateral obstructed mega-
ureters represents an indication for transureter-
oureterostomy, in which one ureter is reimplanted
using the Leadbetter-Politano procedure and
psoas hitch while the contralateral ureter is
disconnected from the bladder, rerouted across
the midline and anastomosed to the reimplanted
ureter.

Follow-up

Postoperative imaging with ultrasound and
isotope renography is undertaken after 6-12
months. However, a longer period of follow-up
may be required before there are demonstrable
improvements in the drainage curve component of
an MAG3 study. Likewise, where the ureter has
been grossly dilated for a prolonged period before
surgery, considerable patience may be needed
before significant improvement is seen on ultra-
sound. Any postoperative vesicoureteric reflux is
usually mild and self-limiting but, when it occurs,
a more prolonged period of postoperative antibi-
otic prophylaxis may be indicated.
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Key points

e PUJ obstruction is a heterogeneous

condition with a number of different
causes and a variable natural history.

e Hydronephrosis due to PUJ obstruction

accounts for 30-50% of clinically
significant prenatally detected
uropathies. A renal pelvic AP diameter
exceeding 30 mm is associated with a
significant likelihood of functional
impairment. Conversely, an AP diameter
of less than 15 mm is most unlikely to
denote significant obstruction.

e Conservative management of prenatally

detected PUJ obstruction is appropriate
when differential function is well
preserved and dilatation is mild to
moderate in severity.

e Magnetic resonance imaging can
combine anatomical and functional
information in a single investigation.
Further evaluation is required to
determine whether the benefits justify
the additional cost and the requirement
for anaesthesia in younger children.

e The advantages of laparoscopic
pyeloplasty (ideally via a retroperitoneal
approach) include better cosmesis,

reduced postoperative pain and shorter
hospital stay. Current evidence suggests
the technique is better suited to older
children and has few advantages over
open pyeloplasty in infants.

e Reimplantation of an obstructed
megaureter should be avoided in the
first year of life, when it has a higher
failure rate and carries a greater risk of
morbidity.
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Introduction

Some degree of upper urinary tract duplication is
tound in 0.8% of postmortem examinations and in
a rather higher proportion (2-3%) of patients under-
going intravenous urography (IVU) for various
indications. In approximately 40% of cases the
condition is bilateral. The anomaly is transmitted as
an autosomal dominant trait with incomplete
penetrance, so that among members of affected
families the incidence is of the order of 8%.

The great majority of duplications are of the
incomplete variety, with confluence of the ureters

Table 7.1
anomalies

Classification of complete duplication

Lower polar
Vesicoureteric reflux

Upper polar
Duplex-system ureterocoele
Suprasphincteric ureteric ectopia
Boys — vas, seminal vesicle, ejaculatory duct
Girls — bladder neck, proximal urethra
Infrasphincteric ureteric ectopia
Girls only — introitus, distal vagina

Management Duplex-system ureterocoele
Suprasphincteric ectopic ureter
Infrasphincteric ectopic ureter

Duplex-system vesicoureteric reflux
Single-system ureterocoele and ectopic ureter

occurring at some point above the ureteric orifice.
These forms of duplication rarely give rise to
clinical problems. In contrast, complete duplication
anomalies are often of clinical significance in terms
of symptoms, renal function or both. However,
complete duplication anomalies are far rarer, affecting
appreciably less than 0.1% of individuals, the major-
ity being females. Clinical presentation is nearly
always during childhood, and nowadays around 50%
of patients are detected by prenatal ultrasonography.
Complete duplication occurs bilaterally in approxi-
mately 25% of cases but in cases of bilateral duplica-
tion the pattern of abnormal anatomy is not
symmetrical. So, for example, it is possible for the
child to have a ureterocoele on one side and an
ectopic ureter in the contralateral upper tract.

Duplication anomalies
(Table 7.1)

Embryology

Normal ureteric and renal embryogenesis are
described in Chapter 1. A single ureteric bud which
arises normally from the mesonephric duct but which
then undergoes bifurcation leads to a variable degree
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Figure 7.1 Stephen’s hypothesis (see ‘Further
reading’). A ureteric bud arising from the normal region
of origin on the mesonephric duct (AEF) makes
contact with the central zone of metanephric blastema,
initiating normal nephrogenesis, the formation of a
healthy kidney and a ureteric orifice located on the
trigone. By contrast, a ureteric bud arising from an
abnormal site on the ureteric bud is more likely to
make contact with a peripheral zone of metanephric
blastema, with consequent renal dysplasia and an
ectopic ureteric orifice.

of incomplete duplication of the upper renal tract.
Complete duplication occurs when two ureteric buds
arise separately from the mesonephric duct.

As a rule, the more extreme the degree of
ectopia of the ureteric bud the greater the likelihood
that it will come to penetrate an abnormal zone
of metanephric tissue with resultant dysplasia
(Figure 7.1). An accessory ureteric bud which arises
in a caudal position on the mesonephric duct and
connects with the lower renal pole is absorbed into
the urogenital sinus, so that the ureteric orifice
opens in a superior and lateral position in relation to
the trigone, an anatomical configuration commonly
predisposing to vesicoureteric reflux to the lower
pole of the kidney (Figure 7.2).

An accessory bud that arises from the meso-
nephric duct in a more cephalad position than the

(a)

(b)

Figure 7.2 Embryological basis of complete duplica-
tion with lower pole reflux. (a) Accessory ureteric bud
(red) arising caudally on the mesonephric duct
(green) at around 6 weeks subsequently becomes
incorporated into the superolateral portion of the
trigone (b), with a short submucosal tunnel predispos-
ing to reflux. Relative positions of ureteric orifices on
trigone also illustrated.

normal site and which drains the upper renal pole
will come to enter the urinary tract in a distally
ectopic location (Meyer—Weigart law). It may
drain into either the bladder, the urethra or the
urogenital sinus (Figure 7.3). In females, such
ectopic ureters may be sited above the sphincter
mechanism (suprasphincteric), close to or at the
level of the striated sphincter (although usually
below the bladder neck), or distal to the sphincter
(infrasphincteric), either at the introitus or in the
distal vagina. In males, the termination is always
suprasphincteric, connecting with the vas, the
seminal vesicle or, most often, the ejaculatory duct.
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(a)

(b)

Figure 7.3 Embryological basis of complete duplica-
tion with upper pole ureteric ectopia. (a) Accessory
ureteric bud (blue) with an abnormally cephalad site of
origin on the mesonephric duct (green). (b) By 12
weeks the upper pole ureter has been carried with the
mesonephric duct to an abnormally distal ectopic
location (Meyer—Weigart law). Relative positions of
ureteric orifices on trigone/bladder neck also illustrated.

Pathology

Ureteric ectopia is usually associated with a
dysplastic renal pole, while the ureter itself is
frequently dilated, either as a consequence of
reflux, obstruction or dysmorphism. Even in the
absence of dysplasia, the affected pole typically
exhibits some degree of dilatation, the only
common exception being in some girls with infra-
sphincteric ectopia.

Duplex-system  ureterocoeles  (defined as
cystic dilatation of the terminal portion of the
ureter draining the upper pole) may lie entirely
within the bladder (Figure 7.4a,b) or may
encroach beyond the bladder neck (ectopic urete-
rocoele) (Figure 7.4c,d). In the rare and most
extreme form, caecoureterocoele, which is
confined to girls, the ureterocoele prolapses
deeply posterior to the urethra (Figure 7.4¢). As
would be expected, dysplasia of the upper pole
parenchyma is the rule with duplex-system urete-
rocoeles, usually to the extent that the upper pole
has little if any useful function.

In addition to the primary anomaly, duplex-
system ureterocoeles may be associated with one
or more of the following:

e Coexisting vesicoureteric reflux to the
ipsilateral lower pole is present in 50% of
cases and is usually of moderate severity (e.g.
grade I-III reflux). More severe lower pole
reflux is generally associated with significantly
impaired function of that pole.

e Obstruction of the ipsilateral lower pole
ureter is rare but when it occurs is due to
extrinsic compression by a tense ureterocoele
or dilated upper pole ureter. In this situation
lower pole function is usually well preserved as
the obstruction is a secondary phenomenon
and hence is not associated with dysplasia.

e Dilatation of the ipsilateral upper pole ureter
is usually, although not always, associated with
corresponding dysplasia of the upper pole.
Although conventionally ascribed to obstruc-
tion by a stenotic ureteric orifice, this dilatation
(which may be massive) in reality represents
primary dysmorphism of the ureteric wall.

e Bladder outflow obstruction is usually
caused by an ectopic ureterocoele. This can
compromise upper tract renal function on the
contralateral side.

¢ Contralateral vesicoureteric reflux is often an
incidental finding and is present in 25% of cases
but seldom exceeds grade III in severity.

e Prolapse of the ureterocoele into the urethra
is a rare complication confined to girls.
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(a)

(b)

Figure 7.4 Ureterocoeles: embryology and classification. (a) Delay in canalisation of the upper ureteric bud at
around the time it makes contact with the upper pole metanephric blastema results in cystic dilatation subse-
quently resulting (b) in the formation of a duplex ureterocoele. (c) Single-system orthotopic ureterocoele.
(d) Duplex ectopic ureterocoele. (e) Caecoureterocoele. Large ureterocoele extending distally downward from
the deficient trigone towards the perineum in a plane between the urethra anteriorly and the vagina posteriorly.

Incidence

Duplex-system ureterocoeles occur in approxi-
mately 0.02% of individuals, of whom 80% are
female. A slight majority of ureterocoeles are left-
sided and in 10% of cases the lesion is bilateral.

Ectopic ureter is still rarer, affecting some 0.01%
of individuals, mostly females.

Some degree of contralateral duplication,
usually incomplete, is found in 80% of cases, and
in 10% of cases of infrasphincteric ectopia the
anomaly exists bilaterally. The incidence of
complete duplication with lower pole reflux is
difficult to determine as not all cases can be
detected by prenatal ultrasonography, nor do all
affected individuals present clinically. At a best
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Figure 7.5

Prolapsed ureterocoele emerging at the
introitus of a newborn infant.

estimate, no more than 0.04% of the population
are affected.

Clinical presentation
Duplex-system ureterocoele

Approximately 60% of children with these
anomalies are currently identified by prenatal ultra-
sonography. Clinical presentation, usually during
infancy, is most commonly with urinary infection,
typically with marked constitutional upset and
occasionally with Gram-negative septicaemia. Other,
rarer, modes of presentation include acute or
chronic urinary retention and, in females, urethral
prolapse of the ureterocoele (Figure 7.5).

Suprasphincteric ectopic ureter

These anomalies are frequently detected prenatally
by virtue of dilatation of the upper pole ureter or
collecting system. Clinical presentation is almost
invariably with urinary infection, which, in males,
may be manifest as epididymo-orchitis (Figure 7.6).

Infrasphincteric ectopic
ureter (Figure 7.7)

If not picked up prenatally, the clinical presentation
is classically characterised by constant dribbling of
urine superimposed upon an otherwise normal
pattern of micturition, a clinical picture that distin-
guishes it from all other causes of incontinence.

Figure 7.6 Micturating cystogram showing reflux
into distal portion of an ectopic upper pole ureter in a
male.

Figure 7.7 Diagrammatic representation of duplex-
system infrasphincteric ureter.

However, the history is not always so straight-
forward. Some girls remain dry overnight, whereas
others with a vaginal ectopic ureter are nevertheless
able to remain dry for brief periods during the day.
Occasionally the clinical picture is further confused
by secondary changes in the pattern of normal
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micturition: for example, marked urinary frequency
prompted by the parents’ increasingly desperate
efforts get their daughter dry. Lastly, where the
affected upper renal pole is severely dysplastic, the
quantity of urine produced by it may be so reduced
that it pools within the vagina, becomes infected
and presents as vaginal discharge. Vaginal discharge
is a relatively common complaint and this rare
presentation of ureteric ectopia represents one of
the few significant underlying causes.

Physical examination is usually unrewarding,
although occasionally the presence of constant, slight,
urinary leakage may be observed at the introitus.

Investigations
Ultrasound

Ultrasound is the investigation of first choice by
virtue of its ability to pick up dilatation of the
upper or lower pole of the duplex kidney. Dilata-
tion confined to the lower pole may be due to:

o Vesicoureteric reflux. In this situation it is
usually also possible to visualise a dilated ureter
behind the bladder.

e Pelviureteric junction obstruction. When PUJ
obstruction affects a duplex kidney; it almost
always involves the lower pole (see Chapter 6).

Dilatation affecting only the upper renal pole may
be due to:

e Duplex-system ureterocoele. In such cases the
associated ureterocoele is always readily imaged
within the bladder (Figure 7.8), provided it is full.

e Ureteric ectopia. As a rule, the dilated distal
ureter can be visualised behind the bladder. In
some girls with infrasphincteric ectopia the upper
renal pole is not hydronephrotic but is small and
dysplastic and consequently difficult or impos-
sible to detect by ultrasonography (‘cryptic
duplication’).

Dilatation affecting bot/s renal poles is almost
always due to duplex-system ureterocoele.

Figure 7.8 Bladder ultrasonography demonstrating
a large ureterocoele within the bladder and the dilated
upper pole ureter behind the bladder.

LT POST LEAP

CT=8

. /

Figure 7.9 DMSA scintigrapy in a child with bilateral
duplex-system ureterocoeles. Left upper renal pole is
non-functioning and there is only minimal function in
the thin rim of renal parenchyma overlying the grossly
dilated right upper pole. Both lower poles exhibit
normal function.

DMSA scintigraphy

Dimercaptosuccinic acid (DMSA) scintigraphy
should be undertaken routinely to assess the distribu-
tion of function in the duplex kidney (Figure 7.9).
Areas of interest drawn around the upper and lower
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Figure 7.10 DMSA scintigraphy in a case of ‘cryptic’
duplication. The subtle defect at the left upper pole
represents a non-functioning, non-dilated moiety.

poles enable the differential function of each moiety
to be calculated. DMSA is also of occasional use in
detecting ‘cryptic duplication’ (Figure 7.10) (see
Chapter 3).

Micturating cystourethrography
(MCU)

An MCU is an essential investigation for patients
suspected of having lower pole vesicoureteric
reflux. In the presence of a complete duplication
anomaly, reflux is almost always restricted to the
lower renal pole (Figure 7.11). Reflux into both
poles is usually indicative of incomplete duplica-
tion. Where the reflux differs in severity between
the two moieties and is more marked in the lower
pole (Figure 7.12), the ureteric confluence is likely
to be very low, and immediately proximal to the
ureteric orifice. Cystography is also routinely
advisable in patients with duplex-system uretero-
coele in view of the high incidence of reflux, both
ipsilateral and contralateral. Similarly, in supra-
sphincteric ectopia, the cystogram may demon-
strate reflux to the upper pole during voiding.

Figure 7.11
bilateral lower pole vesicoureteric reflux. Note the
absence of upper pole calyces and ‘drooping flower
appearance of the lower pole pelvicaliceal systems. On
the left there is lateral displacement of the kidney and
‘scalloping’ of the ureter, owing to the presence of a
grossly dilated upper pole ureter terminating ectopically.

Micturating cystogram demonstrating

Intravenous urography

The IVU retains an occasional role in the evalua-
tion of duplex systems, particularly in the detection
of ‘cryptic duplication’, the radiological signs of
which may include an ‘absent’ upper calyx and
lateral and downward displacement of the lower
moiety, an appearance on IVU which has been
likened to a ‘drooping flower’ (Figure 7.13).
A further radiological sign is the ‘scalloped’
appearance of the lower polar ureter. With the
exception of the ‘absent” upper pole calyx, these
radiological signs are caused by the presence of a
dilated, non-visualised, drainage system arising
from the upper renal pole. In addition, the discov-
ery of an incomplete duplication anomaly on one
side may raise the possibility of ‘cryptic duplication’
in the contralateral upper tract.
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Figure 7.12 Micturating cystography demonstrating
bilateral vesicoureteric reflux. Incomplete duplication
on the right. (The disparity between the upper and
lower pole reflux on the right is indicative of ureteric
confluence just proximal to the ureteric orifice.)

Cystoscopy and examination under
anaesthetic

Cystoscopy 1s routinely advisable for the assess-
ment of duplex-system ureterocoeles, principally in
order to determine whether or not the lesion is
ectopic (Figure 7.14). In girls with a suprasphinc-
teric ectopic ureter, the ectopic ureteric orifice is
visualised on cystoscopy immediately below the
bladder neck. Examination under anaesthetic may
also reveal an ectopic orifice in girls with infra-
sphincteric ectopia, although failure to identity an
ectopic orifice is not unusual and by no means
excludes this diagnosis.

Methylene blue test

With the introduction of magnetic resonance
imaging (MRI), the methylene blue test for an

A

Figure 7.13 Intravenous urogram demonstrating left
duplication with non-functioning upper pole. A left
upper calyx is not visualised, the lower pole is
displaced laterally and downwards (‘drooping flower’)
and the lower pole ureter is deviated (‘scalloped’) by
the presence of the grossly dilated upper pole ureter.

ectopic ureter associated with a ‘cryptic duplica-
tion’ is now of largely historic interest. Methylene
blue is instilled into the bladder via a catheter,
which is then removed, and a pad is placed upon
the vulva. If subsequent wetting of the pad is ‘blue’
the incontinence is due to a bladder problem, but
if the fluid on the pad is ‘clear’ the diagnosis of
infrasphincteric ectopia is confirmed.

Magnetic resonance imaging
(Figure 7.15)

MRI is an attractive form of investigation, since it
has the potential to clarify anatomy and provide
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Figure 7.14 Endoscopic appearances of a duplex
ureterocoele at the level of the bladder neck.

functional information without exposure to radia-
tion. The major disadvantage is the requirement for
general anaesthesia or sedation in children to ensure
they remain still while the scan is being performed
(see also Chapter 3). Nevertheless, this investiga-
tion is undoubtedly justified in children with
complex or elusive forms of duplication in view of
the superior quality of the images and anatomical
information yielded by MRI. Indeed, the recent
development of fast three-dimensional scanners,
combined with MR urography, represents a major
advance in the investigation of duplex systems.

Management
Duplex-system ureterocoele

Management of this anomaly is influenced by a
number of factors, including the mode of presenta-
tion and the presence of any associated or second-
ary effects of the ureterocoele on the upper renal
pole, the ipsilateral lower renal pole, the bladder
and the contralateral upper renal tract.

In an appreciable proportion of cases detected
by prenatal ultrasonography, none of these

Poorly functioning
upper pole

Ectopic ureter
posterior to the
bladder and
draining distally
into the vagina

Figure 7.15 MR urogram demonstrating an ‘occult’
duplex ectopic ureter which had been suspected from
the history but could not be confirmed by conventional
imaging techniques: (a) upper pole moiety and associ-
ated ectopic ureter clearly visualised; (b) transverse
image demonstrating the ectopic ureter lying posterior
to the bladder base.

considerations apply as the affected infants are
asymptomatic and the urinary tract is normal,
apart from the ureterocoele itself and the small and
severely dysplastic upper renal pole. Whether any
surgical intervention is indicated in such cases,
especially for those with small ureterocoeles,
remains debatable.
There are several
intervention.

options for surgical

Endoscopic ureterocoele incision
(Figure 7.16)

The indications for this technique of decompress-
ing a ureterocoele are:
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Figure 7.16 Diagrammatic illustration of the simplest
form of intervention — endoscopic puncture.

e in antenatally detected cases where the uretero-
cocle is prolapsing, or risks obstructing the
bladder outlet

e as a temporising measure in patients presenting
acutely with gross upper polar sepsis.

Although endoscopic incision is the least-invasive
form of intervention, it does carry the risk of induc-
ing upper pole reflux. To minimise this risk, it is
important to make the incision in the ureterocoele
as close to the bladder wall as possible. Favourable
medium-term results published from some centres
indicate that endoscopic incision alone may repre-
sent adequate treatment in selected cases, principally
those detected antenatally. However, in other cases,
and probably a majority, some more definitive form
of surgery is eventually required. Further long-term

outcome studies are required to fully evaluate the
indications and effectiveness of endoscopic incision.

Upper pole heminephrectomy

This procedure is usually the first choice in cases
where upper polar function is severely compro-
mised. When performed via an open surgical
approach, the upper moiety is excised, together
with as much of the ureter as can be safely
mobilised and excised through the same incision.
The ureterocoele is aspirated and drained via the
ureteric stump, which is left in situ (Figure 7.17a).
The laparoscopic approach is being used increas-
ingly and has the advantage that the ureter can be
removed almost in its entirety (see Chapter 23).
Surgery confined to removal of the upper pole
and a varying length of ureter (the ‘simplified
approach’) represents definitive treatment in the
majority of patients, with subsequent excision of
the ureteric stump and ureterocoele and reimplan-
tation of the lower polar ureter being required in
only 10-20% of cases.

Pyelopyelostomy (Figure 7.17b)

This procedure is only appropriate for the small
percentage of cases in which there is a useful
degree of function in the upper pole which is
accompanied by a degree of dilatation of the lower
renal pole pelvis/proximal ureter. The upper pole
pelvis is divided, separated from the ureter and
anastomosed to the pelvis of the lower pole. The
defunctioned upper pole ureter and ureterocoele
are then aspirated to ensure they are emptied and
tully decompressed.

Ureterocoele excision and
reimplantation (Figure 7.17c)

This procedure is employed when there is useful
upper pole function and no dilatation of the lower
pole. In these circumstances the ureterocoele is
usually intravesical and the upper pole ureter only
moderately dilated, thereby enabling straightfor-
ward reimplantation of the conjoined ureters
(Figure 7.18), once the ureterocoele has been
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(d)

Figure 7.17 Open surgical options. (a) Normal lower pole, non-functioning upper pole — managed by upper
pole heminephrectomy, excision of the proximal ureter via the same incision, and aspiration of the residual upper
pole ureteric stump (‘simplified approach’). (b) Functioning upper pole, dilated lower pole — management by
pyelopyelostomy. Excision of proximal upper pole ureter and aspiration of ureteric stump. (c) Functioning upper
pole, non-dilated lower pole — management by excision of ureterocoele and reimplantation of conjoined duplex
ureters. (d) Heminephroureterectomy with excision of ureterocoele (often necessitating lower pole ureteric
reimplantation). Definitive surgical treatment, but a major procedure requiring two separate incisions.

excised. As a rule it is preferable to delay this
operation until after 1 year of age, because of the
risk of interfering with bladder function.

Nephrectomy

Nephrectomy is appropriate when the function of
both renal poles is severely compromised. Reflux-
ing ureters should be excised, but a non-refluxing
ureteric stump may be left in situ provided the
ureterocoele is aspirated.

Upper pole heminephrectomy,
ureterectomy and ureterocoele
excision (Figure 7.17d)

This is the most extensive operation for a duplex-
system ureterocoele. It requires the use of two
incisions and is a potentially lengthy and technically
challenging surgical undertaking (Figure 7.19).
Particular care is required when excising a caecourete-
rocoele in view of the risk of damage to the bladder
neck and striated sphincter mechanism. Other
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Figure 7.18 Duplex ureters in common sheath after
transvesical mobilisation.

'1;‘\

Figure 7.19
ureterocoele exposed transvesically.

Intraoperative appearance of large

possible iatrogenic complications include vesicovagi-
nal fistula. To minimise the risk of complications the
bulk of the ureterocoele should be excised from
above, the detrusor and mucosal defect closed, and
any remaining distal lip resected endoscopically from
below. Reimplantation of the ipsilateral lower pole
ureter is often required, and care is needed when
mobilising the dilated upper pole ureter to avoid
damaging or devascularising the healthy lower pole
ureter. An alternative approach consists of laparo-
scopic upper tract surgery (heminephroureterec-
tomy) coupled with an open bladder procedure to
accomplish excision of the ureterocoele and any
associated intravesical procedures.

Suprasphincteric ectopic ureter

Indications for surgical intervention are relative,
not absolute, and centre on recurrent urinary infec-
tion resulting from the presence of the ectopic
ureter. In the great majority of cases, with negligi-
ble upper polar function, heminephrectomy is
sufficient. However, when this form of ectopic
ureter is also associated with upper pole reflux it
is necessary to remove the ureter. This can be
achieved by an open approach, using a separate
abdominal incision to take the dissection and excision
of the ureter down as close to the urethra as is
practicable. Alternatively, this procedure can be
performed laparoscopically. In the rare case with a
useful degree of function in the upper pole, the
ectopic ureter may be reimplanted into the bladder.
If] as is usual, the distal ureters are conjoined, it is
necessary to reimplant them both together en bloc.

Infrasphincteric ectopic ureter

As previously indicated, the main problem with this
anomaly lies in its diagnosis rather than treatment. It
is always worth bearing in mind that in some 10%
of cases the lesion is bilateral and that the finding of
a duplex system on one side should always prompt
consideration of the possible presence of a cryptic
contralateral upper pole associated with an ectopic
ureter. Excision of the affected upper renal pole(s)
invariably cures the presenting complaint. Ureteric
reimplantation (or pyelopyelostomy) may be consid-
ered for the very occasional case having useful
function in the upper pole.

Vesicoureteric reflux

As a rule, management of vesicoureteric reflux
in the presence of a duplication anomaly runs
along the same lines described for reflux generally
(Chapter 5). There are, however, two particular
teatures relating to complete duplication anomalies
which may influence management.

Persistent reflux, lower pole reflux

This condition, especially if severe, is less likely
to resolve spontaneously than is the case with
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single-system reflux. For this reason antireflux
surgery is more commonly required (although only
where there are positive indications, such as break-
through infections while on antibiotic prophylaxis,
or infections following discontinuation of prophy-
laxis). Because endoscopic correction (STING
procedure) tends to be less eftective in the presence
of complete duplication, open surgical reimplanta-
tion is more often required than with reflux into
single ureters. The adjacent ureteric orifices are
circumcised together and the underlying ureters
then mobilised en bloc in their common sheath.

Lower pole dysplasia

In a proportion of cases DMSA scintigraphy demon-
strates grossly impaired function in the affected
lower pole that almost invariably represents
congenital dysplasia rather than acquired infective
scarring. When surgical intervention is indicated,
this should take the form of lower pole nephrec-
tomy, along with excision of the ureter down to the
point where it enters a common sheath with the
upper polar ureter.

Pelviureteric junction obstruction

This condition almost invariably affects the lower
pole and is managed as other PUJ obstructions
(see Chapter 6).

Single-system ureterocoele
and ectopic ureter

Single-system ureterocoeles
Clinical features

These lesions, which occur more commonly in boys
than girls, almost always lie entirely within the bladder
(orthotopic ureterocoeles). Whereas the anomaly can
be detected prenatally, it also comes to light in later
childhood as a largely incidental finding on ultra-
sonography or intravenous urography.
Single-system ureteroceles which present clini-
cally usually do so with urinary infection but, very

Figure 7.20
right-sided orthotopic (single-system) ureterocoele
with brisk uptake of contrast, indicating good preser-
vation of renal function.

Intravenous urogram demonstrating a

occasionally, they may also present with bladder
outtlow obstruction causing intermittent retention,
or symptoms related to calculi. Upper tract dilata-
tion is absent or of mild to moderate severity and,
in most cases, renal function is normally preserved
(Figure 7.20).

Management

Indications for surgical intervention comprise:

e symptoms
e upper renal tract obstruction.

Endoscopic incision is the simplest and least-
invasive form of treatment but, because of the risk
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Figure 7.21 The anatomy of a single-system infra-
sphincteric ectopic ureter. The arrow indicates that the
affected kidney may be sited ectopically.

of inducing reflux, some paediatric urologists
believe it is preferable to excise the ureterocoele
and to reimplant the underlying ureter.

Opinion is divided on the management of small
orthotopic ureterocoeles, with some advocating
‘prophylactic” endoscopic incision and others favour-
ing simple observation.

Single-system ectopic ureter

Single vaginal ectopic ureter
(Figure 7.21)

This anomaly is less common than duplex-system
ectopia as a cause of urinary incontinence in girls.

The ureter terminates ectopically in the vagina,
usually around the junction of the middle and
distal thirds, and the clinical presentation is the
same as for infrasphincteric duplex-system
ectopia, namely continuous dribbling of urine
superimposed upon otherwise normal micturi-
tion. Similarly, this condition presents diagnostic
rather than therapeutic difficulties, partly because
the affected kidney, being small and dysplastic, is
difficult to image, and partly because it may lie
ectopically anywhere from the lumbar region to
the pelvis.

An initial ultrasound examination often reports
‘unilateral renal agenesis’, but a more purposeful
search may locate the kidney. DMSA scintigraphy
and MRI may be helpful in locating a small kidney
which cannot be visualised by ultrasound. The
diagnosis may also be confirmed by identification
of the ectopic orifice and retrograde contrast
studies or, as a last resort, by laparoscopy. Nephrec-
tomy is curative.

Unilateral urethral ectopic ureter

In this rare anomaly, virtually confined to girls,
the single ureter terminates ectopically in the
proximal urethra. The function of the overlying
kidney is usually impaired — sometimes severely
so — presumably as a result of congenital dysplasia.
The ureter is usually sufficiently dilated to be
detectable by ultrasonography.

When not picked up by prenatal ultrasonogra-
phy, the anomaly generally presents with urinary
infection. In symptomatic cases with useful renal
function, the ureter can be reimplanted into the
bladder, if necessary with trimming if the ureter is
markedly dilated. Otherwise, nephrectomy is
indicated.

Bilateral single ectopic ureters

This exceptionally rare anomaly affects girls
more often than boys. Both single ureters termi-
nate ectopically in the proximal urethra. The
bladder neck and external urethral sphincter are
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Figure 7.22 Intravenous urogram in a child with
bilateral single ectopic ureters. Both ureters drain
infravesically and the bladder is of small capacity.

incompetent, and the bladder itself is usually small
(Figure 7.22). As a rule both kidneys are aftected
by a degree of dysplasia (sometimes severely so),
while the ureters tend to be dilated and are thus
detectable by ultrasonography. Presentation may
be either with continuous dribbling incontinence
in childhood or with symptoms of renal insuffi-
ciency in infancy.

Treatment requires reimplantation of the ectopic
ureters into the bladder, plus augmentation cysto-
plasty when the bladder is small. Finally; it is neces-
sary to deal with the sphincteric incompetence,
either by bladder neck repair or by bladder neck

closure along with a Mitrofanoff procedure.

Key points

e Incomplete duplication is relatively
common and is often of little or no
clinical significance. By contrast,
complete duplication is rarer and is
more frequently associated with
symptoms, impaired function or both.

e Complete duplication anomalies
can be divided, on the basis
of their embryology, into those
affecting principally the upper
renal pole (ureterocoele,
suprasphincteric or infrasphincteric
ectopic ureter) or those affecting the
lower renal pole (vesicoureteric reflux,
pelviureteric junction obstruction).

e Renal dysplasia of the upper or
lower pole is common in all forms
of complete duplication.

e Infrasphincteric ectopic ureter in girls,
leading to urinary incontinence,
often presents problems with diagnostic
imaging because the affected
upper renal pole tends to be
severely dysplastic. However, MRI is
becoming a valuable imaging
technique for investigating cryptic or
complex duplex systems.

e Experience with laparoscopic
heminephrectomy is limited at
present but this approach has the
advantage of permitting access to
most or all of the upper pole ureter,
thus avoiding the need for a
suprapubic incision.

e Open bladder surgery may
still be required for large ureterocoeles.
Although the endoscopic puncture
of ureterocoeles is simple and
relatively non-invasive, the long-term
results have yet to be fully evaluated.
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Introduction

With the exception of strictures, urethral obstruc-
tion in childhood is congenital in origin and of
the various causes of urethral obstruction only
posterior urethral valves commonly give rise to
secondary changes in the upper renal tracts —
sometimes with devastating consequences. There
is increasing evidence to indicate that the conse-
quences of outflow obstruction are due as much to
secondary eftects upon bladder function as to the
underlying obstruction itself. Moreover, the earlier
the obstruction develops the worse the impact on
the upper tracts, to the extent that obstruction
dating from early fetal life is commonly compli-
cated by renal dysplasia.

Posterior urethral valves

Hugh Hampton Young in 1919 described the
first classification of this condition based on
postmortem dissection studies. Posterior urethral
valves carried a mortality rate of almost 100%
during the early years of the 20th century and
remained as high as 50% until the 1950s.

By contrast, the mortality reported in one recent
series was only 0.3%, but this improvement has

Prognosis

Long-term management
Anterior urethral diverticulum
Urethral duplication
Other urethral pathology

come at the expense of a greater proportion of
young patients in chronic renal failure.

Posterior urethral valves occur only in males, in
whom the incidence is of the order of 1 in
4000-6000. Although a few familial cases have
been recorded, including in siblings, there is no
established genetic predisposition.

Anatomy

Recent studies have challenged Young’s classifi-
cation, based on postmortem studies, which
identified three types of valvular obstruction.
Dewan and Ransley’s anatomical and endoscopic
studies point to a single configuration comprising
an obliquely orientated congenital obstructive
posterior urethral membrane (COPUM) with a
variably sized eccentric aperture located within it
(Figure 8.1), arising from the verumontanum,
extending through the region of the external
urethral sphincter to attach to the anterior urethral
wall. Following urethral instrumentation, includ-
ing catheterisation, the membrane is disrupted in
the midline to result in the appearance of two
separate, side-by-side valve leaflets described as the
classical type I valves by Young. Type III valves are
uncommon (5%) and are best described as a trans-
verse perforated membrane in the bulbar urethra
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Figure 8.1

Endoscopic appearance of intact valve
membrane prior to endoscopic ablation.

with no attachment to the verumontanum. More-
over, type I valves, which are described as leaflets
that extend upwards from the verumontanum, are
non-obstructive folds of mucosa of no clinical
significance.

Pathophysiology

The valvular obstruction develops at approxi-
mately 7 weeks’ gestation as a result of abnormal
embryogenesis at the confluence of mesonephric
ducts and the urogenital sinus membrane. The
consequent dilatation of the fetal urinary tract may
be detectable by ultrasonography as early as the
14th week of gestation.

Studies of experimentally induced fetal bladder
outflow obstruction in animals have established
the following:

e Early outflow obstruction leads to abnormali-
ties in bladder wall components with an
increase in the collagen element, aberrations in
the nerve supply and renal dysplasia (which is
characterised on histology by the presence of
primitive tubules and the persistence of abnor-
mal mesenchymal derivatives such as cartilage
interspersed between normal renal tissue).

e Obstruction in later gestation results in the
typical sequelae of chronic bladder outflow
obstruction and raised intravesical pressure,
without the occurrence of renal dysplasia.

Clinical experience indicates that the consequences
of obstruction by posterior urethral valves in man
may exist at these extremes or at any point between
them. Thus, the long-term prognosis in an individ-
ual with this disorder is determined by a combina-
tion of the degree of early abnormal development,
involving the urethra, bladder, kidneys and the
ureters, and the severity of late secondary eftects of
outtlow obstruction on the bladder and the upper
urinary tract.

The relative contributions made by these differ-
ent factors to the functional outcome of bladder as
well as renal function is often difficult to deter-
mine, and therefore predicting long-term outcomes
is usually difficult. The urinary tracts of boys
with posterior urethral valves must therefore be
monitored through childhood, particularly during
teenage and adolescent years.

Presentation
The fetus

Currently more than 80% of cases are detected on
prenatal ultrasound. Although the underlying
urethral anomaly dates from the seventh to the
ninth week of gestation, dilatation of the urinary
tract may not develop until much later in
pregnancy. Fifty five per cent of cases of prenatally
detected posterior urethral valves are picked up on
routine maternal ultrasound performed between
16 and 20 weeks. In the remaining cases, the
appearances of the fetal urinary tract are normal in
the second trimester, and the condition is detected
in later pregnancy as a result of scans performed
for obstetric indications.

Functional outcome is closely linked to the
gestational age at which dilatation becomes appar-
ent, and studies have shown that when the condi-
tion is detected at 16-20 weeks the prognosis is
likely to be poor, especially if oligohydramnios is
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also present. In pregnancies which proceed to
term, a severely affected infant often demonstrates
teatures of Potter’s syndrome at birth (characteris-
tic facies — Potter’s, skeletal ‘moulding’ deformi-
ties), and death supervenes in the early newborn
period as a result of pulmonary hypoplasia.

In the absence of second-trimester oligohydram-
nios the functional prognosis is linked to the sever-
ity of dilatation and other prognostic features on
second-trimester ultrasound (Table 8.1).

Various biochemical constituents of fetal urine
(sodium, calcium, B,-microglobulin, osmolality)
have been studied as possible prognostic markers,
but there is considerable overlap with normal
values and predictive sensitivity is poor (see
Chapter 10).

In cases where dilatation develops later in gesta-
tion, the prognosis is generally good. In addition
to dilatation and renal dysplasia (bright kidneys),
other findings detected by fetal ultrasound include
lung hypoplasia, urinary ascites and perinephric
urinomas.

The neonate

Symptoms usually relate to bladder outflow
obstruction or, less often, to the effects of impaired
renal function. Listlessness, poor feeding, irritabil-
ity and failure to thrive are common. The urinary
stream, if witnessed, is usually poor. The bladder is
palpable in most instances; the kidneys may also be
palpated. Urinary ascites occurs as an occasional
complication.

The infant

Presentation in infancy is generally with a urinary
infection (Chapter 4) and in the majority of cases
physical signs are absent.

Gram-negative sepsis and renal failure with
gross electrolyte disturbance were common forms
of presentation but with increasing detection by
prenatal ultrasound and heightened awareness of
urinary infection among infants they have become
unusual. Chronically impaired renal function is
usually manifest as poor growth.

Table 8.1 Ultrasound features of posterior
urethral valves in the fetus

Male fetus
Bilateral upper tract dilatation
Persistently distended full bladder

Predictors of poor functional outcome and
early-onset renal failure

Detection before 24 weeks’ gestation

Bladder wall thickening

Echo-bright kidneys (renal dysplasia)
Oligohydramnios

The older child

Presenting features may include manifestations
of renal failure such as growth retardation,
urinary infections or voiding symptoms (typically
prolonged voiding, rather than a poor urinary
stream as such). In addition, the diagnosis of
posterior urethral valves is occasionally made
during the investigation of diurnal or nocturnal
enuresis.

Investigations
Prenatal

The presence of posterior urethral valves can only
be inferred from the ultrasound appearances of a
distended fetal bladder and dilated upper tracts
(Figure 8.2), as the alternative diagnoses include
urethral atresia (always lethal), prune-belly syndrome,
megacystis—microcolon intestinal hypoperistalsis
syndrome, and marked primary vesicoureteric
reflux. However, the diagnosis can be made with
more certainty if there is dilatation of the posterior
urethra — the so-called “keyhole sign’ (Figure 8.3).

Postnatal

Ultrasonography is the initial investigation, the
relevant findings comprising upper tract dilatation
(which is sometimes only unilateral), perinephric
urinoma (occasionally), thickening of the bladder
wall, with or without residual urine, and, if
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Figure 8.2 Prenatal ultrasound demonstrating marked
dilatation of both fetal kidneys and the fetal bladder. The
fetal spine and thorax are clearly visible in both these
longitudinal images.

Figure 8.3 Ultrasound appearances illustrating the
diagnostic ‘keyhole sign’. Dilated (thick-walled) bladder
and dilated posterior urethra.

voiding views can be obtained, dilatation of the
posterior urethra.

Micturating cystourethrography (MCU) provides
the definitive diagnosis, with a range of findings,
as illustrated in Figures 8.4-8.6. Vesicoureteric
reflux is present in 40-60% of cases at the time of
initial evaluation and is unilateral in approximately
two-thirds of cases.

Initial assessment also includes measurement of
electrolyte balance and renal function (it should
be noted that in the first 48 hours of life serum creati-
nine levels are a reflection of maternal renal function).

Figure 8.4 Newborn infant: micturating cystourethro-
gram (MCU) findings. Grossly dilated posterior urethra,
indentation by prominent bladder neck, small trabecu-
lated bladder.

Figure 8.5 Newborn preterm infant, prenatal diagno-
sis. Heavily trabeculated bladder with diverticulum,
prominent bladder neck, and demarcation between
dilated posterior urethra and non-dilated distal urethra
at the site of the valve membrane.
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Figure 8.6 MCU in a boy presenting in the first year
of life with urinary infection. Smooth-walled non-
trabeculated bladder, unilateral grade IV reflux.

Treatment
The fetus

The rationale for fetal intervention derives from
experimental studies, which demonstrated that
experimentally induced obstructive renal damage
could be ameliorated by intrauterine decompres-
sion of the obstructed fetal bladder. However, the
extent to which these experimental findings can be
translated to humans remains unclear. In clinical
practice, prenatal intervention, in the form of
vesicoamniotic shunting, has a chequered history
and the weight of published experience indicates
that it may have a limited role. Evaluating the
possible benefits of vesicoamniotic shunting during
pregnancy in the management of posterior urethral
valves is subject to the following limitations:

e Posterior urethral valves can be difficult to
diagnose with certainty.

e Renal failure may not supervene until late child-
hood or adolescence; thus it is difficult to assess
the true impact of intervention.

e There are no controlled trials to compare the
outcome in boys who were treated in utero
against those who were not.

In order to address this very important issue, a
UK-wide trial is currently underway (PLUTO).
This is a multicentre trial, which will assess the
effects of prenatal vesicoamniotic shunting on
known outcomes of bladder and renal function
in boys with posterior urethral valves. The
results may enable us to address more clearly
the role of intervention in bladder outflow
obstruction.

Experience with intrauterine valve ablation was
reported with enthusiasm and optimism, but no
long-term outcomes are available.

Termination of pregnancy is the most common
form of prenatal intervention, particularly
when severe dilatation and associated oligohy-
dramnios are detected in early pregnancy. In these
circumstances decompression of the obstructed
urinary tract is of little if any benefit for renal
function, since irreversible renal dysplasia is
almost invariably present. However, there is
reasonable evidence of some beneficial effect on
pulmonary hypoplasia.

Elective preterm delivery represents another
form of intervention, and it may be beneficial in
cases of rapidly progressing late-onset dilatation. It
is important to balance lung maturity with the risk
of progressive renal damage in deciding the
optimum timing for preterm delivery.

Between these extremes, vesicoamniotic shunt-
ing may have a role in the presence of early obstruc-
tion and preserved renal function. However, the
procedure carries an appreciable risk of fetal
morbidity, which although only 5% in skilled hands
is higher in some published series.

Two previous studies of the long-term outcome
of shunting reported high intrauterine and neonatal
mortality rates and an incidence of renal failure of
more than 50% amongst survivors. A more recent
study, however, reported that survivors experienced
normal neurodevelopment, acceptable renal and
bladder function and a satisfactory quality of life.

Although the role of fetal intervention remains
controversial, there is universal agreement that
prenatal diagnosis has been beneficial by ensuring
that the treatment of posterior urethral valves can
be undertaken promptly and the risk of serious
sepsis minimised.
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Figure 8.7 Cold knife and cutting resectoscope loop
for use with neonatal resectoscope. The availability of
instruments designed for neonatal use has simplified
management and greatly reduced the incidence of
instrumentation-induced urethral trauma.

The neonate

To minimise risk of electrolyte disturbances or of
urinary infection the obstruction should be
relieved promptly.

Urethral or suprapubic bladder
drainage

The usual primary treatment, this will remain for
7-10 days to obtain baseline renal function.

Endoscopic valve ablation

Modern miniaturised endoscopes (Figure 8.7) are
used even in small premature neonates. The valve
leaflets are incised from margin to base (rather
than fully resected), conventionally at the 4 and 8
o’clock positions (Figure 8.8). Unless significant
intraoperative bleeding is encountered, postopera-
tive catheterisation is unnecessary.

Valve leaflets
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Figure 8.8 Position of the cutting loop prior to
ablation of the valve membrane.

Vesicostomy

Vesicostomy drainage may be preferred in those
with markedly impaired renal function, especially
it deteriorating despite catheterisation, and/or in
those with gross bilateral vesicoureteric reflux.

The stoma is created at the apex of the bladder
to minimise the risk of prolapse. Closure is under-
taken after subsequent valve ablation, within 6-18
months, depending on the initial indication for
selecting vesicostomy and the child’s level of renal
function (Figure 8.9).

Supravesical diversion
Bilateral end ureterostomies or pyelostomies are

now rarely performed because:

¢ defunctioning the bladder may adversely affect
its later performance

e a vesicostomy usually provides equally effective
drainage and is more easily managed by parents.

Refluxing ureterostomy

Refluxing ureterostomy is an innovative method of
overcoming the high bladder pressures during
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Figure 8.9 Cutaneous vesicostomy is the most
commonly used form of temporary diversion.

storage and voiding which persist in infancy despite
relief of obstruction. In addition, the procedure
also maximises drainage from the ipsilateral kidney
and at the same time maintains bladder cycling.
The urinary tract is usually reconstituted between
2 and 3 years of age in preparation for potty training.

Urinary leaks

Urinary ascites and perinephric collections or
‘urinomas’ usually respond to a short period of
bladder drainage. Large or persistent perirenal
collections may require ultrasound-guided percu-
taneous aspiration or open drainage (in combina-
tion with open nephrostomy).

The infant

Urinary infection in infants with previously
undiagnosed posterior urethral valves is often
complicated by septicaemia and gross disturbances

of electrolyte and acid-base balance, of which
hyperkalaemic acidosis is the most serious form.
The metabolic disturbances and underlying sepsis
demand vigorous treatment, which should be under-
taken in cooperation with a paediatric nephrolo-
gist. Surgical treatment of the bladder outflow
obstruction is best deferred until the general condi-
tion has been stabilised, usually after 2-7 days.
Vesicostomy may occasionally be required as the
primary intervention.

The older child

With few exceptions, endoscopic ablation of the
valves is the initial treatment.

Prognosis

Approximately one-third of individuals have
impaired renal function in the long term, although
this may not become manifest until adolescence.
Factors implicated in the aetiology of chronic renal
failure include:

e Primary renal dysplasia.

e Secondary damage resulting from bladder
outtlow obstruction; this occurs principally in
utero, but may also occur postnatally if undiag-
nosed obstruction persists after birth.

e Urinary infection, often in association with
vesicoureteric reflux.

e Secondary damage resulting from bladder
dysfunction, which persists after relief of outflow
obstruction.

The importance of this last component, which is
manifest clinically as impaired continence, has only
been fully recognised in recent years with the
publication of studies demonstrating that patterns
of bladder dysfunction change over time. Typically
there is a tendency for detrusor overactivity to be
replaced by detrusor failure, along with progressive
enlargement of bladder capacity and increasing
residual volumes of poorly concentrated urine.
Urodynamic studies undertaken in the authors’
unit have shown a uniform pattern of bladder
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function 1 year after satisfactory valve ablation.
During the filling phase, the functional capacity of
the bladder is reduced, there is evidence of detru-
sor overactivity but compliance is unimpaired. The
voiding phase is characterised by a distinctive
biphasic or polyphasic detrusor pressure profile,
high voiding detrusor pressures and incomplete
bladder emptying.

By the age of 5 years, bladder function has
evolved and falls into three distinct patterns based
on voiding bladder dynamics. There is a tendency
for detrusor overactivity to diminish and for
bladder capacity to increase over the course of
time but a small proportion of cases show
evidence of bladder decompensation as early as
5 years of age.

Predictors of a
poor renal function

Prenatal

e Maternal oligohydramnios, regardless of the
gestational age.

e Early detection on prenatal ultrasound of
‘bright’ kidneys and pelvicaliceal dilatation.

Postnatal

e DPresentation in the first 12 months of life (if
undetected prenatally).

e Proteinuria.

¢ Bilateral vesicoureteric reflux.

e Impaired continence at 5 years of age upwards.

Indicators of good renal function

e Presentation in later childhood.
e DProtection of the upper tracts by a ‘pop-oft”
phenomenon.

Of these, the most common is unilateral high-grade
vesicoureteric reflux in which the affected ipsilateral
kidney has negligible or zero function where the
contralateral kidney is normal (VURD syndrome).

The protective value of the ‘pop-oft” phenome-
non has probably been overstated, and recent

evidence suggests that although this may impart
some medium-term benefit, a proportion of boys
nevertheless progress to renal failure. Other less
common forms of ‘pop-oft” mechanism include
urinary ascites, perinephric urinoma and a large
bladder diverticulum.

Follow-up and
long-term management

All boys with posterior urethral valves require
long-term follow-up. A suggested protocol is
given in Table 8.2. Differential renal function is
monitored, by MAG3 (mercaptoacetyltriglycine)
renography or by DMSA (dimercaptosuccinic
acid) scintigraphy, once overall function has
stabilised. Upper tract dilatation often improves
following valve ablation, but usually persists either
unilaterally or, more commonly, bilaterally. Possi-
ble explanations include:

e incomplete relief of bladder outflow obstruction

e persistent vesicoureteric reflux

e ureterovesical obstruction secondary to occlu-
sion of the ureterovesical junction by a thick-
walled bladder (rare)

e upper tract obstruction due to high-pressure
bladder dysfunction (non-compliance, instability)

o ureteric decompensation, particularly in conjunc-
tion with polyuria.

Table 8.2 Follow-up protocol for patients with
posterior urethral valves

Routine at every visit

Height and weight

Blood pressure

Urinary tract ultrasonography
Urine dipstick

Serum creatinine and electrolytes

As indicated

Isotope renography (MAG3 or DMSA)
Flow rate

Urodynamics

Formal estimation of GFR
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A high obligatory output of dilute urine occurs
when the concentrating ability of the kidneys
declines with the onset of early chronic renal failure
(tubular defect). The urinary tract may demon-
strate increasing dilatation in response to this large
urine output. Investigation should therefore be
aimed at reassessing glomerular and tubular renal
function.

Vesicoureteric reflux resolves in 30-60% of cases
tollowing valve ablation. However, resolution is
less likely in the presence of bladder dysfunction or
when function in the affected renal unit is poor.

Neonatal circumcision is performed routinely
by some surgeons to minimise the risk of infection,
although the benefits are largely anecdotal.
Breakthrough urinary infections despite antibiotic
prophylaxis may improve following circumcision
and the need for antireflux surgery or nephroureterec-
tomy is rare.

Bladder dysfunction

Diurnal enuresis secondary to bladder dysfunction
often responds to detrusor antispasmodics such as
oxybutynin or alternative anticholinergics. Inter-
mittent catheterisation should be considered where
incontinence is associated with an impaired
voiding and a large volume of residual urine. In
practice, urethral self-catheterisation rarely proves
acceptable to boys with posterior urethral valves,
because, in contrast to patients with neuropathic
bladder, their urethral sensation is normal. For this
reason, effective long-term intermittent catheteri-
sation is usually dependent on the creation of a
continent catheterisable (Mitrofanoff) channel.

Augmentation cystoplasty

The role of augmentation cystoplasty in boys with
posterior urethral valves is controversial. Although
continence is usually improved, this is at the
expense of impaired voiding in at least 40% of
individuals, which in turn calls for intermittent
catheterisation. Whether the procedure also secures
its more important objective of long-term preser-
vation of renal function remains to be definitively

established. Bladder function continues to evolve
during childhood, with a tendency towards improve-
ment as far as its storage dynamics are concerned.
At the present time bladder augmentation would
be considered for boys less than 3—4 years of age
with severe renal dysfunction, for whom renal
transplantation is on the horizon. In this situation
one does not have the luxury of awaiting sponta-
neous improvements in bladder function and it is
essential to ensure a safe lower urinary tract prior
to renal transplantation. The long-term complica-
tions of enterocystoplasty (mucus stone formation,
metabolic disturbance, etc.) can be avoided by
augmenting the bladder with dilated ureter (urete-
rocystoplasty). This technique is often more appli-
cable to boys with posterior urethral valves than
children undergoing augmentation for neuro-
pathic bladder since they are more likely to have a
dilated ureter associated with a non-functioning
ipsilateral kidney.

Other urethral abnormalities

Anterior urethral valves,
diverticula and megalourethra

These anomalies, which are confined to males, are
cight times less prevalent than posterior urethral
valves. In many respects they constitute a contin-
uum of urethral pathology while also being
distinct entities in their own right. For example, it
is difficult to define the point at which the urethral
dilatation proximal to anterior urethral valves
constitutes a diverticulum, and similarly the point
at which an extensive diverticulum becomes a
megalourethra.

Anterior urethral valves

As classically described, these take the form of
cither a fenestrated diaphragmatic membrane or a
mucosal cusp arising from the ventral wall of the
urethra. In 40% of cases the valve is sited at
the bulbar urethra, whereas in 30% it is at the
penoscrotal junction and in 30% in the penile
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urethra. The presentation is with obstructive
symptoms, such as a poor urinary stream,
hesitancy or urinary retention. Secondary changes
in the upper urinary tracts are rare. Micturating
cystourethrography demonstrates the obstruction,
and treatment is by endoscopic incision.

Urethral diverticulum

In the more common wide-mouthed form, usually
located in the region of the penoscrotal junction,
the distal lip may give rise to a form of valvular
obstruction as the diverticulum undergoes progres-
sive distension. Presentation is either with obstruc-
tive symptoms or with postmicturition dribbling.
The rarer saccular lesions have a narrow neck and
may occur anywhere along the length of the penile
urethra, including in the fossa navicularis. Presen-
tation is with urinary infection — rarely associated
with stone formation within the diverticulum.
Treatment is by endoscopic incision or resection of
the obstructing lip or, rarely, by a perineal approach
for the excision of a large diverticulum.

Megalourethra

This rare condition is characterised by marked
dilatation of the penile urethra in the absence of
any evident obstruction. Megalourethra may be
associated with lack of corpus spongiosum or, in
the extreme form, with complete absence of the
corpora cavernosa. In such cases the penis amounts
to little more than a floppy sac comprised of skin
externally and urethral mucosa internally. An
association exists between megalourethra and
other congenital abnormalities, particularly prune-
belly syndrome.

Cowper’s gland
cysts (syringocoele)

These paired structures, located on either side of
the urethra at the level of the urogenital diaphragm,
are each drained by a duct that courses distally
through the corpus spongiosum to enter the bulbar
urethra. Distension of the ducts, or of the glands
themselves, may cause urethral compression or, if
the anterior wall of the cyst ruptures into the

urethra, may result in an obstructive membrane.
Treatment is as for anterior diverticulum.

Urethral duplications

These rare anomalies may be sagittal or collateral.
Of these, the sagittal pattern is more common and
takes the form of two channels running one above
the other in the sagittal plane, whereas in the collat-
eral form the duplicate urethras run side by side.
The most common sagittal configuration comprises
an orthotopic principal urethral channel and an
epispadiac accessory urethra lying dorsal to it.

In some cases both urethras leave the bladder
separately and remain separate throughout their
length, whereas in other cases the duplicate
urethras unite distally to form a single channel. In
the so-called ‘spindle’ variety the urethra separates
into two components before reuniting again more
distally, whereas in Y’ duplications, an accessory
urethra diverges from the main channel to emerge
in the perianal region or the perineum. Recon-
struction is dependent upon individual anatomy
but nearly always entails excision of the narrower
accessory urethra.

Posterior urethral polyps

These fibroendothelial lesions arise from the
verumontanum. Small polyps are usually discov-
ered incidentally during the course of endoscopy
for some unrelated purpose, whereas the larger
lesions, with a polypoid head floating freely on an
extended stalk, tend to obtrude through the bladder
neck to give rise to acute, transient episodes
of urinary retention. Haematuria or frank urethral
bleeding may also occur. Diagnosis is by
cystourethroscopy or MCU (Figure 8.10). Most
polyps can be excised endoscopically, although for
large polyps an open transvesical approach may be
required.

Urethral strictures

The actiology, investigation and management of
post-traumatic strictures is considered in Chapter
22. Occasionally, however, a urethral stricture is
discovered in a boy with no antecedent history of
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Figure 8.10 MCU outlining a posterior urethral
polyp prolapsing from its point of origin into the
membranous and bulbar urethra.

external injury, urethral instrumentation or
catheterisation. In very young boys the actiology
can be assumed to be congenital, but in the older
age group the possibility of previously unrecog-
nised trauma must be entertained. Whether
congenital or acquired, such strictures are generally
mild and respond well to endoscopic urethrotomy.
Formal urethroplasty is rarely required.

Cobb’s collar

The clinical status of this anomaly is arguable and
its principal significance is as an occasional radio-
logical finding on MCU comprising a short,
narrowed segment of urethra immediately distal to
the urogenital membrane. On endoscopy, the
findings consist of little more than a soft, non-
obstructing concentric ring. Although Cobb’s
collar has sometimes been implicated as a possible
cause of voiding disorders, notably enuresis, the
consensus is that in children it is essentially a radio-
logical or endoscopic finding without clinical
significance.

Urethritis

Although the existence of this condition in boys is
recognised by paediatric urologists, it has received

little attention in the literature: the clinical features
are non-specific and the aetiology is poorly under-
stood. The condition is uncommon but occurs in
boys aged 6 years and upward, with presenting
features that include dysuria, penile discomfort and
urethral discharge or urethral bleeding — usually
consisting of no more than spotting on the under-
clothes. Attempts to culture a specific organism are
unrewarding. In the absence of other features,
cystourethroscopy is not indicated, as it rarely
makes a practical contribution to clinical manage-
ment. However, when urethroscopy is performed,
the findings are characterised by erythema of the
anterior and bulbar urethra, with a granular
appearance and strands of fibrinous exudate. There
is no specific treatment and the condition is self-
limiting, although it sometimes runs a protracted
course.

Key points

e The original classification devised by
Young is outdated. Congenital urethral
obstruction generally conforms to a
uniform anatomical pattern, although
there is considerable variability in the
severity of obstruction and the degree
of congenital damage to the upper
tracts.

e The majority of cases are detected
prenatally. The gestational age at
diagnosis and the characteristics of
the prenatal ultrasound findings
provide a guide to prognosis. Prenatal
intervention improves the outcome of
lung function in the presence of
severe oligohydramnios but there is
little if any evidence that prenatal
intervention benefits renal function.

e Despite relief of the urethral obstruction
in early postnatal life, bladder function
is abnormal in up to 70% of boys. The
pattern evolves during childhood and
if unaddressed may contribute to
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deteriorating upper tract function and
the onset of renal failure in late
childhood or early adult life.

e Approximately one-third of individuals
with posterior urethral valves are
destined to develop chronic renal
failure (as a consequence of dysplasia,
obstruction, infection and bladder
dysfunction). Careful follow-up should
be maintained into adulthood.
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Cystic renal disease

David FM Thomas

Topics covered

Prevalence of different forms of cystic renal
diseases in childhood

Autosomal recessive polycystic kidney disease
(ARPKD)

Introduction

Cystic pathology of the kidney is relatively
common across the age range from childhood
into late adulthood. The pattern of renal cystic
disease in infancy and childhood differs from that
encountered in adults, with multicystic dysplastic
kidney (MCDK) and the autosomal recessive form
of polycystic kidney disease (ARPKD) assuming
greater importance than autosomal dominant
polycystic kidney disease (ADPKD).

The introduction of routine ultrasound imaging
into obstetric practice has revealed that the true
prevalence of asymptomatic unilateral multicystic
dysplastic kidney is considerably higher than was
previously suspected, but only a small percentage
are clinically evident at birth and the majority of
unilateral MCDXKs clearly remained undetected in
the past.

The terminology previously used to describe the
different clinical and pathological forms of cystic
renal disease has given rise to understandable confu-
sion. In particular, terms such as ‘dysplastic’,
‘hypoplastic’, ‘shrunken’, ‘polycystic’ and ‘multicys-
tic’ have often been used loosely or interchangeably
in the literature with little regard to differences
in histology and developmental biology. In clinical
practice, confusion most commonly arises from the
failure to distinguish between multicystic dysplastic
kidney, a sporadic structural abnormality which,
when unilateral, carries a good prognosis, and

Autosomal dominant polycystic kidney disease
(ADPKD)

Multicystic dysplastic kidney (MCDK)
Multilocular renal cyst

Simple renal cyst

polycystic kidney disease, an inherited disorder
characterised by diffuse pathology of the parenchyma
of both kidneys.

Embryology and pathology

The different types of cystic renal disease encountered
in childhood are so diverse that their embryology,
inheritance and pathology are more conveniently
summarised under the relevant headings. The Potter
classification represented the first systematic attempt
to categorise the differing forms of cystic renal
pathology, but has been rendered obsolete by
advances in molecular biology and genetics which
have found little scientific justification for the group-
ings devised by Potter.

Polycystic renal disease

This important group of disorders is characterised
by the presence of microscopic or macroscopic
cystic tissue distributed diffusely throughout the
parenchyma of both kidneys. There are no histo-
logical features of dysplasia.

Two major forms of polycystic renal disease
are encountered: i.e. autosomal recessive (the type
most commonly encountered in children) and
autosomal dominant, which, although sometimes
evident on renal ultrasound in childhood, is of
little clinical impact until adult life.
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Figure 9.1 Autosomal recessive polycystic renal
disease. Diffuse bilateral renal enlargement.

Autosomal recessive polycystic
kidney disease (ARPKD)
(Figure 9.1)

Incidence
1:10 000-1:40 000.

Pathology

Typically the kidneys retain their normal outline
but are considerably enlarged. The pelves, calyces
and ureter are normal in morphology. The renal
parenchyma is extensively replaced by cylindrical,
radially orientated cysts which are usually less than
2mm in diameter. Liver involvement is almost
invariable, with a pattern of bile duct abnormali-
ties termed ‘biliary dysgenesis’.

Genetics

ARPKD arises as a result of mutations of the
polycystic kidney and hepatic disease 1 gene
(PKHD1I). The less severe mutations are compati-
ble with survival and are thought to permit some
expression of the gene product — a protein fibro-

cystin. Major mutations, however, are associated
with lethal forms of the disorder.

Figure 9.2 Prenatal ultrasound appearances of
autosomal recessive polycystic kidney disease.

Presentation

ARPKD is associated with characteristic ultra-
sound appearances of diffuse bilateral renal
enlargement (Figure 9.2). Ultrasound findings of
oligohydramnios or reduced bladder volume are
predictors of severe functional impairment. Termi-
nation of pregnancy is an option when the condi-
tion is detected in the second trimester, but
ultrasound evidence of the disorder is not always
apparent at this stage in gestation, or may not be
sufficiently diagnostic until later in pregnancy.

Clinical features

In the neonatal period clinical features include
readily palpable abdominal masses and, in more
severe cases, pulmonary hypoplasia and ‘mould-
ing’ deformities, e.g. Potter’s facies, talipes, etc.
Occasionally ARPKD does not come to light until
later childhood, when it presents with hypertension
or manifestations of hepatic fibrosis, such as portal
hypertension or bleeding oesophageal varices.
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Diagnosis is with ultrasound and, in some
cases, computed tomography (CT). Renal biopsy
may also be indicated.

Treatment

Initial ventilatory support may be required for the
management of respiratory distress and pulmonary
hypoplasia in severely affected infants. The require-
ment for ventilation does not carry the universally
poor prognosis that was once the case. Medical
management is directed at the treatment of hyper-
tension, prevention of malnutrition and measures
designed to minimise anaemia and renal bone
disease. Children progressing to end-stage renal
failure are managed by dialysis and transplantation,
with native nephrectomy being indicated to control
hypertension or create space for the transplanted
kidney. Specific treatment may be required for the
complications of hepatic disease.

Prognosis

Infants who do not have pulmonary hypoplasia
have a high expectation of surviving beyond the
neonatal period and, in those who do, the 5-year
survival rate is 87%, with a 67% survival rate at
15 years.

Autosomal dominant polycystic
kidney disease (ADPKD)
(Figure 9.3)

Incidence

The most commonly inherited form of renal
disease, ADPKD has a reported prevalence ranging
from 1:200 to 1:1000. It is essentially a disorder
of adult life, accounting for approximately
5-10% of adults on end-stage renal replacement
programmes.

Pathology

Histologically, the cysts are lined by tubular epithe-
lium and the intervening renal parenchyma may

Figure 9.3 Autosomal dominant polycystic kidney
disease. Discrete cysts of varying size interspersed
between areas of normal renal parenchyma.

be normal or show evidence of glomerulosclerosis.
Extrarenal manifestations include hepatic cysts and
cerebral aneurysms.

Genetics

Mutations of the PKD1 gene, which is located on
chromsome 16, account for 85% of cases. This
gene encodes for a glycoprotein which is believed
to play an important role in cell matrix interaction.
A second gene defect caused by mutations of the
PKD?2 gene on chromosome 4 accounts for the
majority of the remaining cases. One study found
that the mean age of death or onset of end-stage
renal failure was 53 years in patients with the
PKDI mutation, as opposed to 69 years in those
with the PKD2 mutation. The variability of
the phenotype, sometimes in members of a single
family, suggests that genetic factors are subject to
considerable heterogeneity.

Presentation

ADPKD is occasionally identified during routine
prenatal ultrasound examination. In addition, asymp-
tomatic individuals can sometimes be diagnosed
on ultrasound screening of the offspring or other
young family members of patients known to have
the disorder.
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Figure 9.4 Multicystic dysplastic kidney. Kidney
replaced by collection of cysts of varying size. Ureteric
atresia.

In the majority of cases, however, clinical
presentation is in adult life with hypertension,
abdominal pain, palpable abdominal masses, haema-
turia or other urinary symptoms.

Management

The condition is managed expectantly, with
follow-up aimed at the detection and early treat-
ment of complications, notably hypertension. Cyst
drainage or nephrectomy are occasionally indicated
in the management of severe hypertension, or to
control pain or urinary infection.

Prognosis

When the autosomal dominant form of polycystic
kidney disease is diagnosed on ultrasound in child-
hood, either incidentally or during family screen-
ing, the prognosis for renal function is generally
good, with 80% of children maintaining normal
levels of renal function into adult life. In contrast,
when detected prenatally or in the neonatal period,
ADPKD disease carries a poor prognosis.

Multicystic dysplastic kidney
(MCDK) (Figure 9.4)

Prior to the introduction of routine antenatal ultra-
sound, MCDK was regarded as a relatively rare

anomaly which generally presented as an abdomi-
nal mass in the neonatal period. Nephrectomy
was routinely undertaken in such cases. It is
now evident, however, that the true prevalence
of MCDK is far higher than was previously
suspected, but in the majority of cases the lesion is
clinically undetectable and the affected infant is
entirely asymptomatic and outwardly normal. The
management of prenatally detected MCDK and
the arguments surrounding ‘prophylactic’ removal
of asymptomatic kidneys remain a source of
CONtroversy.

Incidence

Current evidence from a number of sources
indicates a prevalence for unilateral MCDXK in the
range 1:2500-1:4000 live births. Bilateral MCDK,
a lethal anomaly, has an estimated incidence of
1:20000 pregnancies.

Aetiology/embryology

Proximal ureteric atresia (or, more rarely, distal
ureteric obstruction) is almost invariably found in
association with MCDK' (Figure 9.5). Complete
ureteric obstruction at an early stage in embryonic
development has therefore been invoked as the
cause of the MCDK malformation.

Faulty development of the ureteric bud and
metanephric mesenchyme may also be implicated
(see Chapter 1). Familial occurrence of MCDK has
been reported, and although MCDK generally
appears to bechave as a sporadic anomaly, in
some families it may rarely be inherited as an
autosomal dominant trait with variable penetrance
(Figure 9.6). Nevertheless, the overall risk of
familial occurrence is extremely low and routine
screening of siblings and other first-degree
relatives for MCDXK is not justified.

Pathology

MCDK comprises an irregular collection of tense
non-communicating cysts of varying size lined
by cuboidal or flattened tubular epithelium. Renal
parenchyma, where present, is dysplastic and
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Figure 9.5 Nephrectomy specimen. Multicystic
dysplastic kidney. (Courtesy of Mr PG Ransley.)

consists of small islands or flattened plates of
abnormal tissue interposed between cysts.

Although the entire kidney is usually affected,
there have been case reports of segmental MCDK
in which the cystic changes and characteristic histol-
ogy are confined to a segment of an otherwise,
relatively normal kidney.

Presentation
MCDAKSs present in one of three ways:

Clinically — usually as an abdominal mass in the
neonatal period. Only a small proportion of all
MCDKSs now present in this fashion. Typically
the surface of a palpable MCDK is ‘knobbly’
and irregular in contour, contrasting with other
neonatal renal masses, e.g. hydronephrosis or
polycystic  kidney, which have a smoother
surface on palpation.

Incidental postnatal ultrasound finding in an
infant with coexisting congenital anomalies, e.g.
oesophageal atresia.

Prenatal ultrasound. The majority of prena-
tally diagnosed MCDKs (> 80%) are small and
clinically undetectable at birth.
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Figure 9.6 Familial occurrence of MCDK. Pedigree of affected family. Probable autosomal dominant pattern of

inheritance. Most MCDKs occur as a sporadic anomaly.
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Diagnosis

Although the prenatal ultrasound appearances of
MCDK can occasionally be difficult to distinguish
from those of marked hydronephrosis, most experi-
enced radiologists can make the diagnosis with a
high degree of accuracy. Postnatally the diagnosis
is confirmed by a combination of ultrasound and
isotope imaging. MCDKs are characterised by a
total absence of isotope uptake (0% difterential
function) on DMSA (dimethylsuccinic acid). In
some centres MAG3 (mercaptoacetyltriglycine) is
favoured, as this yields additional information on
drainage in the contralateral kidney.

The role of the micturating cystourethrogram
(MCU) in the evaluation of infants with prenatally
detected MCDK is controversial. When performed
routinely, it reveals a 20-30% incidence of low-
grade contralateral or ipsilateral vesicoureteric
reflux (VUR). However, the clinical significance of
this finding is arguably often low, since this low-
grade VUR usually resolves in early life and rarely
gives rise to infection. In the author’s experience
less than 3% of children with MCDK required
surgical correction of reflux, and it is therefore
the author’s preference to reserve MCU for those
infants in whom there is ultrasound evidence of
ureteric or contralateral renal dilatation. This
selective approach to the use of micturating
cystourethrography is endorsed by recently reported
studies. However, it is important that parents and
general practitioners are aware that otherwise
normal ultrasound appearances do not exclude the
possibility of low-grade VUR, and the occurrence
of a documented urinary tract infection (UTI) or
an unexplained febrile illness is an indication to
proceed to MCU.

Natural history

A number of studies have documented the poten-
tial for prenatally detected MCDKs to involute —
i.e. to disappear on ultrasound — both prenatally
and postnatally. In the cases recorded on the US
National Multicystic Kidney registry, only 14%
disappeared completely on ultrasound, whereas

45% demonstrated reduction in 35%
remained unchanged in size and 5% demonstrated
enlargement. However, the duration of follow-up
was not specified. In a study in the author’s unit,
involution was observed in 52% of prenatally
detected MCDKs at median follow-up of 66
months (range 24-144 months), with approxi-
mately 30% of MCDKs having involuted (disap-
peared) in the first 12 months of life. This
experience is endorsed by the findings of another
UK study which reported complete involution of
33% of MCDKs by 2 years of age, increasing to
47% at 5 years and 59% at 10 years.

The documented tendency for MCDKs to
involute spontaneously, coupled with the relative
rarity with which unilateral renal agenesis is dia-
gnosed in utero, has been interpreted as evidence
that a proportion of cases of apparent renal agene-
sis diagnosed in adult life or at postmortem may in
fact represent involuted MCDKs.

size,

Complications

Hypertension is a rare but well-documented compli-
cation of MCDK and nephrectomy is undoubtedly
warranted when it occurs. But how common is
this complication?

In 1988, the authors of an early study of prena-
tally detected MCDK reported the findings of a
literature search which had identified only nine
cases of hypertension responding to nephrectomy
in the preceding 20-year period. A recent (20006)
review of reported cases over the previous decade
identified a total of 31 cases of hypertension, of
which at least six definitely responded to nephrec-
tomy. Nevertheless, when viewed in the context of
the prevalence of MCDK (1:2500-1:4000), the
number of published case reports represents a low
order of risk for developing hypertension.

In the US registry, 426 children were managed
conservatively, of whom five (1%) developed hyper-
tension. In a UK prospective study of 165 patients
(of whom 43 were followed for 10 years), none
developed hypertension.

The possible link between MCDK and hyper-
tension can be studied from a different angle. If
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hypertension occurs on an appreciable scale this
should be reflected in the published literature on
renal hypertension in childhood, but this is not the
case. No cases of MCDK were encountered in
454 children with hypertension presenting to the
paediatric nephrology unit at the Hospital for
Sick Children, Great Ormond Street, London.
Similarly, two published series of children in other
centres with ‘surgical’ causes of renal hypertension
undergoing nephrectomy did not include a single
MCDK.

In summary, from the evidence currently
available, it appears that the risk of hyperten-
sion associated with MCDK is very low (of the
order of 1% or less) and is not sufficient to
justify ‘prophylactic’ nephrectomy in asympto-
matic infants and children.

It is also important to note that removal of the
kidney does not necessarily obviate the risk of
hypertension and the need for blood pressure
monitoring, since there have been reports of hyper-
tension associated with pathology in the remaining
contralateral kidney:

Malignant potential

In a review of 26 published series totalling 1041
children with MCDKs no cases of malignancy
were reported over periods of follow-up extending
up to 23 years. Moreover, no instances of malig-
nancy were encountered amongst the children
recorded on the US MCDK registry. As with
hypertension it is also possible to view the
question from a different angle by asking, ‘How
commonly does MCDK figure in published series
of Wilms’ tumours?’ In the United States, detailed
data on 7500 Wilms’ tumours were collected over
an 18-year period as part of the National Wilms’
Tamor Study. Out of these 7500 tumours, only
five arose in MCDKGs.

On current estimates of the true prevalence of
MCDK this represents an individual lifetime risk
of the order 1:2500. Given that Wilms’ tumour is
now largely curable, the lifetime risk of dying from
a Wilms’ tumour arising in an MCDK has been

calculated to be comparable to the risk of mortal-
ity associated with general anaesthesia. Although
opinion remains divided, the available evidence
does not justify submitting asymptomatic infants
or children to nephrectomy as a prophylactic
measure.

Other complications

Symptoms such as pain or haematuria have been
ascribed to MCDXKSs in rare cases reported in the
adult literature. These symptoms are seldom, if
ever, seen in association with MCDXK in the paedi-
atric age group. When urinary infection occurs in
children with MCDK it is more likely to be due to
underlying VUR or some coexistent anomaly
rather than the MCDK itself (which does not
communicate with the rest of the urinary tract
because of the presence of ureteric atresia).

Management
Coexisting anomalies

Contralateral pelviureteric junction (PU]J) obstruc-
tion is present in 5-10% of cases and is managed
conservatively or surgically according to its sever-
ity. Vesicoureteric reflux is generally low grade and
is usually managed conservatively by antibiotic
prophylaxis and urine surveillance or by endoscopic
correction if appropriate.

Multicystic dysplastic kidney

Nephrectomy is undoubtedly justified for those
rare instances when MCDK presents in the neona-
tal period as a large, clinically evident abdominal
mass. Depending on factors such as the size of
the mass and the presence or absence of other
anomalies, surgery can usually be deferred until
4-6 weeks of age or later.

The arguments for the ‘prophylactic’ removal of
asymptomatic MCDKs centre principally on the
perceived risks of malignancy and hypertension,
and have already been considered above. Specialist
opinion in the UK generally favours conservative
management. Nevertheless it is widely accepted
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that hypertension, increasing size or the appearance
of unusual or worrying features on ultrasound
follow-up are indications to proceed to nephrectomy.

Ultrasound follow-up is maintained on an
annual basis until 5 or 6 years of age. Although
some paediatric urologists insist on the disappear-
ance of the MCDK before discharging the child,
this has not been the author’s practice. Measure-
ment of blood pressure in infants or fractious
young children can be difficult but becomes easier
as the child gets older. At the time of discharge
from surgical follow-up, it is prudent to arrange
for blood pressure to be checked by a paediatrician
or GP on an annual basis thereafter, continuing
into adult life.

Nephrectomy

The traditional approach to removal of an MCDK
entails the use of a small incision anterior to the tip
of the 12th rib or a posterior lumbotomy incision.
Aspiration of cyst fluid facilitates removal through
a limited incision. More recently, laparoscopic
nephrectomy has gained popularity as the proce-
dure of choice. Ideally, this should be performed
retroperitoneally rather than via a transperitoneal
approach because of the potential risk of intraperi-
toneal complications (see Chapter 23). The
benefits of laparoscopic nephrectomy may be fairly
marginal in view of the simplicity and low morbid-
ity with which MCDKs can be removed via a small
incision.

Multilocular renal cyst
(Figure 9.7)

This rare renal lesion, also described as cystic
nephroma, benign multilocular cystic nephroma,
etc., may give rise to diagnostic difficulty, typically
being misdiagnosed as a cystic Wilms’ tumour.

Aetiology

It remains unclear whether multilocular renal cyst
should be regarded as a neoplasm or a develop-
mental anomaly. Although malignancy ascribed to
this lesion has been reported in adult life, multilocular
renal cyst is not generally considered a premalignant

Figure 9.7 Multilocular renal cyst.

lesion. It occurs sporadically with no evidence of
an inherited basis.

Incidence

Experience in the Yorkshire region of the UK
suggests that the incidence is approximately
1:200000-1:250000. The condition demon-
strates a bimodal age distribution, with one peak
in infancy and a second peak in early adult life,
separated by an unexplained hiatus in distribution.
Children account for 30-50% of cases.

Presentation

Most cases present with haematuria, loin pain or
an abdominal mass, although multilocular cyst can
occasionally come to light as an incidental finding
on ultrasound during the investigation of unrelated
symptoms.

Diagnosis is by ultrasound complemented by
CT and possibly magnetic resonance imaging (MRI).
DMSA is also helpful to delineate functional tissue
if nephron-sparing surgery is under consideration
(Figure 9.8). Typically the multilocular cystic
lesion is localised within the renal parenchyma,
but may extend into the collecting system or
distort the renal capsules. An experienced paedi-
atric radiologist should be able to distinguish
multilocular renal cyst from other forms of renal
pathology, but even with sophisticated imaging it
may be difficult to distinguish from a cystic variant
of Wilms’ tumour.
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(b)

@

Management

t

Nephrectomy is the accepted form of treatment.
In view of the benign nature of the lesion
nephron-sparing surgery, i.e. partial nephrectomy,
might be considered in certain circumstances, such
as a multilocular renal cyst in a solitary kidney:.

Simple renal cyst (Figure 9.9)

Although a common finding in adults, simple or
‘solitary’ renal cysts are only occasionally encoun-
tered in childhood and are thus likely to be acquired
rather than congenital in aetiology. Although it has
been stated that simple cysts do not give rise to
problems, this is not invariably the case and the

Figure 9.8 (a) Ultrasound scan. Multilocular cystic
lesion in the right kidney of a 2-year-old girl present-
ing with haematuria. (b) Non-functioning lesion in the
midzone of the right kidney demonstrated on DMSA,
not amenable to nephron-sparing surgery. (c)
Nephrectomy specimen. Distortion of the renal outline
by the tense intrarenal lesion. Histology confirmed
benign multilocular cyst.

)

Figure 9.9 Simple renal cyst — rare in childhood.

author has treated a number of children with pain
arising in simple renal cysts which has responded to
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Figure 9.10 Ultrasound appearances of large simple cyst in the lower pole of the left kidney of a 7-year-old
boy presenting with abdominal pain and a palpable mass. The condition was successfully managed by laparo-

scopic partial excision/deroofing.

surgical removal or deroofing of the cyst. Never-
theless, it is also important to note that a simple
cyst may be an incidental unrelated finding in a
child with non-specific abdominal pain. Dilatation
of the upper pole of a duplex kidney is sometimes
mistaken on ultrasound for a simple cyst by radiol-
ogists unfamiliar with paediatric urology. Rarely
a child may present with abdominal pain or other
symptoms which are genuinely attributable to
the presence of a large, tense simple renal cyst
(Figure 9.10). Management is the same as for
symptomatic renal cysts in adults, and comprises
percutaneous cyst aspiration and injection of
alcohol, or laparoscopic or open deroofing and
subtotal excision of the cyst wall. Recurrence is
uncommon.

Key points

e Despite the potentially confusing
terminology it is important to
have a clear understanding of
the various patterns of cystic
renal disease in view of the
important differences in
clinical significance and
prognosis.

Autosomal recessive polycystic kidney
disease is detected prenatally or
presents in the newborn period.
Autosomal dominant polycystic kidney
disease does not generally come to
light with symptoms until adulthood and
is generally asymptomatic in those
children in whom the condition has
been identified by ultrasound screening.
Multicystic dysplastic kidney (MCDK) is a
developmental abnormality of the kidney
which is more prevalent in the general
population than was previously recognised.
Current evidence suggests that the risk
of malignancy associated with MCDK
is not significantly increased over the
normal paediatric population. The risk
of hypertension appears to be of the
order of 1% in childhood. This low
order of risk does not justify routine
‘prophylactic’ nephrectomy.

A lifelong annual blood pressure check
is advisable. Removal of the MCDK
does not obviate the need for this
precaution in view of reported cases of
hypertension arising from the remaining
contralateral kidney.
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Introduction

The first case reports of the detection of urinary
tract malformations by prenatal (antenatal) ultra-
sound first appeared in the literature in the mid
1970s, but it was not until the early to mid 1980s
that maternal ultrasound was routinely incorpo-
rated into obstetric practice in the UK. Since then,
a substantial body of experience has accumulated
and the management of infants with prenatally
detected uropathies constitutes a major component
of paediatric urological practice. Abnormalities of
the genitourinary tract are amongst the common-
est anomalies detected in utero. This partly reflects
the relatively high incidence of congenital anomalies
within the genitourinary system, but is also because
the common anomalies are usually associated with
dilatation or cystic pathology which is relatively
casy to visualize on ultrasound. Unfortunately,
relatively few long-term studies have been under-
taken to document the late outcome of prenatally
detected uropathies. As a consequence, there are
still some unresolved controversies surrounding
early surgical intervention or conservative manage-
ment of conditions such as prenatally detected
pelviureteric junction (PUJ) obstruction, multi-
cystic dysplastic kidney, and vesicoureteric reflux
(VUR). Whereas progress has been made in identi-
tying criteria to identify subpopulations at greatest
risk of later functional deterioration or clinical
complications, research has tended to focus on

Postnatal management
Diagnostic imaging
Protocols and guidelines

short- to medium-term outcomes. Further evidence
of long-term follow-up studies would be particu-
larly valuable in helping to establish which prena-
tally detected uropathies are not destined to pose
any threat of morbidity and which, indeed, may not
warrant any investigation.

The investigation and management of infants
with prenatally detected urinary tract abnormali-
ties is guided by three important considerations:

e The majority of infants with prenatally detected
urinary tract abnormalities are outwardly
normal and healthy at birth. As such, they
cannot be considered as patients in the conven-
tional sense. This is particularly true of infants
with isolated unilateral anomalies in whom
relevant clinical findings are present in fewer
than 5% of cases. Bilateral renal pathology is
more likely to be associated with relevant physi-
cal signs or coexisting syndromes, but, never-
theless, the majority of infants with prenatally
detected bilateral uropathy are asymptomatic
and outwardly normal at birth.

e Only a very small proportion of infants with
prenatally detected uropathies (<5%) have
renal insufficiency of sufficient severity to
require nephrological support and, overall, the
majority of affected infants do not require any
torm of early surgical intervention.

e The prenatal detection of a fetal urinary tract
abnormality often generates disproportionate



134 Essentials of paediatric urology

parental anxiety during the pregnancy. Parents
who have been told that their unborn child
has a kidney abnormality tend to assume the
worst, including a scenario involving dialysis and
renal transplantation. In our experience, only a
minority of parents receive accurate counselling
on the prognosis of the urological abnormality
diagnosed in utero. Paediatric urologists should,
ideally, play a far greater role in prenatal
counselling but the pressure of heavy clinical
workloads can make this difficult to achieve.

Obstetric ultrasound —
current practice

Nuchal pad translucency was developed as an
ultrasound screening test at 10-12 weeks’ gesta-
tion in high-risk pregnancies, particularly for
Down’s syndrome. Although this early scan is
being extended into the lower-risk obstetric
population, its sensitivity for the detection of
urinary tract abnormalities is poor.

Routine fetal anomaly scanning is undertaken
between 15 and 20 weeks, at a time when the
diagnostic sensitivity of ultrasound has greatly
increased. This timing enables severe congenital
malformations to be diagnosed with sufficient
accuracy to permit an informed decision on termi-
nation of pregnancy. In one study of 560 termi-
nated pregnancies, neonatal and infant deaths,
abnormalities of the urinary tract were incrimi-
nated as the sole or contributory cause of death in
323 instances, of which 221 occurred in utero as a
result of termination of pregnancy, intrauterine
death or stillbirth, while 102 occurred postnatally,
usually from pulmonary hypoplasia.

The sensitivity and specificity of ultrasono-
graphy for the detection of urinary tract abnor-
malities is influenced by the quality of the
equipment used, the experience of the ultrasonog-
rapher or radiologist performing and interpreting
the scan and by maternal size and obesity.

Anomalies such as renal ectopia or renal agene-
sis which are not accompanied by dilatation are
considerably more difficult to detect than those

characterised by dilatation or cystic disease.
Although virtually every major, potentially lethal
urinary tract abnormality is detectable in the
second trimester, non-lethal abnormalities, includ-
ing most cases of PUJ obstruction, VUR and
duplication, are not necessarily associated with
detectable dilatation at this stage in gestation. The
prenatal detection of anomalies at the milder end
of the pathological spectrum is therefore depend-
ent upon scans being performed later in pregnancy.
It prenatal scanning is limited to a single fetal
anomaly scan in the second trimester, many
anomalies are destined to remain undetected in
pregnancy. Gestational age at the time of scanning
is, therefore, the most important factor determin-
ing the sensitivity of prenatal urological diagnosis.
Figures 10.1-10.3 illustrate the appearances of
some common upper tract abnormalities on prena-
tal ultrasound scans at 22 weeks’ gestation.

Incidence

The incidence of prenatally detected urinary tract
anomalies reported from different centres varies
considerably, depending on the gestational age at
which ultrasound screening is routinely performed.
However, the incidence of significant prenatally
detected uropathies averages around 1:500 to
1:600 pregnancies. By contrast, mild dilatation is
a common prenatal finding, being identified at

Figure 10.1
clubbed calyces and echogenic cortex at 22/40
weeks.

Unilateral severe hydronephrosis with
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Figure 10.2 Bilateral severe hydronephrosis at
22/40 weeks.

Figure 10.3 Multicystic dysplastic kidney at 22/40
weeks.

some stage in approximately 1:100 pregnancies.
However, it is often a transient finding with a
tendency to resolve spontaneously during the
course of pregnancy.

Management

Prenatal management

The potential to influence the clinical outcome of a
prenatally detected uropathy by active intervention
during pregnancy is limited to the severe end of the
spectrum of obstructive pathology and comprises

tetal surgery (generally vesicoamniotic shunting) or
termination. Although there has been a suggestion
that preterm delivery and early postnatal treatment
may improve the outcome for some boys with
posterior urethral valves, there is insufficient
evidence to justify elective preterm delivery.

When the urinary tract anomaly has been
detected prenatally, there are several options.

Counselling
Counselling should ideally encompass:

o the differential diagnosis, insofar as this can be
established with the ultrasound information
available

e an explanation of the investigations that are
likely to be advised following delivery

e a broad outline of prognosis.

If the need for postnatal surgery is envisaged, parents
should be reassured that this is rarely of a serious or
life-threatening nature. Unfortunately, it is often
impossible to provide a detailed prediction of what
the future holds since the prenatal ultrasound
findings are non-specific in approximately 70% of
cases. For example, the discovery of unilateral
ureteric and renal dilatation at 34 weeks’ gestation
would involve a discussion covering megaureters,
VUR and duplex kidneys.

For logistical reasons, counselling for prenatally
detected uropathies of mild or moderate severity,
particularly those detected in later pregnancy, is
mostly undertaken in the hospital where the
mother is receiving her routine obstetric care.
When the anomaly is at the more severe end of the
spectrum, particularly when detected on second-
trimester fetal anomaly scanning, the options may
include termination of pregnancy and, possibly,
fetal intervention. In this situation, prompt refer-
ral to a fetal medicine centre is indicated for more
detailed investigation and counselling.

Fetal intervention

The indications for possible intervention during
pregnancy are limited to the severe end of the patho-
logical spectrum where the ultrasound findings and
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the results of additional investigations point to a
strong probability of intrauterine death or early
postnatal demise. Termination of pregnancy may
also be included in the options following the
discovery of a major, non-lethal malformation,
which, nevertheless, carries grave implications for
quality of life.

Bilateral renal agenesis or bilateral multicystic
dysplastic kidneys are examples of anomalies which
are clearly incompatible with survival. In one study
renal agenesis and multicystic dysplasia (or a
combination of pathologies) accounted for more
than 60% of terminations of pregnancy for urolog-
ical anomalies. By contrast, the prognosis of
urethral obstruction (typically posterior urethral
valves), is more difficult to predict, since there is a
broad spectrum of severity ranging from urethral
atresia with oligohydramnios and pulmonary
hypoplasia to mild degrees of urethral valve
obstruction in which renal function is largely
unimpaired. Nevertheless, the high overall level of
morbidity due to congenital urethral obstruction is
reflected in the statistic that males constitute 90%
of children undergoing treatment for renal failure
in the first 4 years of life.

Fetal intervention is subdivided into:

e diagnostic procedures intended to assess
functional prognosis and detect chromosomal
abnormalities

e termination of pregnancy

e therapeutic intervention, usually in the form of
vesicoamniotic shunting.

Karyotype

Chromosomal analysis can be performed by
examining exfoliated cells in amniotic fluid, by
sampling blood from the umbilical cord (cordo-
centesis) or by chorionic villus sampling.

Fetal urine sampling

Conventional tests of renal function such as creati-
nine clearance or measurement of plasma creatinine
and urea have no validity in intrauterine life since

the fetus is effectively ‘dialysed’ by the placenta,
with the result that levels of creatinine, urea, etc., in
tetal plasma mirror those in the maternal circula-
tion. However, the composition of fetal urine has
been studied with the aim of developing a more
selective approach to fetal intervention. Ideally, the
measurement of urinary constituents as indicators
of renal function would be used to select fetuses
with potentially recoverable function for treatment,
as opposed to those with irreversible renal dyspla-
sia. Since urine sampling is an invasive procedure,
data derived from normal fetuses without urinary
tract anomalies are relatively scanty.

Biochemical parameters which have been identi-
tied as predictors of poor functional outcome
include:

o fetal urinary sodium of >100 mEq/l after 20
weeks’ gestation

e clevated urinary calcium (>1.2 mmol/l)

e increased levels of urinary and serum J,-
microglobulin.

Unfortunately, there is a considerable overlap
between pathological and normal values. The diffi-
culty is compounded by the limited data derived
for normal fetuses at different gestational ages. In
the hope of developing more sensitive prognostic
tests, attention has recently switched from markers
of excretory renal function to molecules which are
expressed during renal differentiation and which
may be implicated in renal dysplasia, e.g. TGF-f3,
(transforming growth factor beta-1).

Vesicoamniotic shunting

The rationale for this therapeutic intervention is
derived from the premise that decompression of
the obstructed urinary tract in utero will avert
progressive renal damage and functional deteriora-
tion. Although open fetal surgery via hysterotomy
and fetoscopy and valve ablation have been
reported, the method which has been most widely
practised comprises ultrasound-guided percuta-
neous insertion of a pigtail shunt catheter into the
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tetal bladder to drain urine into the amniotic fluid
(Figure 10.4). With few exceptions, the published
results of fetal intervention (either open fetal surgery
or vesicoamniotic shunting) have been disappoint-
ing. Results reported by the Fetal Surgery Register
in the mid 1980s documented an overall mortality
rate of 59% in a series of 73 fetuses. A subsequent
review of the literature noted a 45% incidence of
procedure-related morbidity, including premature
labour. Tivo long-term outcome studies have been
published — from Detroit and San Francisco. In the
Detroit series, 34 fetuses underwent intrauterine
decompression — of whom 13 (38%) nevertheless
died in utero or postnatally. Fifty-seven per cent of
those children who survived more than 2 years
developed renal insufficiency — of whom the
majority required early renal transplantation. The
San Francisco group analysed the late outcome
date for 36 fetuses treated between 1981 and
1999 — all of whom had been selected for treat-
ment on the basis of favourable urinary biochem-
istry. In 14 fetuses the diagnosis was posterior
urethral valves: of these, six did not survive to
term, but eight survivors were assessed at the mean
age of 11.6 years. By this stage, five were in renal
failure and only three (21% of the total number of
tetuses with posterior urethral valves) were alive
with normal renal function.

Whereas the published results of vesicoamni-
otic shunting do not lend support to its use in
routine clinical practice, it is important to note
that shunting has generally been confined to fetuses
at the severe end of the obstructed spectrum,
typically with oligohydramnios. In these fetuses,
renal dysplasia and damage is already well estab-
lished by the time treatment is undertaken and
the potential to improve the prognosis by this
stage 1s very limited. One cannot, therefore,
dismiss the possibility that shunting might be
beneficial in less severely affected fetuses where
bladder distension and bilateral upper tract dilata-
tion is not accompanied by oligohydramnios or
severely deranged urine biochemistry. Ideally, a
controlled trial could have resolved this question,
but, for a number of practical and ethical reasons,

Figure 10.4 Vesicoamniotic shunt. A double pigtail
catheter is inserted percutaneously via trochar and
positioned to drain urine from the obstructed fetal
bladder into the amniotic fluid.

a statistically meaningful controlled trial is now
no longer possible.

Termination of pregnancy

With the increasing prevalence and accuracy of
prenatal diagnosis, there is a growing tendency for
parents in the UK to opt for termination of
pregnancy following the discovery of a urological
abnormality which is inconsistent with survival —
or which carries a poor prognosis for quality of
life. Sympathetic and informed counselling is
essential to ensure that parents have access to the
information they need to reach an informed (and
often very difficult) decision about their unborn
child. It is important, for example, that they have
a realistic picture of what is entailed in the manage-
ment of renal failure in childhood, in terms of
hospitalisation, medication, surgery and the diffi-
culties inherent in dialysis and transplantation.
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Termination of pregnancy is being increasingly
requested following the prenatal diagnosis of
major anomalies such as cloacal and ‘classic’
bladder exstrophy. As a consequence, the number
of infants being born with these anomalies is
declining and only two referral centres in England
and Wales are recognised by the government for
the management of new cases of the exstrophy
epispadias complex.

There are considerable variations in the attitudes
to termination of pregnancy in different countries.
Nevertheless, even in the United States, a study
in Boston found that elective termination of
pregnancy had been performed in 65% of pregnan-
cies following the detection of spina bifida, 46% of
pregnancies following the prenatal diagnosis of
posterior urethral valves, 31% for prune-belly
syndrome and 25% for bladder exstrophy.

Postnatal management

Antibiotic prophylaxis

This should generally be commenced for all
newborn infants with prenatally detected uropathies
pending the outcome of postnatal investigation,
notably a micturating cystogram. Exceptions
include:

e infants with mild isolated renal dilatation with
an anteroposterier (AP) diameter of <10 mm
and normal calyces

e multicystic dysplastic kidney with an entirely
normal contralateral kidney

e cctopic kidney without evidence of dilatation.

The antibiotic most widely used is trimethoprim in
a single daily dose of 2 mg/kg, usually adminis-
tered at night.

Postnatal ultrasound

Urinary output is often reduced in the first day of
life, with the result that an abnormal urinary tract
may appear less dilated when not subjected to a
representative diuretic load. For this reason, the

initial postnatal scan should ideally be deferred
until after 48 hours of age, i.e. when normal
urinary output has been established. However, this
optimal timing may be difficult to achieve, since
many mothers now opt for early discharge from
hospital. The timing of the initial ultrasound
scan is, therefore, best guided by the prenatal
findings.

Prompt postnatal ultrasound and referral to
a specialist unit are essential for fetuses with
suspected lower urinary tract obstruction, as
signified by bilateral upper tract dilatation,
thick-walled bladder, ureteric dilatation, etc.

Bilateral dilatation without bladder or ureteric
involvement also merits early ultrasound — ideally
between 3 and 7 days of age. In contrast, unilateral
dilatation with a normal contralateral kidney
carries a low risk of early morbidity and the initial
postnatal scan can reasonably be deferred and
performed on an outpatient basis at some point in
the first 10-14 days of life.

In most specialist centres, the AP diameter of
the renal pelvis in the transverse plane is now
routinely measured. Although this measurement is
subject to factors such as operator variability and
the degree of hydration, the measurement of renal
pelvic diameter is nevertheless preferable to subjec-
tive descriptions such as ‘mild’, ‘moderate’, ‘gross’
hydronephrosis, full’, or ‘baggy’ renal pelvis. In
addition to documenting the AP diameter of the
renal pelvis, it is important to record the appear-
ances of the calyces and renal parenchyma.

Micturating
cystourethrogram (MCU)

The role of the MCU in the routine postnatal
evaluation of infants with prenatally detected
dilatation remains controversial, with practice
varying considerably between different centres.

However, the following conditions are gener-
ally regarded as being definite indications for a
postnatal MCU:

e abnormal bladder (particularly a thick-walled
bladder or other evidence of outtflow obstruction)
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o bilateral upper tract dilatation

e dilatation of one or both ureters seen on either
on pre- or postnatal ultrasound

o duplex kidneys (in view of the high incidence of
lower pole reflux).

The question of whether infants with mild dilata-
tion (<15 mm AP diameter) should routinely be
investigated by MCU remains controversial.

The available evidence suggests that the
incidence of underlying reflux associated with mild
renal pelvic dilatation is of the order of 10-15%.
In most instances, however, it is low-grade VUR
which occurs more commonly in males and carries
a high probability of spontaneous resolution in the
presence of two normal kidneys on a DMSA
(dimercaptosuccinic acid) scan. In practical terms,
the information provided by an MCU is only likely
to influence the clinical outcome in a very small
percentage of infants with prenatally detected mild
dilatation. Moreover, the MCU is an invasive and
potentially distressing procedure which carries
some risk of morbidity in its own right (predomi-
nantly infection). For these reasons, many paedi-
atric urologists no longer advocate routine MCU if
dilatation is confined to the renal pelvis (i.e. no
evidence of ureteric and/or calyceal dilatation), and
the AP diameter of the pelvis is <15 mm. Some
cases of low-grade VUR will be missed by this
approach, but this is outweighed by the benefit of
a greatly reduced burden of unnecessary investiga-
tion into healthy infants.

It an MCU is not undertaken, the child’s parents
and general practitioner should, nevertheless, be
alerted to the importance of having the urine
checked for possible infection in the event of an
unexplained febrile illness or more specific features
of urinary infection.

Isotope imaging

The choice of imaging modality is determined
largely by the findings on postnatal ultrasonogra-
phy and MCU (when this has been performed).
The principal role of *"Tc DMSA lies in confirm-
ing total absence of function in a multicystic

kidney and for studying differential function and
renal damage associated with congenital VUR.

PmTec MAG3 (mercaptoacetyltriglycine) is the
isotope most widely used for the diagnosis of
obstruction. It is important to note, however, that
drainage curve data cannot be relied upon in
young infants, even following the administration
of diuretic. Since the information derived from
DMSA scintigraphy or diuretic renography rarely
influences practical management in the first few
weeks or months of life, isotope imaging is best
deferred until 1-3 months of age.

A rational approach to
diagnosis and management

Diagnostic pathways

Suggested diagnostic pathways for the postnatal
investigation of different prenatally detected urinary
tract abnormalities are illustrated in Figures 10.5-
10.8. These are suggested as broad guidelines, but
it may be necessary to take additional factors into
account when planning the timing and nature of
postnatal investigation in individual cases.

Mild dilatation (pyelectasis)

Dilatation of the renal pelvis in the range AP diame-
ter 5-10 mm is a common finding, being present at
some stage in approximately 1 in 100 pregnancies.
As already stated, however, this is often a transient
finding which has resolved or improved in more
than 50% of cases by the third trimester. Mild dilata-
tion has been studied as a possible marker of
chromosome abnormalities. When this is an isolated
finding, the risk of chromosomal abnormalities is no
higher than for the general fetal population. Mild
dilatation does, however, carry a higher association
with chromosomal abnormalities if it occurs in
conjunction with other congenital abnormalities.
The significance of mild dilatation as a possible
marker of underlying VUR has already been consid-
ered above. Regardless of its cause, the morbidity
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Prenatal ultrasound

Y
Renal dilation [no ureteric dilatation or bladder abnormality] |
I

v

Bilateral Unilateral AP renal
pelvic diameter >15 mm

MCU

v

No reflux or urethral obstruction
(presumed PUJ or VUJ obstruction)

v v v

|Posteriorurethra| valves| | Primary vesicoureteric reflux >» MAG3

Figure 10.5 Diagnostic pathway for postnatal investigation of prenatally detected dilatation confined to the
renal collecting system(s).

Prenatal ultrasound

Bilateral or unilateral renal dilatation
+ Ureteric dilatation (with or without renal dilatation)
+ Bladder abnormality (dilated or thick-walled bladder — with or without renal or ureteric dilatation)

Y
Postnatal ultrasound of 24-72 hours

MCU

v v

Posteriorurethral valves Primary vesicoureteric reflux No reflux or urethral obstruction
(presumed PUJ or VUJ obstruction)

Y
Surgical treatment

Y Y
DMSA MAG3

Figure 10.6 Diagnostic pathway for postnatal investigation of renal dilatation which is accompanied by ureteric
dilatation and/or a bladder abnormality.
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Prenatal ultrasound

Y

Postnatal ultrasound of 1-14 days

Y

Renal dilatation unilateral <15 mm
No ureteric dilatation or bladder abnormality

Y Y

MCU if urinary
tract infection

Repeat ultrasound
3 months

Figure 10.7 Diagnostic pathway for postnatal inves-
tigation of mild unilateral dilatation (renal pelvic
anteroposterior diameter <15 mm), without coexisting
ureteric dilatation or bladder abnormality.

generated by mild dilatation appears to be minimal.
In a follow-up study, totalling 122 child-years of
tollow-up, there were only two episodes of morbid-
ity related to the urinary tract, neither of which were

due to reflux. In a questionnaire case—control study
reported from the Netherlands, the incidence of
urinary tract symptoms in children with a history of
prenatally detected mild dilatation was compared
with normal controls in the age range 4-9 years. No
difference was found in the incidence of either
urinary tract infection or incontinence between the
two groups.

It is important to alleviate the anxiety which
may inevitably be created in the minds of parents
following the discovery of mild dilatation and to
ensure that infants are not overinvestigated.

Key points

e The sensitivity of ultrasound for the
prenatal detection of urinary anomalies
is dependent upon a number of factors,
most importantly gestational age at
scanning.

Prenatal ultrasound

Y

Unilateral multicystic dysplastic kidney

v

Y

Contralateral kidney normal

Ureteric dilatation [with or without renal dilatation]

Contralateral kidney abnormal

Y

DMSA

Y
MCU
| Contralateral [or bilateral] reflux | No reflux
Y

MAG3

Figure 10.8 Diagnostic pathway for the investigation of prenatal ultrasound appearances suggesting multicys-

tic dysplastic kidney (see also Chapter 9).
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The majority of infants with prenatally
detected uropathies are entirely
asymptomatic and outwardly normal
at birth.

Although information on the long-term
outcome and natural history of
asymptomatic prenatally detected
uropathies is being acquired, much

is still unknown. Surgical intervention
is generally unwarranted unless there
are clear-cut indications.

The published results of vesicoam-
niotic shunting relate largely to
fetuses with severe degrees of renal
impairment. A possible benefit from
fetal intervention in less severely
affected cases (where there is a better
prospect of improving the functional
outcome) cannot be discounted.

The combination of prenatal diagnosis
and termination of pregnancy is
resulting in declining numbers of
referrals of severe but non-lethal
urological malformations such as
prune-belly syndrome and cloacal
and classic bladder exstrophy.

e Mild dilatation (pyelectosis) is a
common finding of minimal clinical
significance. The role of micturating
cystography is controversial, but the
available evidence suggests that this
is no longer justified on a routine
basis.
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Introduction

Urinary calculi (stones) are rare in children, who
are estimated to account for only 2-3% of all
patients with stone disease. Infection remains a
major aetiological factor, particularly in boys, but
the proportion of affected children with an under-
lying biochemical predisposition appears to be
increasing. For this reason, metabolic evaluation is
essential for every child. The rate of stone recur-
rence is lower in children compared with adults.
The majority of stone disease is now managed, as
in adults, by lithotripsy or endourological
techniques and, as a consequence, the incidence of
open surgery has decreased dramatically.

Incidence and epidemiology

Geographical variations in the incidence of stone
disease in children reflect differences in the preva-
lence of environmental, dietary and genetic
factors. In the UK the estimated incidence of
urinary calculi in children is approximately 3 new
cases per million of the population per year. A
recent review suggests that although infective
calculi are more common in boys under 5 years
of age there is also an increased incidence of
metabolic abnormalities. The greater frequency of
infection in uncircumcised infants and differing
cultural attitudes to neonatal circumcision may
help to explain the higher incidence of stone

Diagnostic imaging, metabolic screening
Open stone surgery

Minimally invasive modalities

Stone recurrence

discase in certain European countries compared
with the United States where neonatal circumci-
sion remains commonplace.

The incidence of stones is twice as high in boys
as it is in girls. Moreover, the peak age of presen-
tation is younger in boys, being 3 years vs 4 years
in girls. This gender difference reflects in part the
role of bacterial colonisation and subsequent
urinary infection in uncircumcised boys.

A geographical ‘stone belt” extending from the
Balkans across Turkey, Pakistan and northern India
is characterised by a high incidence of endemic
bladder stones in children. Chronically inadequate
dietary intake of protein has been implicated, but
relative dehydration associated with the climate and
diarrhoeal illness may also be a contributory factor.

A study reported from London found that the
proportion of paediatric stones secondary to infec-
tion has fallen from 60% to 30% over a 30-year
period. This decrease parallels other series from
around the world, with an increased relative
proportion of metabolic abnormalities in richer
developed countries and a corresponding decrease
in infective and endemic stones.

Pathology/aetiology

Urinary calculi are composed of crystalline and
matrix components in varying proportions. Matrix,
a gelatinous glycoprotein, is a particular feature of
infective stones, which are typically soft and crumbly
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in composition. Metabolic stones, e.g. cystine and
xanthine, are predominantly crystalline and corre-
spondingly harder. The terminology historically used
to describe the crystalline structure of urinary calculi
(‘struvite’, ‘brushite’; ‘weddellite’, etc.) is uninforma-
tive, and in this chapter stones are categorised by
reference to their chemical composition.

Factors involved
in stone formation

e Urinary concentration, ionic activity and
solubility of stone-forming constituents.
Stone formation is initiated by the precipitation
of urinary constituents from solution, followed
by crystal formation. In turn, this process is
influenced by the urinary excretion rate of the
stone-forming substance, the level of hydration
and the urinary pH.

e Presence of abnormal urinary metabolites
or pathologically elevated concentration of
normal urinary constituents. When a metabo-
lite is excreted in high concentrations its satura-
tion point in the urine is exceeded and crystal
deposition occurs, progressing to stone forma-
tion. Reduced urinary output, leading to a
higher urinary concentration of the metabolite
and unfavourable urinary pH, will accelerate
this process.

e Urinary infection. Certain bacterial species,
notably Proteus, Klebsiella and Pseudomonas, are
capable of the enzymatic splitting of urea to
produce NH;, with consequent elevation of the
urinary pH and precipitation of ammonium
salts. Infection is also a key factor in the produc-
tion of the proteinaceous matrix component of
calculi.

® Anatomical abnormalities of the urinary
tract. Urinary infection associated with under-
lying urological abnormalities predisposes to
stone formation by the mechanisms outlined
above. Stasis of urine within an obstructed or
dilated urinary tract creates an environment in
which stone-forming substances are more likely
to precipitate out of solution and thus initiate

stone formation. This process can occur in
sterile urine, but not uncommonly infection and
stasis coexist.

e Foreign materials. Non-absorbable foreign
bodies, usually surgical in origin (stents,
fragments of catheters, non-absorbable sutures
or staples) act as a nidus of encrustation and
stone formation.

e Prematurity. Ex-premature children (born at
less than 37 completed weeks’ gestation) are at
much greater risk of nephrocalcinosis and
nephrolithiasis. Approximately 20% of babies
born under 32 weeks’ gestation develop
nephrocalcinosis and 5-9% have calculi. The
risks are increased with increasing prematurity
of birth, decreasing birth weight, co-morbidity
and the use of furosemide, thiazides and other
drugs. Premature and formula-fed babies have
increased (ec.g. oxalate).
Babies receiving parenteral nutrition have a
higher oxalate and calcium but lower citrate
excretion, contributing to higher calcium
oxalate saturation.

solute excretion

Aetiology: clinical aspects
Infective calculi

Infective stones initially comprise a combination of
magnesium, ammonium phosphate and glycopro-
tein matrix in varying proportions. Calcium
phosphate and other inorganic constituents then
become incorporated into the expanding stone
mass. Their consistency is variable, with areas of
hard calcified material embedded within softer, less
densely calcified matrix. Calcified areas are radio-
opaque but the softer matrix component, which
may extend throughout much of the collecting
system, is radiolucent or only faintly apparent on
plain X-ray. The descriptive term ‘staghorn’ refers
to an infective calculus that has adopted the config-
uration of the renal pelvis and calyces (fancifully
likened to the antlers of a stag). Rarely, the infec-
tive process progresses to involve the entire renal
parenchyma in a chronic inflammatory mass —
xanthogranulomatous pyelonephritis (see below).
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Metabolic calculi
Calcium

Hypercalciuria is the commonest metabolic abnor-
mality found in children with calculi, occurring in up
to 25% of patient in some series. Urinary calcium
excretion is much higher in infants than in older
children. In children, hypercalciuria is very rarely
associated with hypercalcaemia. The majority of
children have no identifiable underlying tubulopathy
or other disorder. Elevated urinary calcium levels are,
however, more frequent in certain groups: ex-prema-
ture infants, children with significant neurological
defects impairing mobility and as a side effect of
drugs (furosemide). In newborn infants, the combi-
nation of hypercalciuria and nephrocalcinosis points
to the presence of a renal tubular defect — a major
disorder of calcium metabolism.

Oxalate

Hyperoxaluria is found in 10-20% of children with
stones and half of these have primary hyperoxaluria.
Secondary hyperoxaluria can occur as a result of
congenital enteropathies and after surgical small
bowel resection. Children with cystic fibrosis have
a higher incidence of renal stones and commonly
have hyperoxaluria. Two rare genetically determined
metabolic disorders are expressed as excessive
production of oxalic acid: urolithiasis and nephrocal-
cinosis. The infantile form of primary hyperoxaluria
is rapidly progressive and is characterised by the
deposition of oxalate throughout the tissues. A
second form presents with calculi in adult life. A
combination of renal and orthotopic liver transplan-
tation has been advocated for severe forms, with the
aim of treating not simply the renal complications
but also the underlying hepatic enzyme deficiency.

Cystine

Cystine is one of four amino acids affected by a
recessive  inherited disorder of renal tubular
reabsorption (the others being lysine, arginine and
ornithine). The solubility of cystine is relatively poor
and its elevated concentration within the collecting

system results in crystal deposition and stone forma-
tion. Although cystine itself is only weakly radio-
opaque, the incorporation of calcium within the
aggregation of amino acid crystals forms hard
stones, which are clearly visualised on plain X-ray.

Uric acid

Metabolic disorders of uric acid metabolism are
rare in children, but acute deposition of uric acid
crystals within the urinary tract can occur as a result
of massive cell breakdown, e.g. following the intro-
duction of cytotoxic treatment for leukaemia or
lymphoma. In these conditions uric acid crystalline
debris ‘silts up’ the collecting systems, leading to
anuric renal failure. Uric acid is radiolucent and
thus cannot be directly visualised on plain X-ray.

Xanthine

Xanthine oxidase deficiency, a rare autosomal
recessive disorder, results in the deposition of
insoluble non-opaque xanthine stones within the
urinary tract.

Underlying urological conditions

Predisposing urological abnormalities can be identi-
fied in approximately 20-30% of children with
urinary calculi, a far higher figure than in adults.
Although vesicoureteric reflux (VUR) may play an
aetiological role by promoting urinary infection, it
may represent a secondary phenomenon, particu-
larly following the passage of ureteric calculi. Reflux
should therefore be reassessed some months after
stone clearance if antireflux surgery is envisaged.
The role of obstruction and stasis is generally
casier to establish. Although uncommon, stones
associated with primary pelviureteric junction
(PUJ) obstruction are characteristically small and
multiple (fancifully likened to melon seeds). Stones
forming within megaureters can occasionally
present acutely with complete upper tract obstruc-
tion following impaction at the vesical junction.
The use of intestinal segments for bladder recon-
struction (enterocystoplasty) is accompanied by a
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significant risk of stones, amounting to 30-40% in
some series. A combination of factors includes
stasis, the presence of intestinal mucus within the
urine acting as a nidus for crystalline deposition,
and chronic low-grade bacteriuria. Regular bladder
washouts reduce the risk, principally by ensuring
more effective clearance of urinary mucus than
intermittent catheterisation alone.

Clinical presentation

Age

Stones may develop from as carly as 2-3 months
of life. In children there is a higher prevalence in
early childhood (less than 5 years), predominantly
due to an excess of infective stones secondary to
urinary tract infection.

Urinary infection

Although older children may present with recog-
nisable symptoms of urinary infection, the clinical
picture in infants may be deceptively non-specific,
consisting of vague ill health, low-grade fever and
failure to thrive. The isolation of Proteus from a
child’s urine should always prompt investigation
for possible underlying stone disease.

Haematuria

Macroscopic or microscopic haematuria is a
common feature of calculi, but there is only a poor
correlation between the severity of haematuria and
the extent and distribution of stones within the
urinary tract. Absence of blood on microscopy or
reagent strip testing does not exclude the possibil-
ity of stones.

Passage of stone
material per urethram

Occasionally stones come to light when a fragment
or some softer matrix material is passed per
urethram. In infants the presence of unusual
material and streaks of blood in the nappy may be
incorrectly ascribed to balanitis.

Pain

Acute renal colic of the pattern and severity
encountered in adults is not a prominent feature of
the symptomology in children. When pain does
occur it is often a poorly localised symptom in a
fractious, unwell child.

Abdominal mass

Xanthogranulomatous pyelonephritis (see below)
presents with general ill health which may be
accompanied by a palpable abdominal mass — a
clinical picture resembling Wilms’ tumour.

Diagnosis

The role of diagnostic imaging can be considered
at two levels.

Initial screening
for possible calculi

Ultrasound

In experienced hands ultrasound is a sensitive
modality for the detection of renal calculi. Depending
on their physical characteristics (chemical compo-
sition, hardness, etc.), calculi can be directly
visualised on ultrasound. In addition, solid stones
cast an ‘acoustic shadow’; which serves to distin-
guish calculi from other echogenic lesions within
the renal collecting system (Figure 11.1). Ureteric
calculi and small bladder calculi may sometimes be
difficult to detect on ultrasound.

Abdominal X-ray

Until recently a plain abdominal radiograph has
been considered mandatory to look for possible
calculi in any child undergoing investigation for
haematuria. Similarly, the investigation of urinary
infection in boys less than 5 years of age has previ-
ously included a routine plain abdominal X-ray
(Figure 11.2). Likewise, a documented Proteus
urinary infection at any age was thought to merit
a plain abdominal X-ray, except in older girls with
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Figure 11.1

Ultrasound appearances of renal calculi,
illustrating ‘acoustic shadow’.

uncomplicated urinary infection of mild or
moderate severity. However, the sensitivity of
ultrasound for the detection of calculi is now such
that this can be employed as the first-line investi-
gation in the majority of instances, with abdomi-
nal X-ray being undertaken on a selected basis (see
Chapter 3).

Unenhanced spiral
computed tomography

This procedure is rapidly being adopted as the
initial investigation of choice for adults with
suspected stone disease. Spiral computed tomog-
raphy (CT) provides an accurate diagnosis within
minutes, avoids the potential risk of adverse
reaction to contrast media and will positively
demonstrate the presence of radiolucent calculi
that cannot be directly visualised by conventional
radiology. However, the radiation dosage is
estimated to be three to five times greater than that
of an intravenous urography (IVU), although this
nevertheless amounts to only a quarter of the
recommended limit of medical radiation exposure
for a child in a year. Other drawbacks include the
requirement for more complex equipment than
IVU and greater difficulty in interpreting the
images of the collecting system. The role of spiral
CT as front-line diagnostic modality in children
requires further evaluation.

Figure 11.2 Plain X-ray revealing multiple infective
calculi in the left kidney.

Evaluation prior to treatment
of proven stone disease

DMSA

Regardless of whether open surgery or minimally
invasive treatment is planned, differential function
in the affected kidney(s) should be documented on
DMSA (dimercaptosuccinic acid), and re-evalu-
ated after treatment.

Intravenous urography

For a number of reasons the IVU retains a valuable, if
limited, role in the diagnostic evaluation of stones —
for example, by permitting visualisation of non-
opaque stones and the matrix component of infective
staghorn calculi. Information on calyceal anatomy is
important in planning percutaneous nephrolitho-
tomy (PCNL) and external shockwave lithotripsy
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Figure 11.3
calculus in a single (orthotopic) ureterocoele. The IVU
is also useful in helping to establish the nature of the
predisposing anatomical abnormality.

Intravenous urogram demonstrating a

(ESWL). Ureteric calculi are best localised by intra-
venous urography (Figure 11.3). Finally, the IVU
may be helpful in identifying any underlying
anatomical abnormality predisposing to urolithiasis.

Ad(ditional investigations
Micturating cystography

Micturating cystography (MCU) is not routinely
required. Infection and the passage of stone
material to the bladder may result in transient
VUR, which resolves once the infection has been
treated and stone clearance achieved. However,
when ureteric dilatation persists postoperatively, or
in the event of further infection, an MCU should
be performed.

Dynamic renography

Dynamic renography, e.g. MAG3 (mercaptoacetyl-
triglycine), DTPA (diethylenetriamine pentaacetic
acid), is undertaken if obstruction is suspected.
However, the diagnosis of obstruction should not
be made in the presence of a large calculus within
the renal pelvis. Assessment of a possible pelvi-
ureteric junction (PUJ) obstruction can only be
made after a period of time following the complete
removal of the stone.

Computed tomography

As already indicated, the potential role of
unenhanced spiral CT in the initial diagnosis of
stone disease is still undergoing evaluation in
children. However, CT has a well-established
role in the diagnosis of xanthogranulomatous
pyelonephritis and for visualising non-opaque
calculi.

Metabolic investigations

Underlying metabolic disorders are not always
reliably reflected in the chemical composition of
the stones they give rise to. For this reason urinary
biochemistry is more useful than the time-
honoured practice of sending stones for labora-
tory investigation. The presence of urinary
infection does not exclude the possibility of
metabolic stones, as the two aetiologies may
coexist. Every child with stone disease, regardless
of the perceived aetiology, should therefore
undergo metabolic screening after the eradication
of infection (Table 11.1).

Stone screening

Stone screening can be reliably undertaken on a
random ‘spot’ sample of 2-5 ml of urine, although
an early morning specimen may be preferable for
some studies. Twenty-four hour urine collections
are impracticable in children and are only required
for the specific investigation of rare metabolic
disorders.
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Table 11.1 Metabolic screening protocol

Fasting blood sample for plasma levels of urea,
electrolytes, creatinine, calcium, phosphate, uric
acid

Early morning urine sample (pH to exclude renal
tubular acidosis)

‘Spot’, i.e. untimed, urine sample 2—5 ml (divided
in the laboratory into two aliquots)

First aliquot acidified and analysed for
creatinine, calcium, magnesium, cystine, oxalate

Second aliquot alkalinised and analysed for
creatinine and uric acid

Management

Some form of intervention is almost invariably
required to physically remove the stone(s) or reduce
them to fragments, which can then be passed
spontaneously. In adult practice minimally invasive
modalities have become the mainstay of treatment.
With improvements in the technology and increas-
ing experience these techniques are now effectively
used in paediatric practice, making the need for
open surgery significantly less common. However,
there are aspects of treatment unique to paediatric
stone disease that need specific consideration:

o Sixty per cent of stones in children are infective
in origin and often bulky; as such, they may not
be amenable to ESWL. However, some authors
have published evidence to support the
contention that even large calculi in infants
under 1 year of age respond well to ESWL.

o General anaesthesia is necessary for younger
children in view of the discomfort and to ensure
they remain still. The majority of ESWL proce-
dures in adults are performed without general
anaesthesia.

e PCNL and ureteroscopy can now be performed
with suitable instruments in children; however,
the instruments used in children are, nevertheless,

relatively large in relation to body size because of
the need to insert probes for stone disintegration
of large calculi.

Open stone surgery

Kidney

Following exposure and mobilisation of the
kidney, isolated stones within the collecting
system can usually be removed with stone forceps
via an incision in the renal pelvis without undue
difficulty (Figure 11.4). The bulk of a staghorn
calculus can also be removed by this approach, but
the subsequent removal of fragments impacted in
the calyces, necessary to achieve total stone clear-
ance, often proves time-consuming and frustrat-
ing. Some of the manoeuvres that can facilitate
this task are illustrated in (Figure 11.5). With the
advent of ESWL it is often preferable to treat any
small residual fragments by ESWL at a later date,
rather than incur the haemorrhage and parenchy-
mal damage associated with multiple incisions in
the renal cortex.

Techniques dating from the days of extensive
open stone surgery in adults (anatrophic nephrolitho-
tomy, renal cooling, etc.) have only a very limited
application in paediatric practice. To minimise the
risk of unsuspected retained fragments, intraoper-
ative ‘on-table’ X-rays of the kidney are mandatory
to confirm that stone clearance has been achieved
(Figure 11.6). Intraoperative X-rays may also help
the surgeon decide when to abandon nephrolitho-
tomy in favour of postoperative ESWL.

Extrarenal drainage is essential in view of the
considerable leakage of urine that may occur from
the incision sites in the kidney postoperatively.
Following extensive renal surgery a short period of
nephrostomy or indwelling JJ stent drainage may
also be indicated (Figures 11.7 and 11.8).

Ureter

In the absence of obstruction, severe pain or infec-
tion, a small stone (e.g. <5 mm) can be managed
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Figure 11.4 Pyelolithotomy. Open removal of a
calculus from the renal pelvis.

expectantly in the hope that it will pass sponta-
neously into the bladder, from where it will be
passed by voiding or will be accessible to

endoscopic removal. If the stone fails to pass or is
accompanied by symptoms or obstruction, the
following options are considered.

Ureteroscopy

This procedure can be performed in any age group.
The stone is disintegrated with a laser probe — see
below.

Stone basket

Stone extraction using a basket is not of practical
use in paediatric practice. After disintegration,
most fragments pass spontaneously.

Ureterolithotomy

Stones in the distal ureter can be removed via a
Pfannenstiel incision. Midureteric stones are best
approached transperitoneally via an oblique
muscle-cutting incision. The ureter is closed
loosely with a few interrupted absorbable sutures
to minimise the risk of stricture formation.

Figure 11.5 Additional intraoperative manoeuvres for the clearance of calyceal calculi or fragments. (a) Surgi-
cal exposure of calyceal neck by dissection at the renal hilum. (b) Nephrolithotomy. (c) High-pressure saline

irrigation.
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Figure 11.6 Intraoperative ‘on-table’ X-ray to confirm
stone clearance.

Bladder

Stones which have recently passed into the bladder
from the upper tracts can be managed conserva-
tively in the expectation that they will be passed
from the bladder by voiding, but stones arising de
novo within the bladder, or bladder stones forming
around the nidus of an upper tract fragment, are
often too large to pass spontaneously by the time
they are diagnosed.

Open surgery (cystolithotomy) remains the
preferred option for very large stones, particularly
those forming within augmented bladders. Where
the bladder neck has been formally closed in
conjunction with augmentation and the creation of
a Mitrofanoft stoma, open cystolithotomy 1is the
simplest and most effective surgical option.

Urethra

Urethral calculi are rare in children and result from
impaction of a calculus (or post-ESWL fragments)
during its passage through the urethra, or in situ
stone formation within an anatomical abnormality,
such as a miillerian remnant or the urethral stump
of a rectourethral fistula following surgery for an
anorectal anomaly.

Urethral calculi can be removed or crushed
using rigid endoscopic biopsy forceps. Meatotomy

Figure 11.7 Multiple infective calculi, removed by
pyelonephrolithotomy from the patient illustrated in
Figure 11.2.

Figure 11.8 Plain abdominal X-ray of the patient
illustrated in Figures 11.2 and 11.7. Total stone clear-
ance achieved, indwelling JJ stent in situ.
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may be required to release a stone impacted within
the fossa navicularis.

Minimally invasive treatment

Kidney

External shockwave
lithotripsy (Figure 11.9)

Shockwaves generated either by high-tension spark
or by piezoelectric energy are transmitted through
a fluid to the patient. Using ultrasound or X-ray
linked to the shockwave generator, this energy is
focused on the renal stone(s). Unlike adults, in the
paediatric age group general anaesthesia is frequently
required to ensure that a suitable position is
maintained throughout the duration of treatment,
to provide analgesia and ensure cooperation with
the procedure. Repeated general anaesthetics may
be required to achieve stone clearance.

ESWL has been demonstrated to be valuable for
the treatment of small or non-infective stones in
older children, and also for ‘mopping up’ residual
fragments following PCNL or open stone surgery.

Percutaneous nephrolithotomy

A percutancous track is established to permit
the introduction of an endoscope into the renal
collecting system. Under direct vision the stone is
removed or disintegrated most commonly with an

Figure 11.9 Child being
treated under general anaes-
thesia by a current generation
Storz lithotripter. Stone locali-
sation and imaging during the
treatment is achieved by a
combination of X-Ray C arm
and ultrasound.

[P

Figure 11.10 Percutaneous nephrolithotomy (PCNL).

ultrasonic probe (Figure 11.10). Although PCNL
has so far been largely limited to older children and
adolescents, the availability of instruments
designed specifically for paediatric use will extend
the role of this modality.

Ureter

Ureteric stones, once visualised by semirigid or
flexible ureteroscopy (Figure 11.11a and b), are
fragmented by laser (pulse dye laser or holmium).
Infrequently, where large fragments remain, a JJ
stent may be required.
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(a)

Figure 11.11

(a) Ureteroscopy and laser lithotripsy.
(b) Ureteroscopic view demonstrating two individual
5mm calculi prior to laser fragmentation. Note guide
wire running in 11 o’clock position.

Bladder

Endoscopic treatment is now feasible for the major-
ity of bladder stones. The stone is shattered using a
lithoclast (employing the principle of a pneumatic

Figure 11.12 Endoscopic fragmentation of bladder
calculus by lithoclast.

drill) passed down the channel of a paediatric cysto-
scope (Figure 11.12). Larger fragments are removed
by vigorous irrigation and suction, whereas small
fragments can be left to pass spontaneously.

Complications

Open stone surgery

Complications include haemorrhage, particularly after
multiple nephrotomies, retained or displaced stone
fragments, prolonged urinary leakage and parenchy-
mal damage resulting in loss of renal function.

Open ureterolithotomy carries a risk of ureteric
stricture. Ureteric damage (perforation, avulsion)
may also result from injudicious attempts at
ureteric basket extraction.

Minimally invasive modalities

Initial concerns regarding the safety of these
techniques in children, particularly the risk of
parenchymal damage and subsequent hyperten-
sion, have not been borne out in practice, although
the long-term outcomes have yet to be fully
documented.
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Parenchymal damage is an anticipated risk
associated with PCNL, but, as with ESWL in this
age group, the findings of postoperative DMSA
scans have generally shown very little evidence of
significant scarring. Ureteroscopy may result in
transient reflux and carries a possible risk of fibro-
sis and vesicoureteric junction obstruction, but in
the hands of an experienced endourologist the risk
of complications appears to be low.

Results

A recent review of 15 years of paediatric experience
confirmed that the minimally invasive management
of calculi is both safe and effective. In this series 218
renal units were managed by ESWL (140 renal
units), PCNL (43 renal units) or ureteroscopy (35
renal units). The incidence of underlying urological
abnormalities was around 20%. The overall success
rate in clearing stones <20 mm by ESWL was 85%
(comparable with other recent published studies).
However, in cases of larger or staghorn calculi, the
results were significantly worse. For these and certain
other stones there has therefore been a gradual shift
to the use of PCNL - for which a clearance rate of
79% was achieved in this series. PCNL had a
7% retreatment rate (although 37% of children
required some additional procedures), albeit with a
complication rate of only 6%. For ureteric stones,
ureteroscopy and laser lithotripsy with the holmium
laser was highly effective, achieving 100% clearance.

Conclusions based on the published literature can
be briefly summarised as follows: renal calculi which
are <20 mm are most effectively treated by ESWL,
whereas larger stones and especially staghorn calculi
are better treated by PCNL. For ureteric stones,
ureteroscopy and lithotripsy with the holmium laser
is now the modality of choice. In addition, there is
still an occasional place for open surgery.

Recurrence
Infective calculi

The recurrence risk can be minimised by correct-
ing any underlying predisposing anatomical

11.13 CT
pyelonephritis of the right kidney, illustrating calculi
embedded within a non-functioning inflammatory
renal mass. Normal left kidney.

Figure scan. Xanthogranulomatous

abnormality and by maintaining infection-free
urine with antibiotic prophylaxis for 12 months
following surgery.

Metabolic calculi

A high fluid intake is essential. In addition, a
number of specific measures can be employed, e.g.
pyridoxine in primary hyperoxaluria, p-penicil-
lamine in cystinuria, and allopurinol in conjunc-
tion with a low-purine diet for xanthinuria.

Xanthogranulomatous
pyelonephritis

This rare manifestation of stone disease is charac-
terised by features of chronic sepsis — weight loss,
anaemia, elevated erythrocyte sedimentation rate
(ESR) — and the presence of an inflammatory mass
which may extend to involve adjacent viscera. The
diagnosis is confirmed by a combination of ultra-
sound, CT (Figure 11.13) and DMSA, which
reveals absent or minimal function in the affected
kidney. Treatment consists of nephrectomy.
Although open nephrectomy is generally prefer-
able in view of the dense inflammatory adhesions
and risk of damage to adjacent organs, the use of
laparoscopic nephrectomy for this condition has
also been reported.
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Key points

Urinary calculi are rare in childhood.
Urinary infection is an important
aetiological factor, but underlying
metabolic predisposition is being
increasingly recognised as a major
cause.

Every child presenting with calculi
should be thoroughly evaluated to
identify any underlying metabolic
disorder or urological malformation.
Urine biochemistry should be
combined with stone analysis to
diagnose metabolic disorders.
Minimally invasive modalities such as
ESWL, PCNL and endoscopic
lithotripsy have now largely
superseded open techniques in the
treatment of children’s stones.

e Careful follow-up, with maintenance of
sterile urine and appropriate treatment
of any metabolic disorder, is essential
to minimise the risk of stone
recurrence.
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Introduction

Urinary incontinence by day (diurnal), night
(nocturnal) or both day and night is common
during childhood. It can be defined as the ‘invol-
untary loss of urine from the urinary tract’. It is
often a cause of major social morbidity in affected
individuals: it causes children to be stigmatised by
their peers and has a disruptive impact within their
families. Children who wet, therefore, deserve as
much attention as children with other urological
disorders.

The terminology currently recommended by the
International Children’s Continence Society will
be employed throughout this chapter. A simple
classification used in this chapter is shown in
Figure 12.1. Although organic (anatomical) causes
of incontinence are rare (accounting for well under
1% of referrals from general practice), it is essen-
tial that they are excluded in the first instance since
they almost always require active treatment (often
surgical) and, in some instances, pose a threat to
renal function. Only when an organic cause has
been excluded can the complaint be assumed to be
functional in aetiology. The problem then essen-
tially becomes social rather than medical, and
because the natural history of almost all these
disorders is benign, any decision regarding active
management should rest principally with parents
and the young patient.

Organic urinary incontinence
Functional diurnal incontinence
Nocturnal enuresis

Childhood urinary
incontinence

I
Nocturnal Diurnal

| Functional | | Neuropathic |
. A, .
| Obstructive | | Structural |
Figure 12.1  Simple classification of childhood urinary
incontinence.
Development

of bladder control

During infancy, voiding is a reflex act which is
mediated and coordinated at brainstem level.
Nevertheless, the arousal characteristically occurring
premicturition indicates the existence of sensory
input to higher centres. As a result, for example,
voiding rarely; if ever, occurs during sleep. Although
reflex voiding contractions are not under any volun-
tary control, they are nonetheless accompanied by
relaxation of the sphincter complex (detrusor—
sphincter synergia) and detrusor contractions are
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sustained until the bladder is empty. This pattern of
normal reflex voiding is sometimes disturbed in
infants with organic bladder outflow obstruction
(e.g. posterior urethral valves), while studies of boys
with gross vesicoureteric reflux have shown high-
pressure dysfunctional voiding even in the absence
of demonstrable urethral obstruction.

During the first year of life the frequency of
voiding remains fairly constant, at approximately 20
times per day, declining over the next 2 years to
around 11 times per day, and by the age of 7 years
settling to an average of five times per day. This
decreased frequency is associated with a growth-
related increase in bladder capacity that is dispropor-
tionately greater than the volume of urine produced.

Successful toilet training is dependent upon
several factors, the most important being the
development of voluntary inhibition of the voiding
reflex. Following successful toilet training, the
normal bladder cycle consists of the following
stages, each under neurological modulation:

1. As the bladder fills, the urethral sphincter
contracts via modulation from T10-12 lumbar
sympathetic pathways and S2—4 voluntary
somatic control.

2. The urethral sphincter relaxes via $2—4 volun-
tary somatic control.

3. The pelvic floor relaxes via S2—4 voluntary
somatic control.

4. The detrusor contracts in response to stimula-
tion via parasympathetic S2—4 pathways.

5. Urinary flow occurs to completion.

6. The urethral sphincter contracts via S2-4
voluntary somatic control.

In some young children — perhaps even the major-
ity — there is a transitional phase where this ability
to inhibit the voiding reflex is related to filling
volume, so that once this is reached there is only a
short interval between the first perception of a
desire to void and the necessity to do so. Usually
by 5 years of age, a mature filling/voiding cycle
exists, with maintenance of detrusor stability
despite a strong desire to void. At the appropriate
time, voiding to completion occurs by sustained

Table 12.1
incontinence

Organic causes of childhood urinary

Urinary infection (Intermittent leakage)
Neuropathic (Continuous/intermittent leakage)
Bladder outflow obstruction (Intermittent leakage)
Structural (Continuous leakage)

Exstrophy/epispadias

Ureteric ectopia (girls)

Congenital short urethra (girls)

Urovaginal confluence (girls)

detrusor contractions accompanied by synergistic
sphincter relaxation.

Patient assessment

Clinical

Exclusion of organic disease (Table 12.1) always
represents the first priority and is usually possible
on the basis of history, physical examination and,
when appropriate, ultrasonography of the urinary
tracts. More invasive investigations, including
urodynamics, are only required occasionally.

History

Whenever dealing with a child with urinary incon-
tinence, the three fundamental questions to be
addressed are:

e Does the wetting occur principally or
entirely by night, principally or entirely by
day, or both by day and night?

e Is the problem primary (ie. lifelong) or
secondary (i.e. of onset following toilet training
and after a period when the child was dry)?

e In the case of daytime wetting, does this
occur continuously or only intermittently?

For practical purposes, purely night-time wetting
that is primary and unaccompanied by any daytime
symptoms (primary monosymptomatic nocturnal
enuresis) zever has an underlying organic basis.
Bedwetting that is of secondary onset or is associ-
ated with daytime symptoms, by contrast, can very
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Figure 12.2 Six-year-old girl
dribbling upon standing up after voiding. Examination
revealed extensive occlusion of the introitus by labial
adhesions, resulting in retrograde filling of the vagina
during voiding. Symptoms were cured by separation of
the labial adhesions.

presenting with

occasionally result from bladder outflow obstruc-
tion or neurological disease. It should be noted that
polyuric states (e.g. diabetes mellitus or insipidus)
typically cause nocturia, not bedwetting.
Although wetting confined solely to the daytime
is usually functional, in girls there are two other
anatomical possibilities deserving consideration,
one being retrograde filling of the vagina during
voiding that leads to slight urinary leakage for the
first half hour or so thereafter. Typically this occurs
in girls with partial occlusion of the introitus due
to extensive labial adhesions (Figure 12.2). The
other possibility is that of an ectopic ureter. Urine

may pool within the dilated ureter or vagina,
leaking out only when the child is active and
upright but not while the child is asleep and lying
flat. A number of key considerations are helpful
when evaluating the history:

e Both primary and secondary wetting are
compatible with either a functional disorder
or organic disease.

e Although secondary wetting is usually
functional in aetiology, it can also occur as a
result of bladder outflow obstruction or
neurological disease.

e A congenital structural anomaly can be
virtually discounted as a cause of wetting in
a child who was previously dry.

e Daytime wetting that is truly continuous
always has an underlying organic cause,
either structural or neurological.

e Although intermittent daytime wetting is very
occasionally indicative of bladder outflow
obstruction or neurological disease, it is of
functional origin in the great majority of
cases, particularly when the wetting occurs
infrequently.

Typical information to be obtained in a history of
a child with wetting is listed in Table 12.2.

Physical examination

The examination of a child with incontinence
should include the abdomen, spine and genitalia,
along with assessment of the lower limbs and gait
and a simple lower limb neurological examination.
Salient features on examination include:

e A palpably enlarged bladder, with or without
palpable kidneys, is indicative of outflow obstruc-
tion, whether organic or neurological. A palpable
bladder that is also expressible is virtually pathog-
nomonic of neurological disease: this is all the
more likely in the presence of gross constipation.

e Examination of the male genitalia will identify
primary epispadias, pathological phimosis

(balanitis xerotica obliterans) and meatal stenosis
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Table 12.2 History of a child with wetting

Example

Comment

Number of episodes of
wetting/day and or
nights/week

Frequency of voiding/day
and voiding/night
Presence of urgency/
Vincent's curtsey sign
Urge incontinence

Stress incontinence
Stream — onset, presence
of hesitancy

Stream characteristic
Fluid intake, last drink
taken, type of drink taken

Bowel habit

Day = 5/7, 3x/day
Night = 7/7, 1x/night
(early morning)

Day/night = 7/1

Laugh, exercise, cough

Stop/start, continuous
ml/day of cola, blackcurrant,
water

Bowels open 1-2x/day,

Accurate data should be obtained for
ease of follow-up assessment. Terms
such as ‘occasional’ and ‘sometimes’
are unhelpful

Child crouches down on heel, pushing
on perineum to prevent leakage

Hesitancy may be caused by obstruction.
A normal stream does not exclude
obstruction

Sign of obstruction or detrusor instability
Cola drinks and blackcurrant juice have
been incriminated as possible causes of
bladder instability

It is vital to get a bowel history in

no pain, no blood,
normal motions

Use of shampoos, soaps, etc. Hair wash in bath, child
sits in soapy water, etc.

Parents wet until
teens, siblings wet
Asthma, cystic
fibrosis, ADHD

Family history of wetting

Drug history, other health
history

children with incontinence

It has been speculated that changes in
perineal bacterial flora can predispose

to urinary infections and secondary
bladder instability

This aspect of the history is only relevant
to night-time wetting

Some medical illnesses and their
treatment affect bladder function

ADHD, attention-deficit hyperactivity disorder.

(including, occasionally; stenosis of a hypospadiac
orifice). Examination of the female genitalia
will identify primary epispadias (Figure 12.3) a
urogenital sinus anomaly (Figure 12.4), fused
labia minora and imperforate hymen. An
ectopic ureteric orifice is only very rarely
evident on gross inspection, although in some
affected individuals urine may be seen leaking
from the introitus. To avoid distress in older girls
and adolescents, it is generally more appropriate
to undertake the examination under sedation or
anaesthesia. Regardless of the setting, examina-
tion of the genitalia should always be carried out
in the presence of a chaperon.

e Hairy patches, swellings, cutaneous haeman-

giomata and sinuses of the spine are strongly
indicative of underlying spinal dysraphism
(although blind-ending pits overlying the tip
of the coccyx are of no neurological signifi-
cance). Sacral agenesis is detectable clinically
by palpable absence of the lowermost sacral
segments and, in most cases, by the appear-
ance of flattening of the upper buttocks.

Neurological disease is suggested by exagger-
ated lower limb reflexes (or frank clonus) or
by wasting of the calves or deformities of the
teet, especially if asymmetrical. The lower-
most sacral segments should be examined for
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Figure 12.4 Anatomy of common urogenital sinus
with urovaginal confluence. (See also Chapter 14,
Cloacal anomalies.)

Figure 12.3 Female epispadias. Bifid clitoris with
wide urethral meatus. This anomaly in females is
invariably associated with sphincter weakness
incontinence.

motor and sensory integrity. An abnormal
gait should also arouse suspicion of neuro-
logical disease.

Investigations

An ultrasound scan of the abdomen and urinary
tract is advisable for all children referred with
daytime wetting and should, whenever practicable,
include estimation of postvoid residual urine in
addition to measurement of bladder wall thickness
and visualisation of the upper tracts. Findings of
possible significance include:

e Duplication anomalies are of relevance to
wetting only in girls. Uncomplicated duplica-
tion is unlikely to be significant, whereas the
identification of hydronephrosis or dysplasia in
the upper pole of a duplex kidney is strongly

suggestive of an ectopic ureter. It should be
noted, however, that the ultrasound appear-
ances of the kidney may be normal, in which
event the demonstration of a dilated ureter
behind the bladder may provide the clue to the
presence of an ectopic ureter.

Upper tract dilatation may be indicative of
organic bladder outflow obstruction or neuro-
pathic bladder and while these conditions usually
give rise to bilateral dilatation, they are not
excluded by the finding of unilateral dilatation.
Bladder wall thickening, although suggestive
of bladder outflow obstruction or neuropathy; is
also commonly found, albeit to a minor extent,
in children with functional detrusor overactivity
and/or detrusor-sphincter dyssynergia.

The presence of residual urine within the
bladder after voiding is suggestive of bladder
outflow obstruction or neuropathy. However,
this finding should be interpreted with caution,
especially in younger children who commonly
have a significant residual urine (exceeding 10%
of expected bladder capacity) on some occasions
but not others. Hence, whenever there is doubt,
the examination should be repeated.
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A urinary flowmeter is often helpful in providing
additional information, albeit with the proviso
that flow rate needs to be carefully interpreted
depending on the volume of urine voided.
However, a flow rate of less than 15 ml/s or a
urinary flow with a stop/start ‘staccato’ pattern is
suggestive of anatomical or functional bladder
outflow obstruction.

Although urine culture is usually negative, girls
with asymptomatic bacteriuria represent a notable
exception. In these patients the bacteriuria and
the wetting may be separate manifestations of a
common, single underlying pathology, typically
characterised by incomplete bladder emptying
from whatever cause.

Urodynamic examinations should be employed
sparingly and selectively in children because they
are invasive and potentially distressing. The indica-
tions include:

e suspicion of neuropathic bladder

e suspicion of genuine stress incontinence

e severe wetting that fails to respond to empirical
treatment based upon a clinical diagnosis.

Magnetic resonance imaging (MRI) of the spinal
cord, cauda equina and sacrum is indicated should
there be suspicion of neurological disease.

Cystourethroscopy may be indicated, particu-
larly for boys, when some form of anatomical
bladder outtlow obstruction is suspected. This exami-
nation may also be of occasional therapeutic
benefit, e.g. endoscopic resection of late presenting
urethral valves.

Additional investigations are occasionally
necessary to confirm or exclude the presence of an
ectopic ureter and these usually take the form of
MRI (ideally MR urography) or laparoscopy. In
the methylene blue test, the dye is instilled into
the bladder via a catheter, which is then removed
and a pad placed over the vulva. Subsequent
leakage of clear urine onto the pad confirms the
presence of an ectopic ureter: ‘blue’ leakage, by
contrast, indicates that the wetting problem is of
bladder origin.

Organic urinary incontinence
in children (see Table 12.1)

Urinary infection

Acute lower urinary tract infection commonly
causes wetting in children (usually girls) whose
bladder control is quite normal at other times.
Once the infection is treated, the wetting usually
rapidly resolves, although in a few cases, it persists
tor some time afterwards. The indications for inves-
tigation are essentially the same as for the investi-
gation of any child of comparable age presenting
with urinary infection of similar severity.

Spinal neurological disease

Clinical features suggestive of underlying neuro-
logical disease comprise:

e urinary incontinence of unusual severity,
especially if accompanied by constant dribbling
of urine

e marked disturbance of bowel habit, particularly
it associated with faecal soiling

e an expressible bladder

e any suggestion of lower limb locomotor
problems, clumsy gait, etc.

A spinal X-ray, traditionally undertaken as the
first-line investigation in the presence of one or
more of the features listed above, is of limited value
as a normal examination does not exclude the
presence of neurological pathology, while the
isolated laminal defects at L5 or S1 that are
commonly found are only very rarely of any signif-
icance (unlike the occasional discovery of laminal or
vertebral defects at two or more levels). For these
and other reasons, MRI of the spine has become
the investigation of first choice in such cases and, in
the event of a positive finding or continuing suspi-
cion of neurological disease, the opinion of a paedi-
atric neurologist should be sought at an early stage.
Ultrasound may disclose upper tract dilatation
(bilateral or unilateral), marked thickening of the
bladder wall or a large residual urine volume.
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Exstrophy/epispadias
See Chapter 15.

Congenital short urethra

As with epispadias, the history is one of continuous
urinary leakage and the urethral meatus is typically
both wide and patulous. The diagnosis is
confirmed by endoscopy. It has been suggested that
this anomaly is a variant of primary epispadias.

Urogenital sinus anomalies

Isolated lesions that are not associated with
anorectal or cloacal anomalies sometimes present
with urinary incontinence, due either to neuro-
pathic bladder resulting from an associated spinal
anomaly; or to a form of urogenital sinus anomaly
(urovaginal confluence) associated with an incom-
petent sphincteric mechanism (see Figure 12.4). In
the latter case there is always continuous daytime
urinary leakage. All urogenital sinus anomalies are
characterised by a single vulval orifice that resem-
bles neither vagina nor urethra.

Labial adhesions

Labial adhesions may contribute to retrograde
filling of the vagina on voiding and subsequent
dribbling when the girl stands up from the toilet.
While it is important to consider the diagnosis of
labial adhesions in girls with postvoid dribbling,
this phenomenon can also occur in the absence of
labial adhesions.

Bladder outflow obstruction

This condition occurs far more commonly in boys
than in girls. Causes in boys include posterior
urethral valves, urethral stricture (including post
hypospadias repair), syringocele, meatal stenosis
(e.g. following circumcision) and pathological
phimosis due to balanitis xerotica obliterans. In
girls, haematocolpos or hydrocolpos due to
imperforate hymen or vaginal atresia may present
with bladder outflow obstruction, generally at or

after puberty and with an accompanying history of
primary amenorrhoea. Causes affecting both sexes
are pelvic tumours and severe constipation,
although these conditions more often present with
urinary retention than incontinence.

The urinary stream is usually impaired but many
boys are unaware of this (as are their parents). If there
is suspicion of bladder outflow obstruction, it is often
helpful to observe the child voiding, where this is
possible, or alternatively obtain a measurement of
tlow rate. With few exceptions, incontinent episodes
are associated with urgent micturition, which in turn
is the consequence of obstructive detrusor overactiv-
ity. Residual urine, if not detectable clinically; is nearly
always found on ultrasonography; often in conjunc-
tion with thickening of the bladder wall. The upper
renal tracts, however, usually remain undilated, even
in some cases of posterior urethral valves. In girls,
hydrocolpos or haematocolpos is always demonstra-
ble by ultrasonography:.

All patients suspected of having bladder outflow
obstruction deserve examination under anaesthetic,
cystoscopy, or both. It is important to be aware that
the clinical picture may resemble primary detrusor
overactivity and, for a while at least, there may be
a symptomatic response to detrusor antispasmod-
ics. The speed at which wetting symptoms resolve
following relief of obstruction is very variable and,
while some children become dry within a matter of
weeks or months, it is not uncommon for the
incontinence to persist for longer, occasionally even
for years. In that event, the use of antispasmodics is
entirely appropriate.

Genuine stress incontinence and
the wide bladder neck anomaly

Among girls presenting with urinary incontinence,
only a very small proportion are found to have
genuine stress incontinence, typically with a charac-
teristic clinical history and appropriate urodynamic
findings. The ‘wide bladder neck anomaly’ is
periodically described in the literature, although
whether this is a genuine entity remains open to
doubt. It has recently been shown that girls
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involved in strenuous sporting activity such as
gymnastics can demonstrate stress incontinence
and that patients with cystic fibrosis have up to a
30% incidence of this complaint. During videouro-
dynamic examination of girls, it is not uncommon
to find the bladder neck slightly open, but rarely, if
ever, is it possible to demonstrate stress urinary
leakage. In doubtful cases, an empirical trial of
an o-adrenergic agonist (e.g. ephedrine) may be
employed, and in the event of a clear-cut clinical
response, genuine stress incontinence may be
assumed even if this has not been confirmed
urodynamically. In exceptional cases, it may be
necessary to consider a bladder neck sling proce-
dure for patients who have reached adolescence.

Ureteric ectopia
See Chapter 7.

Non-neuropathic neuropathic
bladder

See below under ‘Functional diurnal urinary
incontinence’.

Functional diurnal
urinary incontinence

Among 7 year olds, some 3% of girls and 2% of
boys experience functional daytime wetting at least
once a week. Some 30% of the former and 50% of
the latter also have nocturnal incontinence.
Functional diurnal enuresis in children is distin-
guishable in several forms (Table 12.3), almost all of
them with a benign natural history and with detru-
sor overactivity as the underlying common cause.

The overactive bladder
Aetiology

More than of 80% of children with daytime
wetting have urgency and in the great majority this
is due to an overactive bladder, typically at the
endstage of filling. The cause is unknown and may

Table 12.3 Functional diurnal enuresis

Detrusor instability

Urge syndrome
uncomplicated
dysfunctional voiding

Deferred voiding

Lazy bladder

Occult neuropathic bladder

?Detrusor instability or central (CNS)
Giggle incontinence

Non-detrusor instability
Diurnal frequency syndrome
Sensory urgency

be multifactorial. It is, however, likely that in many
instances the phenomenon represents no more
than delayed maturity of bladder control and that
affected children remain at that transition phase
wherein detrusor inhibition is still volume related.
Why this should occur is seldom obvious, as with
tew exceptions they are otherwise well-adjusted
individuals who have experienced nothing out
of the ordinary by way of toilet training. There is
no familial predisposition to this complaint.
Urgency may also feature prominently among the
symptoms of children whose detrusor overactivity
is a secondary response to functional outflow
obstruction associated with dyssynergia.

Clinical features

The majority of affected children experience incon-
tinence associated with urgency of micturition,
and experience only a transient interval between
the first desire to void and the necessity of doing
so. Indeed some children claim that they do not
realise they are voiding at all. Children attempt to
counter urgent urinary leakage by contraction of
the striated urethral sphincter and pelvic floor
muscles and may reinforce this process by various
manoeuvres, characteristically by crouching with
the heel pressed into the perineum (Vincent’s
curtsey sign). Sometimes urinary leakage is consid-
erable (flooding), but is mostly relatively slight,
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consisting of damp patches only. However, leakage
of as little as 2 ml is sufficient to stain boys’
trousers and a similar volume may embarrass girls
by the resulting urinary malodour. Some children
find their problem worse in cold weather, while in
others overactivity may be precipitated by certain
drinks, particularly fizzy drinks. An element of
daytime frequency exists in a majority of cases and
a proportion — more boys than girls — are also
troubled by nocturnal enuresis.
The urge syndrome has two subcategories:

e Uncomplicated urgency is clinically distin-
guishable by a normal, smooth, uninterrupted
urinary stream, and is urodynamically charac-
terised by detrusor—sphincter synergia and,
usually, by voiding to completion. Girls and
boys are almost equally affected. Only seldom
is there a history of urinary infection. Minor
degrees of constipation are common. It has
been suggested that an appreciable proportion
of these children exhibit features of the atten-
tion-deficit hyperactivity disorder (ADHD).

¢ Dysfunctional voiding is clinically recognisable
by a urinary stream that is fluctuant or inter-
rupted (‘staccato’ voiding), and the urodynamic
picture during intentional micturition is one of
detrusor—sphincter dyssynergia, ecither with
incomplete relaxation of the sphincter or with
alternating phases of contraction and relaxation.
Incomplete voiding is common. It is thought
that these children, having learned to ameliorate
the consequences of detrusor instability by
voluntary contraction of the urethral sphincter,
subsequently and behaviourally come to lack
sphincter inhibition during deliberate voiding.
Girls are affected almost exclusively and
upwards of 90% experience recurrent urinary

Some 30% have vesicoureteric

reflux, with or without associated renal scarring,

and there is evidence that such reflux develops
secondarily as a result of repetitive episodes
of abnormally high intravesical pressure conse-
quent upon a combination of detrusor over-
activity and detrusor-sphincter dyssynergia.
Although degrees of constipation are sometimes

infections.

found, these children only rarely exhibit features
of any psychological disorder (see Hinman’s
syndrome below).

Prognosis

Spontaneous resolution is the rule, with only 2-3%
of patients troubled into adult life. Among those
more intractably affected, moving to live independ-
ently away from home often tends to effect the final
cure. The chance of spontaneous resolution during
any 1 year is of the order of 1 in 6.

Investigation

A positive urine culture merits other appropriate
investigations (Chapters 3 and 4).

Ultrasonography commonly demonstrates
minor thickening of the bladder wall, while signif-
icant residual urine (>10% of expected bladder
capacity) is suggestive of dysfunctional voiding. If
necessary, uncomplicated urgency can be distin-
guished from dysfunctional voiding by flowmetry.

Urodynamic examination is seldom needed for
diagnostic purposes: unlike in adult men, bladder
outflow obstruction is only a very rare cause of
urgency in boys, while in girls, unlike in adult
women, it is only very rarely necessary to distin-
guish detrusor overactivity from genuine stress
incontinence.

Management
Active measures are seldom effective before 5 years
of age. Thereafter, there are several options.

Ameliorative measures

School authorities should be made aware of the
problem so that the child is allowed to go to the
toilet as necessary. Inconspicuous incontinence
pads are available in children’s sizes.

Simple bladder retraining

Strategies include a fluid intake evenly distributed
throughout the day, the avoidance of drinks known to
precipitate bladder overactivity, and a regimen of
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timed voiding, beginning at hourly intervals and, if
successful, slowly extending these by degrees. During
the course of history taking, it will often emerge that
the affected child voids rarely, if at all, during the
course of a normal school day, an admission that may
come as a surprise to the parents. It is important,
therefore, for the child to try and establish a regular
voiding routine based around breaks and lunchtime.
Significant constipation should be treated.

Detrusor antispasmodics

Oxybutynin is immediately and unequivocally
effective in 60-70% of cases and troublesome side
effects are less common than in adults. As a rule,
treatment must be continued for at least 3 months,
although in a few instances for rather longer than
that and occasionally for more than a year. Many
patients find slow-release oxybutynin more effec-
tive than the conventional preparation, while
tolterodine represents an alternative agent for
those unable to tolerate oxybutynin in any form.

Cognitive bladder retraining

Although effective in as many as 80% of cases,
including those unresponsive to detrusor antispas-
modics, this technique, because it is more demand-
ing than simple retraining, is unsuitable for children
under 8 years of age. As it is also both time-consum-
ing and expensive, it is best employed on a selective
basis, being most useful in well-motivated girls
troubled by dysfunctional voiding. Conducted by a
trained urotherapist, children in age- and sex-
matched pairs undergo a structured programme that
first introduces them to the elements of bladder
anatomy and physiology and thereafter, using non-
invasive biofeedback techniques, teaches them to
recognise and then control their bladder signals.

Botulinum toxin A

There is increasing evidence from adult practice
that the injection of up to 400 units of botulinum
toxin A into the bladder produces a dramatic
improvement in symptoms and objective urody-
namic parameters, a therapeutic effect that can
last for up to 7 months, including in patients

unresponsive to first-line treatments. Similar results
have lately been reported from a small number of
paediatric trials. The toxin is injected at about 30
sites using a rigid cystoscope under general anaes-
thesia and, although injection into the trigonal area
is usually avoided, it has recently been suggested
that this trigonal sparing is unnecessary. According
to some authorities, this form of treatment should
nowadays be employed as the next step, should
anticholinergic medication fail.

Neuromodulation

This is a well-established technique in adults, but
because it is invasive and involves the implantation
of sacral nerve electrodes, it is rarely used in
children. However, the use of transcutaneous electri-
cal nerve stimulation (TENS) is worth considering.
Two electrodes are placed over $4 dermatomes on
the buttocks and lower limbs and used for a
number of hours. Some patients respond very well
to this and the improvement may be incremental
with successive cycles of treatment.

Sensory urgency

A few children, mostly girls, who exhibit
symptoms typical of the urge syndrome yet are
wholly unresponsive to treatment, are found on
urodynamic examination to have sensory rather
than motor urgency. Apart from a very small
number of cases with chronic or interstitial cysti-
tis, the actiology of this complaint is no less
obscure than that of its adult counterpart. Bladder
overdistension under general anaesthesia produces
symptomatic relief in some individuals and the use
of intravesical oxybutynin has also been described.

Diurnal urinary frequency
of childhood

More commonly affecting boys than girls, and
principally those aged 4-7 years old, this complaint
is characterised by the sudden onset of gross daytime
urinary frequency, as often as every 10-15 minutes.
It is pathognomonic of this disorder that the daytime
frequency is #ot accompanied by any corresponding
degree of nocturia: night-time voiding seldom
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occurs more than twice and typically not at all.
Bedwetting may happen during the first few days,
and occasionally diurnal enuresis also, but otherwise
incontinence is not a feature of the condition and
other urinary symptoms are conspicuously absent.
Urine culture and ultrasonography are normal and
the frequency is wholly unresponsive to detrusor
antispasmodics. The aetiology is unknown, although
the discrepancy between bladder behaviour awake
and asleep is compatible with a behavioural origin.
The complaint is always self-limiting, usually over
3-12 weeks. A handful of children experience recur-
rent cycles over a period of 1-2 years.

Deferred voiding

This problem is common in 4-6 year olds of both
sexes, but only occasionally in older individuals,
many of whom have a behavioural disorder. Urgent
micturition, owing to presumed detrusor instability,
is a consistent feature, but the wetting arises princi-
pally because the child defers micturition until it is
too late. In most cases, it is apparent that other
activities, e.g. playing outdoors, take precedence
over the social desirability of continence. Treatment
is unnecessary for youngsters as the condition is self-
limiting. Older children with behavioural disorders
deserve the attentions of a clinical psychologist.

Lazy bladder

This condition, virtually confined to girls, typically
comes to light at 8-10 years of age and may present
with daytime incontinence, urinary infection or
incidental detection of a palpable and usually visibly
distended bladder postmicturition. The upper renal
tracts are always undilated and the urodynamic picture
is one of low-pressure retention with detrusor—
sphincter dyssynergia and non-sustained detrusor
contractions. Detrusor overactivity is a further
feature in most cases. Lazy bladders are almost
certainly behavioural in origin, resulting from exces-
sive reliance on hold manoeuvres over a prolonged
period of time. It is usually self-limiting, character-
istically resolving quite suddenly during the course
of puberty. Only symptomatic children need treat-
ment, supplemented by antibiotic prophylaxis in the

event of urinary infection. Daytime incontinence
represents a difficult problem in these cases as detru-
sor antispasmodics must obviously be used with
caution. Intermittent catheterisation works well if
tolerated. Cognitive bladder retraining represents
the most effective remedy.

Giggle incontinence

Largely confined to girls, this complaint typically
presents around 9-12 years of age. The history is
unmistakably one of urinary leakage occurring with
giggling or laughing but at no other time. In most
instances there is an otherwise entirely normal
pattern of micturition. Urodynamic examination
may disclose detrusor instability, either sponta-
neous or provoked, but is more often wholly
unremarkable, even during giggling. The actiology
is unknown, although there is often a family
history. Whether the complaint is truly self-limiting
is open to doubt and the apparent improvement
that usually occurs through puberty and into adult
life may, in reality, represent no more than adapta-
tion to avoid the precipitating circumstances.

Frequent episodes call for treatment. Oxybu-
tynin is helpful in some cases and imipramine in
others. Ritalin (methylphedinate) is the most
consistently effective agent. Because it is mostly
used in the treatment of ADHD, the parents of
children with giggle incontinence may reject its use
on account of the perceived stigma attached to
ADHD and unfavourable media coverage. Never-
theless, it can prove dramatically effective in girls
for whom severe giggle incontinence has a major
impact on their school and social life.

Non-neuropathic neuropathic
bladder

In children with this rare disorder the bladder
behaves as though ‘neuropathic’ yet there is no
identifiable neurological disease. The condition is
distinguishable from severe dysfunctional voiding
or lazy bladder by the radiological features of saccu-
lation and eclongation of the bladder (‘fir-tree’
bladder), which, in most instances, are accompa-
nied by secondary changes in the upper renal tracts.



168 Essentials of paediatric urology

In the classic form, Hinman’s syndrome, there
is almost always a background of domestic turmoil
or a history of severe physical or psychological
upset occurring at, or shortly after, the time of
toilet training. It is likely that affected children,
because they are profoundly fearful of wetting
themselves, grossly overuse their external urethral
sphincter to counteract unstable detrusor contrac-
tions in a desperate attempt to stay dry. This leads
to excessive intravesical pressures, to detrusor
hypertrophy and, ultimately, to detrusor non-
compliance, with consequent secondary upper renal
tract complications. Presentation, typically at
5-8 years of age, is with unusually severe urinary
incontinence, compounded in most cases by
urinary infections and marked disturbance of
bowel habit. A few children have evidence of renal
insufficiency. The natural history is variable, with a
tendency towards spontaneous resolution postpu-
bertally. However, because of the risk to the upper
renal tracts in the absence of treatment, an expec-
tant approach is not a safe option and management
should be instituted along the lines described for
the true neuropathic bladder (Chapter 13).

In the other form of this complaint it would
appear that there is some genuine but unidentifiable
neurological lesion. There is never any background
of psychological disturbance and presentation is
often with episodic urinary retention, sometimes
dating back to early infancy. Somewhat curiously,
bowel habit is usually normal. So far as treatment is
concerned, any distinction between these two
categories of non-neuropathic bladder is academic.

Primary monosymptomatic
nocturnal enuresis

Some 5-10% of 7 year olds wet the bed three or
more times a week, a figure that does include a few
children with secondary nocturnal enuresis and a
slightly higher proportion who also have daytime
symptoms, with or without actual wetting.
However, the substantial majority who wet the
bed have primary monosymptomatic nocturnal
enuresis and, of these, two-thirds are boys.

The aetiology of this complaint is multifactorial
and in any individual one or more factors may
apply. Established aetiological factors comprise:

e A positive family history (upwards of 75% of
cases).

e Impaired functional bladder capacity, clinically
manifest by a degree of daytime frequency:

e Uninhibited nocturnal detrusor contractions.
Although demonstrable in approximately a
third of patients, these also occur in asympto-
matic children. Diurnal urgency of micturition
is a clinical indicator of such detrusor activity.

o Sleep arousal difficulty. Nocturnal enuresis does
not, as is commonly supposed, result from deep
sleep, as bedwetting occurs at all stages of the
sleep cycle, but many aftected children lack the
normal arousal from sleep that should occur as
functional bladder capacity is approached.

e Absence of a circadian rhythm of vasopressin
release. Levels of vasopressin normally increase
at night, but in as many as 75% of bedwetters
(and a still higher proportion of those with a
positive family history) such an increase is absent
or diminished and leads to a nocturnal urinary
output exceeding the functional bladder capacity.

Although nocturnal enuresis is sometimes a manifes-
tation of psychosocial problems or of behavioural
disorders, the great majority of bedwetters are
normally adjusted children. The clinical features vary
from one patient to another. Some children wet
every night or almost so, whereas others are troubled
less often and tend to experience alternating spells of
wet and dry nights. Some children wet more than
once a night, and the time of wetting varies between
individuals. With only occasional exceptions, the
wetting does not wake the child. As indicated previ-
ously in this chapter, secondary enuresis should
prompt suspicion of organic disease. However, this
is an unlikely explanation if, as is often the case, the
onset has coincided with some physical or emotional
upset. Except for those children with coexisting
daytime symptoms and those with ‘suspicious’
secondary enuresis, investigation is unnecessary, with
the exception of excluding infection. The prognosis
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is excellent, with spontaneous resolution by the time
of physical maturity occurring in 97-99% of affected
individuals. The probability of cessation in any 1 year
is approximately 1 in 6.

Treatment, if sought, should not commence
before 5 years of age. The type of treatment
depends in some measure on the clinical features,
while its likelihood of success is heavily dependent
on the motivation of the child and the family. It
should be emphasised that all medications represent
treatment rather than cure, although symptomatic
treatment may help to expedite cessation of the
underlying problem earlier than would otherwise
have been the case. The parents should be encour-
aged to take a positive attitude towards the problem
and scolding and punishment are to be condemned.
Possible active measures are as follows:

o Star charts, combined with rewards, are partic-
ularly suited to the younger patient.

e Enuretic alarms, which alert and sensitise the child
to respond appropriately to a full bladder during
sleep, serve to convert this signal from one of
micturition to one of inhibition of micturition and
waking (Figure 12.5a and b). This measure, best
deferred until at least 7 years of age, achieves a
successful outcome in 60-75% of cases and, unlike
treatment with medication, such success is only
seldom followed by relapse. Failures tend to occur
in least-motivated children and in those with a
background of domestic disharmony or a history
of daytime symptoms.

e Desmopressin has a vasopressin-like action and,
whether administered intranasally (Desmospray)
or orally (Desmotabs, Desmomelt), is effective in
upwards of 70% of patients. The relapse rate
after cessation of treatment is high (30-50%)
and is to some extent dependent on the duration
of treatment. Desmopressin may be used for
short periods, to cover special occasions, or for a
more extended duration, up to 12 months.
Whenever used over a prolonged period, the
dosage should be periodically reduced or stopped
in order to determine whether the treatment
needs be continued. Predictors of success include
a positive family history or wetting soon after

(b) ~

Figure 12.5 (a) Enuresis alarm. The pad is placed
under the bed sheet, with bedside battery-powered
buzzer. (b) Compact enuresis alarm suitable for the
treatment of nocturnal enuresis or ambulatory treatment
of diurnal enuresis. The buzzer device is pinned to the
pyjamas (or clothes when used in the daytime) and the
sensor worn between two pairs of underclothes.

going to sleep, whereas predictors of failure are
concurrent daytime symptoms.

e Detrusor antispasmodics, such as oxybutynin,
are principally of value in children who are also
troubled by daytime urgency and frequency.
When given on this selective basis, these drugs
are effective in up to two-thirds of cases.

e Imipramine is nowadays considered an unfash-
ionable treatment of last resort. Nevertheless, its
efficacy has been confirmed in several well-
conducted trials. Its mode of action is unknown.

e Combination of treatments. In some patients,
treatments that are unsuccessful individually may
prove to be effective when used in combination.
Examples are desmopressin with oxybutynin and
desmopressin with an enuretic alarm. However,
imipramine should never be prescribed in
conjunction with desmopressin.
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Key points

The initial priority is to exclude
organic causes of urinary
incontinence, although these

are rare.

Primary monosymptomatic nocturnal
enuresis seldom, if ever, has an
underlying organic basis.

Most organic (anatomical or
neurological) causes of daytime
wetting can be excluded on the basis
of history, examination and
ultrasonography.

Organic causes of daytime wetting
are classifiable as neurological,
obstructive and structural, the last
category being confined almost
exclusively to girls.

Functional diurnal enuresis is due
to detrusor instability in the

great majority of cases, and

the natural history of this

complaint in children is one of
spontaneous resolution.
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Introduction

Until the late 1950s, when the development of
shunting devices to treat hydrocephalus led to the
survival of large numbers of patients born with
myelomeningocoele, neuropathic bladder was a rare
disorder in children and received correspondingly
little attention. Thereafter, unfortunately, it soon
became apparent that children with myelomeningo-
coele presented with urological problems, as well
as others, over and above those experienced by
adults with spinal cord injury. The particular difti-
culties were:

e a preponderance of female patients, with evident
implications for the management of incontinence

¢ a high incidence of secondary upper renal tract
complications in patients of both
although in boys more commonly.

sexes,

Conduit urinary diversion quickly became estab-
lished as the means of overcoming both problems
in children with spina bifida and remained in
vogue until the mid-1970s, by which time its
limitations were apparent and alternative strategies
had become available. The first of these, clean
intermittent self-catheterisation (CISC), remains
the mainstay of treatment today. Employed as the
sole means of treatment, however, CISC, even

Investigation
Management
Bowel management

when practicable, achieves continence in only a
minority of patients (10-20%) and does not
always protect the upper renal tracts. Subsequent
developments, addressing these drawbacks, have
comprised more effective medication, augmenta-
tion cystoplasty, sphincter-enhancing procedures
and the Mitrofanoff principle.

Aetiology (Table 13.1)

Myelomeningocoele

Despite a markedly declining incidence during
recent years, myelomeningocoele remains the
most common cause of congenital neuropathic
bladder. The condition results from partial failure
of tubularisation of the neural crest and, because
the normal process proceeds caudally, the conus
medullaris is almost always involved, with only
some 6% of patients escaping neuropathic bladder
and bowel. The untubularised neural crest (neural
plaque) contains grossly disorganised tissue and,
consequently, the extent of the plaque determines
the degree of paralysis. Regardless of the neurolog-
ical deficit, 25-30% of patients retain positive
conus reflexes (anocutaneous, glans-bulbar), and
among these a minority with low-level sacral or
lumbosacral myelomeningocoele have incomplete
cord lesions with sensory sparing and, occasionally,
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Table 13.1 Aetiology of childhood neuropathic deformity, is largely limited to thoracolumbar
bladder lesions and in some instances may make it physi-
cally impossible for patients of either sex to
Congenital Acquired perform urethral self-catheterisation.

Myelomeningocoele

Spina bifida occulta

Cord trauma

Cord infarction

Diastematomyelia Prematurity
Lumbosacral lipoma Cardiac and aortic
Intraspinal cysts surgery
Tethered cord
Sacral agenesis Tumours
Sacrococcygeal
teratoma

Neuroblastoma

Transverse myelitis

motor sparing also. Other features of relevance to
urological management include:

e Hydrocephalus — although almost invariably
present, this does not always require shunting. The
severity of hydrocephalus broadly matches the
extent of the neural plaque and because, with some
exceptions, the severity of hydrocephalus also
reflects the level of intelligence, myelomeningo-
coele patients are unique in that increasing physical
and intellectual disabilities tend to go hand-in-
hand. In some patients CISC, or the manipulation
required to handle an artificial urinary sphincter,
may be precluded by the impaired manual dexter-
ity often associated with hydrocephalus.

e Mobility — almost all patients with a neurologi-
cal level above L3 (i.e. lacking normal quadri-
ceps function) ultimately come to lead a
wheelchair existence, no matter what degree of
mobility they may have achieved during child-
hood. For someone with reasonably good
mobility a bladder capacity sufficient for 2-
hourly intervals between voiding is (just about)
adequate, whereas for a wheelchair-bound
patient at least twice that capacity is desirable.

e Spinal deformity — the incidence and severity of
these deformities relates to the extent of the
neural plaque. Kyphoscoliosis, the most severe

¢ Congenital upper urinary tract anomalies —
although more prevalent than among the popula-
tion at large, the nature of these anomalies
(typically unilateral renal agenesis, or anomalies of
position or fusion) is such that only rarely do they
affect practical management.

Other congenital cord lesions

Because these lesions are not associated with hydro-
cephalus nor, as a rule, with major neurological
deficits or spinal deformities, urological manage-
ment is seldom influenced by factors other than the
bladder dysfunction itself. Most affected patients,
including those with incomplete cord lesions, have
negative conus reflexes. The commonest of these
lesions is lumbosacral lipoma.

Sacral agenesis (Figure 13.1)

Sacral agenesis may occur as a feature of anorectal
anomalies or as an isolated lesion: in the latter
instance, the mother is often an insulin-dependent
diabetic. The implications of sacral agenesis in
children with anorectal malformations are consid-
ered in Chapter 14. Regardless of whether it is an
isolated or a coexisting anomaly, the cord lesion
associated with sacral agenesis is invariably incom-

Figure 13.1

Sacral agenesis — characteristic
wasting of the buttocks.
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Figure 13.2 Videourodynamic  equipment
(videocystometry). Two catheters (or a single
double-lumen catheter) are inserted into the
bladder urethrally or suprapubically to permit
filling and simultaneous intravesical pressure
recording (TBP = total bladder pressure on the
traces illustrated below). Electronic subtraction of
intra-abdominal pressure, measured by a rectal

plete and, uniquely, any peripheral neurological
deficit bears no predictable relation to bladder or
sphincter dysfunction.

Acquired cord lesions

These are rare. Cord trauma may occur at any level
but is most common in the mid-dorsal region.
Patients affected by transverse myelitis usually make
an excellent recovery except for the bladder, which
remains affected in upwards of 50% of cases. Other
causes include spinal artery thrombosis (occurring in
sick or premature infants) and spinal tumours.
Because of the small numbers, the risk of second-
ary upper renal tract complications is unquantifi-
able, although they undoubtedly occur more
commonly than in adults with spinal cord injury.
Girls and boys appear to be at roughly equal risk.

Pathophysiology

Basic considerations

In essence, clinical management aims to replicate,
so far as possible, normal bladder function, namely:

e filling and storage, i.c. by ensuring adequate
low-pressure functional capacity

balloon catheter (RP = rectal pressure), provides
a measurement of true detrusor pressure (IDP =
intrinsic detrusor pressure). Anatomical informa-
tion is obtained by using radiographic contrast for
the study, although X-ray screening time should
be kept to a minimum.

e emptying, i.e. to maximise effective bladder
capacity and minimise the risk of stasis-related
infection

¢ voiding at will — in patients with neuropathic
bladder, normal voluntary control of voiding is
absent and some unphysiological or artificial
means must be employed, either by abdominal
compression or straining (possible only when
there is some element of sphincteric incompe-
tence) or by CISC, whether per-urethrally or via
a Mitrofanoff channel.

Classification

As with acquired forms, congenital neuropathic
bladder dystunction is largely determined by the site
of the cord lesion, albeit with the difference that an
intermediate pattern of dysfunction is commonly
seen. Urodynamic investigation, essential for eluci-
dating the several patterns of bladder dysfunction
associated with neuropathic bladder, should always
consider the bladder—sphincter complex together
rather than as separate entities. Basic features of the
equipment used for videourodynamic investigation
(also termed videocystometry) are illustrated in
Figure 13.2. In some instances, electromyography
(EMG) recordings of pelvic floor musculature are
also measured using surface or needle electrodes.
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Important practical considerations when conduct-
ing a urodynamic examination are that:

e It is best performed by the clinician also respon-
sible for the patient’s management.

o It should, if at all possible, be combined with
simultaneous cystography.

e Slow filling is employed, at no more than 10%
of expected bladder capacity per minute
(expected functional capacity in ml is calculated
as follows: 0-2 years, capacity = weight (kg) x
75 2—12 years, capacity = (age + 2) x 30).

e The presence or absence of sphincteric incom-
petence should be assessed periodically during
filling by manoeuvres that raise intra-abdominal
pressure (standing, coughing, application of
suprapubic pressure).

e In the presence of gross sphincteric incompe-
tence it may be necessary to occlude the bladder
neck by a Foley balloon catheter in order to fill
the bladder to expected capacity.

A number of different classifications of the
pathophysiology of neuropathic bladder have
been described. The one adopted here is founded
upon the three basic patterns revealed by urody-
namic examinations, along with the ways in which
these influence both bladder filling and emptying.

In suprasacral cord lesions (contractile
bladder) the conus medullaris is intact (Figure
13.3) and so too, although isolated from higher
centres, is the innervation of both detrusor and
external urethral sphincter. Conus reflexes are
positive. Detrusor contractility is enhanced. The
sphincteric mechanism, usually including the
bladder neck (Figure 13.4), is intact and voiding
occurs solely by detrusor contractions, almost
always accompanied by detrusor—sphincter dyssyn-
ergia (i.e. loss of the usual coordination between
detrusor contraction and sphincter relaxation). This
may be termed dynamic sphincteric obstruction.
Repetitive high-pressure detrusor overactivity may
ultimately lead to secondary changes in the detru-
sor itself and, in turn, to detrusor non-compliance
and/or upper renal tract complications.
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Figure 13.3 Suprasacral (a) and sacral (b) cord
lesions: note that bladder innervation is determined by
the distal, not the proximal, extent of the lesion (D =
reflex detrusor activity, ACR = anocutaneous reflex).

In sacral cord lesions (acontractile bladder) the
conus medullaris is destroyed (see Figure 13.3), as
is the innervation of both detrusor and external
urethral sphincter. Conus reflexes are negative and
detrusor contractility is absent. Some degree of
sphincteric incompetence is always present so that
voiding occurs either by overflow or by raising
intra-abdominal pressure. During such voiding,
any obstruction is located at the level of the exter-
nal urethral sphincter (Figure 13.5), and is termed
static sphincteric obstruction. Unlike detrusor—
sphincter dyssynergia, static sphincteric obstruc-
tion represents a fixed urethral resistance, constant
in any individual patient but varying unpredictably
from one patient to another.

More severe degrees of obstruction result in good
functional capacity at the expense of large volumes of
residual urine (see Figure 13.5), whereas minimal
obstruction, equating to gross sphincteric incompe-
tence, is associated with greatly reduced functional
capacity and negligible residual urine (Figure 13.6).
An inevitable consequence of voiding by abdominal
straining against a fixed urethral resistance is that

functional
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capacity scarcely exceeds residual urine, and hence
that effective capacity is virtually zero. Acontractile
bladders may be smooth or sacculated. A degree of
detrusor non-compliance is common and, when
present, serves to further limit functional capacity
where urethral resistance is low; or results in excessively
raised intravesical pressure where the resistance is high.
Intermediate bladder dysfunction is charac-
terised by a combination of detrusor hyperreflexia,
typically generating low pressures, and some degree
of sphincteric incompetence (Figure 13.7). Conus
reflexes are negative. Sacculation (Figure 13.8) is
common, as is detrusor non-compliance. During
voiding the appearance of any urethral obstruction
more closely resembles that of static sphincteric
obstruction than detrusor—sphincter dyssynergia.
The factors responsible for impaired bladder
capacity are summarised in Table 13.2. In patients
with myelomeningocoele the patterns of dysfunction
are: contractile 25%, acontractile 15% and interme-
diate 60%. Contractile dysfunction is appreciably

rarer with all other forms of congenital cord lesion.

Figure 13.4 Contractile bladder.
The bladder neck is closed at rest
(A) and remains so despite a rise
in intra-abdominal pressure (B). A
reflex detrusor voiding contraction
is accompanied by detrusor—
sphincter dyssynergia and which is
initially complete (C) (TBP = total
bladder pressure, RP = rectal
pressure, IDP = intrinsic detrusor
pressure).

Incomplete cord lesions

Incomplete cord lesions, with sacral sensory sparing
(and sometimes motor sparing also), are of clinical
significance principally when associated with contrac-
tile bladder dysfunction (conus reflexes positive).
Such patients retain some sensation of bladder
fullness and typically experience gross urgency of
micturition. A proportion achieve spontaneous, if
precarious, urinary continence. It is, however, impor-
tant to note that despite acquiring continence these
patients may nevertheless have urodynamic abnor-
malities predisposing to upper tract complications.
Urethral sensation is usually largely intact with
incomplete cord lesions and in some instances to the
extent that the discomfort experienced during CISC
precludes per-urethral self-catheterisation.

Secondary upper
renal tract complications

Such complications, typically as obstruction or
reflux, are prevalent in all children with neuropathic
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Figure 13.5 Acontractile bladder. During abdominal
straining there is persistent narrowing at the level of
the external urethral sphincter (A), which ultimately
becomes complete (static sphincteric obstruction)
despite continued straining (B): baseline intravesical
pressure falls following this partial voiding.

bladder, whatever the cause. Twenty per cent of
children with myelomeningocoele are affected by
the age of 2 years. The incidence thereafter is diffi-
cult to determine and may be influenced (for better
or for worse) by the effects of treatment. At an
estimate, however, 50% of boys are at risk of upper
tract complications by the time they complete
puberty; the percentage in girls is somewhat smaller.

Factors responsible for secondary complications
are summarised in Table 13.3.

¢ Urinary infection is extremely common and, in
the very young, may lead to renal scarring even
in the absence of vesicoureteric reflux. Most
infections result from bladder dysfunction, and
their treatment consequently hinges more upon
improving bladder function rather than repeti-
tive courses of antibiotics.
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Figure 13.6 Acontractile bladder. The bladder neck
is closed at rest (A) but the sphincteric mechanism

becomes totally incompetent with a rise in intra-
abdominal pressure (B).

¢ Vesicoureteric reflux may be primary or, more
often, secondary. In the case of secondary reflux,
treatment is aimed principally at correcting the
underlying abnormality of bladder function.

e Bladder outflow obstruction, whether in the
form of detrusor—sphincter dyssynergia or static
sphincteric obstruction, is an invariable precur-
sor to secondary upper urinary tract obstruction
or reflux. However, it leads to these complica-
tions only when associated with raised intraves-
ical pressure due to detrusor overactivity, detrusor
non-compliance, or a combination of both.
The relative importance of these two factors
is debatable, with conventional urodynamics
pointing to detrusor non-compliance as the
more important factor whereas ambulatory studies
have tended to implicate detrusor overactivity.
When considering detrusor non-compliance,
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Figure 13.7
abdominal pressure (B).

baseline pressures exceeding 20 cmH,O within
the physiological range of capacity on conven-
tional slow-fill urodynamics should be regarded
as being ‘unsafe’. Whatever the detrusor behav-
iour, secondary upper renal tract complications
never occur in the presence of gross sphincteric
incompetence and a permanently empty bladder.
This happy state may, of course, be reversed if
sphincteric incompetence is treated without
considering the possible subsequent effects of
detrusor malfunction.

Natural history of neuropathic
bladder malfunction

Neuropathic bladder dysfunction can change over
the course of time, in terms of both severity or, less

Intermediate bladder. Voiding occurs both by detrusor hyperreflexia (A) and by raising extra-

often, the particular pattern of dysfunction.
Whatever change occurs, however, is almost invari-
ably for the worse. Although no time of life is free of
this problem, the periods of greatest risk are during
the first 2 years, when some 30% of neonatally ‘safe’
bladders become ‘unsafe’, and subsequently during
the course of puberty: In this latter age group, boys
are at greater risk than girls, possibly because prostatic
growth increases urethral resistance.

Patient assessment

History

General features to be ascertained from the
history comprise mobility, intelligence and social
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Figure 13.8 Cystographic appearances of neuro-
pathic bladder (intermediate type) showing both
sacculation and static sphincteric obstruction.

background, plus the nature and effectiveness of
any bowel management. With regard to the urinary
tract:

e Continuous dribbling, particularly if exacer-
bated by coughing, crying or standing, is almost

Table 13.2 Causes of impaired bladder capacity

pathognomonic of some degree of sphincteric
incompetence.

A discrete, spontaneous urinary stream is
typical of a contractile bladder, whereas a stream
that is also interrupted is typical of detrusor—
sphincter dyssynergia.

Urinary infections, especially if febrile, are
strongly suggestive of upper renal tract compli-
cations, actual or impending.

Examination

The relevant features are that:

Bladder distension is indicative of outflow
obstruction.

An expressible bladder is pathognomonic of
bladder neuropathy with some measure of
sphincteric incompetence.

A bladder that cannot be expressed, by
contrast, implies either sphincteric competence
or a bladder that is virtually empty by reason of
gross sphincteric incompetence.

Neurological examination, which can be
limited to the lowermost sacral segments, is
aimed at demonstrating the presence or absence
of conus reflexes and the existence of any sacral
sensory or motor sparing. It should be borne in
mind that because they are associated with
sphincteric competence, positive conus reflexes
carry an excellent prognosis for continence.
Most patients with positive reflexes become dry
on CISC alone or in combination with an
anticholinergic drug; few patients come to
augmentation cystoplasty and none to sphincter
enhancement procedures.

Contractile bladder Acontractile bladder Intermediate bladder
Detrusor overactivity Sphincteric incompetence Sphincteric incompetence
Detrusor non-compliance Detrusor overactivity

Combinations

Detrusor non-compliance
Combinations
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Table 13.3 Causes of secondary upper renal
tract complications

Urinary infection

Vesicoureteric reflux

Bladder outflow obstruction plus detrusor
overactivity and/or non-compliance

Neonatal assessment
The expressibility (or otherwise) of the bladder is

readily determinable neonatally, similarly the
presence or absence of conus reflexes and, as
judged by general arousal to perianal pinprick, the
existence of sacral sensory sparing. No matter how
slight the neurological deficit, a neuropathic
bladder is certain if the bladder can be readily
expressed, if the conus reflexes are negative, or if
there is no sensory sparing. By contrast, bladder
function may prove to be normal if the bladder
cannot be expressed and conus reflexes are positive
and there is sacral sensory sparing, a combination
of findings that is sadly rare.

Investigations

Imaging studies

Ultrasonography of the urinary tracts, with
estimation of the volume of residual urine where
practicable and relevant, represents the best
means of both initial assessment and follow-up.
The frequency of ultrasound examinations for
the latter purpose is determined by what is
known of bladder dysfunction and hence the
perceived risk of upper tract complications.
Among other imaging studies, DMSA scintigra-
phy is of value in patients with vesicoureteric
reflux or those experiencing febrile urinary infec-
tion. Micturating cystography, to confirm or
exclude vesicoureteric reflux or bladder outflow
obstruction, is best combined with simultaneous
urodynamic examination.

Urodynamics

Some of the technical aspects of urodynamics have
been considered above and are illustrated in Figure
13.2. The principal indications for this examina-
tion are to:

o identify the ‘unsafe’ bladder in neonates and
plan for its immediate treatment

e determine the cause(s) of secondary upper
urinary tract complications

e plan the treatment of incontinence.

Management

Basic considerations

In order of priority, the aims of management are:

e to preserve renal function

e to prevent progressive bladder damage (fibrosis as
a result of high-pressure storage and emptying)

e to achieve social continence (ideally without
dependence on appliances and in a manner the
patient may practise independently).

Consequently, all schemes of management incor-
porate the following basic principles:

e Renal function always takes precedence over
continence.

o Treatment must relate realistically to the patient’s
other characteristics and abilities as a whole (i.e.
age, sex, mobility, intelligence, dexterity, defor-
mity, social circumstances).

o Treatment must also relate to the nature of the
bladder dysfunction.

e When bladder dysfunction is complex its treat-
ment may also need to be more complex (e.g.
CISC combined with a measure to improve
bladder capacity, or with more than one measure
when the reduced capacity is the outcome of
two or more factors).

e Measures that are non-invasive and/or reversible
take priority over those that are neither (i.c.
medical management should always be tried
before surgery is considered).
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In practice, when CISC proves to be ineffective on
its own, any additional measures are invariably
directed at securing adequate low-pressure
functional bladder capacity.

General management of
impaired/high-pressure
bladder capacity

Detrusor overactivity

e Medication (anticholinergics).
e Botulinum toxin A injection (repetitive).
e Augmentation cystoplasty.

Medical management of detrusor overactivity
usually comprises treatment with oxybutynin and,
because this agent is effective in most cases,
augmentation cystoplasty is rarely required for this
indication alone. For patients in whom side effects
are not tolerated, oxybutynin may be adminis-
tered, in the same dosage, by the intravesical route.

Tolterodine, an alternative anticholinergic agent,
is probably equally efficacious and is claimed to
have a lower incidence of side effects. There are
now a number of extended-release preparations
available and these appear to be more effective with
fewer side effects: extended-release oxybutynin is
probably the best. Oxybutynin is also now
produced in dermal patch form. Newer, more selec-
tive, anticholinergic agents are being developed and
are currently undergoing clinical trials.

Botulinum toxin A injection is usually employed
as a temporising measure until young patients
acquire the maturity and compliance with man-
agement that is needed before proceeding to
augmentation cystoplasty. The duration of action
of botulinum toxin injection is approximately
7 months.

Detrusor non-compliance

e Augmentation cystoplasty.

Although the cause of detrusor non-compliance
remains disputed, there is general agreement that
the phenomenon is unresponsive to any currently
available medication.

Sphincteric incompetence

e Medication (a-adrenergic agonists).

e Periurethral/bladder neck injections with a
bulking agent.

e Bladder neck suspension.

o Bladder neck sling.

e Urethral lengthening procedures (Kropp or
Pippi Salle procedures).

o Artificial urinary sphincter.

e Deriurethral inflatable constrictor (Lima).

e Bladder neck closure.

The treatment of sphincteric incompetence
remains less than satisfactory. Marginal degrees
of incompetence may respond to o-adrenergic
agonists (e.g. ephedrine), but anything more
major calls for surgery. As is evident from the
length of the list above, there is as yet no single
procedure that guarantees success. It must also be
re-emphasised that a safe and successful outcome
from treating sphincteric incompetence is depend-
ent on measures to ensure adequate management
of any coexisting detrusor overactivity and/or
detrusor non-compliance.

Surgery for impaired/
high-pressure bladder capacity

Augmentation cystoplasty
Enterocystoplasty

Despite the morbidity inherent in prolonged
exposure of intestinal epithelium to urine (Table 13.4),
enterocystoplasty remains the principal means of
bladder augmentation as it employs a material that
is universally available and, with a few exceptions,
secures consistent and satisfactory urodynamic
outcomes. Intestinal segments in common usage are
ileum, ileocaecum, sigmoid colon and stomach.
With the exception of stomach, all require detubu-
larisation to obviate high-pressure peristaltic activity.
As arule, a clam-patch cystoplasty (Figures 13.9 and
13.10) is used when the urodynamic problem is
principally detrusor overactivity, and a pouched
augmentation (Figure 13.11) when the bladder is
small and non-compliant. Despite detubularisation,
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Posterior Anterior

Figure 13.9 Clam ileocystoplasty viewed laterally.
(a) Bladder opened and incised down to the trigone to
create a ‘clam’ configuration. (b) Segment of ileum
isolated on its mesentery, opened (detubularised) and
sutured on to the bladder.

Figure

13.10 Operative
completed clam ileocystoplasty.

photograph  showing

troublesome peristaltic activity may still occur, even
to the extent of necessitating further augmentation.
As this occurs most commonly following sigmoid
cystoplasty, the use of this bowel segment is best
avoided where possible.

Autoaugmentation

Excision or incision of the detrusor muscle over
the bladder dome creates, in effect, a large, broad-
mouthed diverticulum. Although avoiding the
potential complications of enterocystoplasty, the
urodynamic outcome in terms of increased capac-
ity and reduction of overactivity is rather less
impressive or predictable. Moreover, the long-term
results are not encouraging as fibrosis and contrac-
tion of the diverticulum occurs. However, for
isolated overactivity, satisfactory outcomes are
reported from some units.

Ureterocystoplasty (Figure 13.12)

The dilated ureter, once opened along its full
length, is usually anastomosed to the bladder as a
clam patch; the overlying kidney is removed if
having no useful function or, if otherwise, is
drained by transureteroureterostomy. Because it
furnishes a urodynamic outcome the equal of
enterocystoplasty, ureterocystoplasy is the proce-
dure of choice whenever a suitably dilated ureter is
available. Unfortunately; this is rarely the case.
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Figure 13.11  Sigmoid pouch cystoplasty. (a) Segment
of sigmoid colon isolated on its mesentery. (b) Colonic
segment detubularised, then reconfigured as a pouch.
The use of this form of enterocystoplasty is generally
limited to small, non-compliant bladders.

Autoaugmentation plus
demucosalised enterocystoplasty

The epithelial diverticulum created by a standard
autoaugmentation is covered by a demucosalised
enteric patch, usually of stomach or colon.
Although this technique enjoys the theoretical
advantage of creating an augmentation lined by
urothelium rather than intestinal epithelium, the
long-term outcome has yet to be assessed. Fibrosis
and contraction of the patch is still a problem.

Table 13.4 Complications of enterocystoplasty

Mucus production
Catheter blockage
Infection

Bladder stone

Metabolic changes

Hyperchloraemic alkalosis

Electrolyte disturbance

Systemic alkalosis (gastrocystoplasty)

Spontaneous perforation
Metaplasia/malighancy

Bowel problems
Diarrhoea
Vitamin B,, deficiency

Dysuria/haematuria (gastrocystoplasty only)

Figure 13.12 Ureterocystoplasty.

Augmentation with
tissue-engineered neobladder

Only very recently developed for human use, this
technique entails replacing much of the neuro-
pathic bladder with a cup-like Vicryl ‘construct’
into which the patient’s own urothelial and detru-
sor cells have been seeded and grown in vitro prior
to reconstructive surgery. Although the results
obtained in the first seven patients treated by this
means confirmed its feasibility, the functional
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outcomes were disappointing, with little, if any,
increase in bladder capacity. Presently, then, this
approach must be regarded as being in the experi-
mental phase.

Sphincter-enhancement
procedures

These are two general categories of sphincter-
enhancement procedure:

o The artificial sphincter, which, because it can be
turned ‘on’ and ‘oft” at will, theoretically enables
voiding by abdominal straining alone.

e Other procedures, which, in creating or enhanc-
ing a fixed urethral resistance, necessitate
voiding by CISC.

Artificial urinary
sphincter (Figure 13.13)

This device has several drawbacks:

e Cost.

o Infection and/or urethral erosion, necessitating
device removal.

e Need for revisionary procedures. When the
entire device has been inserted, revision is
almost always required within 12 years of
implantation.

Although voiding is ideally achieved by abdominal
straining alone, in practice some 80% of patients
use CISC as the sole or a supplementary means of
voiding. This proportion is less if preliminary
transurethral sphincterotomy is undertaken, but
the effect of this procedure is not always perma-
nent. Additionally; very few patients who have also
undergone augmentation can achieve adequate
emptying without CISC.

Despite these disadvantages, the artificial
urinary sphincter remains the best option for
boys and renders upwards of 80% reliably dry.
Because the device is designed for adults, it is not
suitable for children under 8 years of age. The
sphincter cuft is usually implanted at the bladder

Pressure-
regulating
reservoir

-

Control pump

Figure 13.13 American Medical Systems AMS 800
artificial urinary sphincter. Components comprise the
cuff, which is implanted around the urethra; the pump,
which is implanted in the scrotum; and the pressure-
regulating balloon, which is sited in a plane between
the peritoneum and the abdominal wall musculature.
(Reproduced with permission from American Medical
Systems UK Ltd, Hanwell, Middlesex, UK.)

neck, although the bulbar urethra is an alternative
site after puberty. When augmentation cysto-
plasty is undertaken simultaneously, it is prefer-
able to implant the sphincter cuft alone, as this
combination will be sufficient in itself to secure
continence in some patients, thereby obviating
any need to implant the other components of the
system.

Inflatable periurethral constrictor
(Figure 13.14)

This new device is cheaper and has fewer compo-
nents than the artificial sphincter. Three cuff sizes
are available and these can also be adjusted at the
time of surgery. As with the artificial sphincter, the
cuff is implanted around the bladder neck or
bulbar urethra, while the reservoir is positioned
subcutaneously in the iliac fossa, the inguinal
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region or the scrotum. Accessible by means of
percutaneous puncture, the reservoir is subse-
quently filled under manometric control to the
pressure required to achieve continence in an
upright position. Voiding or CISC can be achieved
without need to empty the cuff, although it can be
deactivated or reactivated at any time by emptying
or refilling the reservoir.

Injection of periurethral bulking
agents (collagen, silicone, Deflux)

Such agents are of limited value, and secure
complete continence only in those patients with
inherently marginal sphincteric incompetence
or those who are virtually dry as a result of
previous surgery but require a minor degree of
additional outflow resistance to achieve an ideal
result.

Figure 13.14 (a) Lima cuff urethral constrictor with its
two constituent parts; the periurethral cuff and the
implantable inflation reservoir. (b) Lima constrictor with
cuff around bladder neck. (c) Lima constrictor with
reservoir inserted in subcutaneous area of right iliac
fossa.

Bladder neck suspension and slings

If combined with simultaneous augmentation
cystoplasty, a Marshall-Marchetti bladder neck
suspension achieves success in upwards of 80% of
girls. The results of bladder neck slings may prove
to be marginally superior.

Pippi Salle procedure (Figure 13.15)

This urethral lengthening procedure is suitable for
girls but not for boys.

Bladder neck closure

Bladder neck closure necessitates a simultaneous
Mitrofanoft procedure and, in many cases, an
augmentation cystoplasty. Although successful
in more than 90% of cases, both boys and
girls, bladder neck closure should be considered a
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Figure 13.15 The Pippi Salle procedure.

procedure of last resort, to be employed only when
alternatives have failed or are impracticable. Once
the bladder neck has been closed there remains
only one, limited, means of endoscopic access to
the bladder, an important consideration in view of
the incidence of bladder stones following Mitro-
fanoff procedures and enterocystoplasties.

Other surgical procedures
employed with neuropathic
bladder

Mitrofanoff procedure

The principal indications are:

e patients undergoing bladder neck closure

o patients in whom urethral CISC is impractica-
ble by reason of deformity, or is unacceptable
because of urethral sensation.

The appendix, if available and of sufficient length,
is the conduit of first choice. The best alternative
is a Monti tube (Figure 13.16), which, if
constructed of ileum, provides an easily catheteris-
able conduit some 7 cm long. When necessary, a
greater length can be obtained by end-to-end
anastomosis of two or more such tubes or by
the so-called spiral Monti. Stomal stenosis at the
junction between the conduit and skin of the
abdominal wall is the most common complication

Figure 13.16 Monti tube fashioned from ileum. This
is the most satisfactory alternative to the appendix for
the creation of a continent catheterisable conduit
(Mitrofanoff procedure).

and the risk can be minimised by the use of multi-
ple skin flaps or by siting the stoma in the umbilicus.
In obese patients or those with spinal deformities,
it is important that the stoma be visible and readily
accessible in the sitting position.

Cutaneous vesicostomy

This simple and effective temporising means of
reversing established upper renal tract complica-
tions is mainly employed in infants. To reduce the
risk of prolapse the stoma should be sited as near
the apex of the bladder as possible.

Endoscopic urethral sphincterotomy

For boys, sphincterotomy is equally effective in
treating detrusor—sphincter dyssynergia and static
sphincteric obstruction but inevitably leads to
incontinence if the bladder neck is incompetent.
Hence this procedure is of only limited use, either
as a preliminary manoeuvre prior to the insertion
of an artificial urinary sphincter or, occasionally,
for infants and severely disabled patients.

Conduit urinary diversion

Once the mainstay of treatment, this procedure is
nowadays almost exclusively reserved for severely
disabled patients. Careful siting of the stoma is
critical in patients with spinal deformities. When
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the ureters are undilated, the upper renal tracts are
best preserved by constructing a sigmoid conduit
with antirefluxing ureterocolic anastomoses.

Management in
neonates and infants

Although the upper renal tracts represent the
immediate concern, any active treatment should
avoid compromising later continence. Neonates
identified as having an ‘unsafe’ bladder are best
commenced on intermittent catheterisation at this
stage, and oxybutynin (or botulinum toxin A) may
also be considered if there is marked detrusor
overactivity, In other circumstances, regular
(4-monthly) ultrasound surveillance during the
first 2 years of life is usually sufficient.

Despite every effort, major upper renal tract
complications may still occur and are usually best
managed by a temporising cutaneous vesicostomy.
Endoscopic sphincterotomy represents an alterna-
tive for male infants with a contractile bladder and
a competent bladder neck.

Management of the
severely disabled

Less ambitious management, limited to protecting
the upper renal tracts and securing dryness with a
minimum dependence on others, is advisable for
patients with impaired intellect, poor dexterity or,
most commonly, an inability to balance without
support when sitting. A penile appliance is appro-
priate for boys and endoscopic sphincterotomy
should be undertaken if there is any element of
bladder outflow obstruction. An indwelling
urethral catheter, if properly handled, is suitable for
long-term management of girls. Where these
measures fail or are considered socially unaccept-
able, a conduit urinary diversion may be offered to
patients of either sex.

Bowel management

It is self-evidently highly desirable that faecal incon-
tinence is not neglected at the expense of dealing

with its urinary equivalent: all children deserve
to be clean as well as dry. Assessment and treat-
ment should begin at the same time as urological
management.

The effects of spinal cord lesions on the rectum and
anal sphincter are similar to those on the bladder/
sphincter mechanism and faecal incontinence may
result from constipation, overflow incontinence,
sphincteric incompetence or any combination of
these mechanisms. As a rule, initial treatment involves
avoiding gross constipation by means of an appropri-
ate diet or laxative medication, and ensuring regular
colonic emptying by a variety of methods that include
abdominal straining, manual evacuation, purgatives,
suppositories or retrograde enemas.

If these measures fail, or if an older child becomes
unwilling to continue treatment with enemas or
suppositories, an antegrade continence enema
(ACE) procedure should be considered. Utilising the
Mitrofanoft principle to provide continent catheter
access to the proximal or distal colon, the ACE
procedure enables the colon to be regularly and fully
evacuated by means of a variety of solutions ranging
from tap water to phosphate. If, as is often the case,
the appendix is not available for this purpose, a
Monti ileal tube may be used instead, or, alternatively
(and especially if no major urological surgery is to be
undertaken at the same time) a percutaneous
endoscopically guided tube postitioned in the
caecum under colonoscopic vision. Measurement of
the colonic transit time is often helpful in determin-
ing where an ACE procedure should be positioned.
If the transit time is prolonged, a left-sided ACE is
the preferred site as it is associated with fewer
problems (e.g. pain and colonic distension) follow-
ing introduction of antegrade enema fluid. Where
practicable and if wished, an ACE procedure can be
performed at the same time as bladder reconstruc-
tion, thereby achieving faecal and urinary continence
at the one operation.

Since its introduction in 1989, over 1000 ACE
procedures have been performed, and for patients
with a neuropathy a high success rate (exceeding
80%) is coupled with a significant increase in the
‘quality of life’ score. The commonest long-term
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complication is stomal stenosis. If the ACE fails or
is deemed not suitable, a permanent colostomy
remains an acceptable option.

Key points

e Secondary upper renal tract
complications are far more
prevalent among children with
congenital neuropathic bladder than
among adults with acquired lesions,
and occur in both boys and girls.

e Bladder function is determined by
whether the conus medullaris is
intact or destroyed: in the former
instance, conus reflexes are positive
and the sphincteric mechanism is
almost always competent. Positive
conus reflexes carry a good
prognosis for continence.

e Especially among myelomeningo-
coele patients, management may
be influenced by non-urological
considerations (intelligence,
mobility, spinal deformity).

e Intermittent catheterisation
represents effective management
only when there is adequate
low-pressure functional bladder
capacity. In 80—-90% of patients
this is lacking.

e Impaired bladder capacity may
be the result of detrusor

overactivity, detrusor non-compliance
or sphincteric incompetence, either
singly or in some combination.

Of these, sphincteric incompetence
is the most difficult to treat.

e Secondary upper renal tract
complications occur only when
intravesical pressure becomes
raised as a result of detrusor
hyperreflexia and/or detrusor
non-compliance and never occur
when gross sphincteric
incompetence leads to a
permanently empty bladder.

Further reading
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sity Press, 2006: 631-642
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J Urol 1981; 126: 205-209
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Mundy AR, Stephenson TD, Wein AJ (eds). Urodynamics:
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Anorectal anomalies

Anorectal anomalies comprise a spectrum of congen-
ital malformations in which the anus fails to open
normally on to the perineum. At one end of this
spectrum are the minor anomalies in which the anal
canal is present but the anus is covered by perineal
skin (Figure 14.1). The severe forms of anomaly are
characterised by a high termination of the rectum
and the presence of a congenital fistula connecting
the rectum to the lower urinary tract (Figure 14.2a
and b). In females the most severe expression of the
anomaly is the cloacal malformation, in which the
rectum, urethra and vagina join to form a single
confluent channel draining by a common opening
on the perineum (Figure 14.3).

Incidence and aetiology

The incidence of anorectal malformations 1is
approximately 1 in 5000 live births, with a
slight male to female preponderance of 3 to 2.
The embryological defect resulting in congenital
cloacal anomalies can be ascribed to a failure of the
normal ‘compartmentalisation’ of the primitive
cloaca by the urorectal septum and Rathke’s folds.
At a more fundamental level, the aetiology of
anorectal anomalies, including persistent cloaca,

VACTERL and CHARGE associations
Ectopic/horseshoe kidney

Figure 14.1

Characteristic appearances of the
perineum in an infant with low anorectal anomaly.

remains poorly understood. Although the observed
association with genetically determined conditions
such as Down’s syndrome points to a genetic
component in some cases, it is most unlikely that
the complex spectrum of anorectal malformations
will prove to be the outcome of a simple gene
mutation, although knockouts of certain genes
including ephrin B and Sonic Hedgehog do lead to
anorectal anomalies in mice.

Classification

A simple classification system is given in Table 14.1.
Approximately two-thirds of girls have the low’
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Figure 14.2b
buttocks parted. High anorectal malformation with
absent anus. Note area of decreased pigmentation at
the site of where the anus should be. (b) Meconium
discharging from the urethral meatus of a male infant
with rectourethral fistula associated with high anorec-
tal anomaly. Note also the presence of hypospadias.

(a) Perineum of male infant with

Figure 14.3 Cloacal anomaly. Single perineal orifice
draining the urinary, genital and lower gastrointestinal
tracts in a female infant.

form of the anomaly, in which the anorectal canal
descends through the pelvic floor to terminate at
the level of the perineum. Although the anus may
end blindly, there is frequently a perineal fistula
between it and the vaginal vestibule. By contrast,
two-thirds of boys have a ‘high’ anomaly, with the
rectum ending above the levator musculature and
terminating via a rectourinary fistula. Conse-
quently, the functional outlook for boys is worse.
However, cloacal anomalies in girls represent an
exception to this general rule and for this reason
must be considered separately.

Table 14.1 Simple classification of anorectal
malformations
Male Female

Anorectal anomaly
without fistula
Perineal fistula
Rectourethral fistula
Rectovesical fistula

Anorectal anomaly

without fistula
Perineal fistula
Vestibular fistula
Cloaca
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Table 14.2 Other anomalies associated with
anorectal malformations

Anomaly Incidence (%)
Vertebral 25-40
Cardiac 20
Tetralogy of Fallot
ASD/VSD
Gastrointestinal 15
Tracheo-oesophageal fistula
Duodenal atresia
Hirschsprung’s disease
Genitourinary 60

Associated anomalies (Table 14.2)

Anorectal malformations are frequently associ-
ated with abnormalities in other systems, with
most published series reporting a 50-60% rate of
coexisting anomalies. Of these, the most common
is the VACTERL association (previously termed
the VATER syndrome), which comprises verte-
bral, anorectal, cardiac, tracheo-oesophageal, renal
and limb (typically radial) anomalies. Not all
components of the VACTERL association are
expressed in every patient, the most common
being vertebral, anorectal and renal abnormalities.
The anomalies of most relevance to urologists are
those affecting the genitourinary tract and spine.

Urinary tract anomalies

Coexisting anatomical anomalies of the upper and
lower urinary tract occur in approximately 60%
of patients with anorectal malformations. Of
these, the most common is vesicoureteric reflux
(Figure 14.4), which in some series has been
reported to be present in more than half the
patients studied. The pattern of urinary anomalies
identified is illustrated in Table 14.3. In addition to
structural anomalies, up to 6% of children develop
renal impairment, an incidence which increases to
nearly 50% of girls with cloacal anomalies. Conse-
quently, early detection of renal impairment is an
important aspect of management.

Figure 14.4 Coronal view of a distal loopagram.
Contrast shows bilateral vesicoureteric reflux (grade
IV on right).

Table 14.3 Pattern of structural anomalies of the
urinary tract in 45 children with anorectal
malformations treated at the Hospital for Sick
Children, Great Ormond Street

Urinary anomaly Patients (n = 45)

Vesicoureteric reflux 16
Hydronephrosis
Crossed fused ectopia
Dysplastic kidney
Bladder diverticulum
Renal agenesis
Horseshoe kidney
Megaureter
Prune-belly syndrome

_ A a aNDWwWwo

Genital anomalies

Abnormalities of the male external genitalia are

commonly present, including undescended testes
(20%), bifid scrotum (15%), hypospadias (18%)
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and (rarely) absence of the vas deferens. Anomalies
of the female genital tract are less readily apparent,
but vaginal and uterine duplications, as well as
vaginal septae, are well documented and may be
present in up to 30% of girls with anorectal
anomalies. Cloacal malformations are associated
with an even higher incidence of anomalies of the
internal genitalia. In addition, clitoral hypertrophy
has been reported.

Spinal anomalies

The incidence of vertebral anomalies in children
with anorectal malformations has been reported
to be as high as 40%. Many of these children
have associated intraspinal pathology, carrying a
risk of tethered cord syndrome and, in turn, urolog-
ical, neurological and orthopaedic complications.
Because early neurosurgical intervention may be
effective in averting progressive neurological deteri-
oration in some patients, it is important to identify
possible cord tethering at an early stage. Investiga-
tion of the spine should therefore be undertaken
routinely in all children with anorectal anomalies,
with more detailed investigation of the spinal cord
in those in whom a problem is identified.

Initial imaging should include both anteroposte-
rior and lateral radiological views of the sacrum to
identify sacral anomalies. The most commonly
identified lesions are partial and complete sacral
agenesis (Figure 14.5). If the sacrum is radiologi-
cally normal, intraspinal pathology is unlikely to be
present although it has been reported. Consequently,
most centres usually undertake further investiga-
tions. In infants under 4 months of age spinal
ultrasound has proved to be very sensitive in
identifying intraspinal anomalies, although it is less
accurate than magnetic resonance imaging (MRI)
for visualising the specific intraspinal pathology. In
one recently published series no spinal anomalies
were missed on ultrasound. It is therefore currently
recommended that neonates with anorectal
malformations should be investigated initially with
sacral radiographs and spinal ultrasound, with
MRI being reserved for those in whom neuro-
surgery is being considered.

y =

St

Figure 14.5 Plain radiograph demonstrating sacral
agenesis.

Lower urinary tract dysfunction

Bladder dysfunction may be the result of a congen-
ital neuropathy associated with a coexisting spinal
anomaly, or it may represent neurological damage
acquired during surgical repair of the anorectal
malformation. In one series, 25% of children with
anorectal anomalies were found to have severe
lower urinary tract dysfunction, which in every
instance was associated with a demonstrable sacral
abnormality. The majority of children with severe
bladder dysfunction were incontinent, and a third
had reflux nephropathy, highlighting the impor-
tance of investigating the lower urinary tract in
children whose anorectal anomaly is accompanied
by a sacral abnormality. In addition to those children
with bladder neuropathy associated with a congen-
ital spinal anomaly, a further 20% of children
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experienced deterioration of bladder function
following surgical repair of their anorectal malfor-
mation; in half of them this proved to be perma-
nent. In summary, up to 20% of patients with
anorectal malformations sufter from urinary incon-
tinence. Moreover, bladder dysfunction, when
present, can lead to renal damage in a third of
patients. Consequently, awareness and appropriate
investigation of these children is necessary to
minimise the risk of ongoing renal damage.

Urological investigation of
children with anorectal
anomalies

The radiological investigations of the spine and
urinary tract in children with anorectal malforma-
tions are summarised in (Figures 14.6 and 14.7).
Whether all children should also be routinely inves-
tigated by urodynamics is debatable, although, as
might be expected, there is a high incidence of
abnormal urodynamic findings in those with sacral
abnormalities. In addition, despite the use of a
midline posterior approach for surgical correction
of the anorectal anomaly, up to 10% of children
develop demonstrable and permanent bladder
dysfunction following surgery. Initial urodynamic
assessment and urodynamic follow-up are advis-
able for all children with sacral anomalies, and/or
signs of bladder dysfunction. Routine clinical
tollow-up should be continued (including renal
and bladder ultrasound) until urinary continence
has become established. The onset of new
symptoms or a change in the pattern of existing
symptoms, both of which might indicate the
onset of neurological deterioration, merits formal
urodynamic assessment.

Surgical management of
anorectal anomalies

A detailed account of the surgical management of
anorectal anomalies is beyond the scope of this
chapter. In general, these children undergo
colostomy shortly after birth, followed by formal
repair at approximately 3 months of age. The

Sacral radiographs
Spinal ultrasound

[

A A

Abnormality No abnormalities

If considering
neurosurgery

A
MRI

Figure 14.6 Diagnostic algorithm for the investiga-
tion of the spine in an infant with an anorectal
anomaly.

Ultrasound

MCUG

| ¢

No reflux
I
.
Reflux Abnormality No abnormalities
A
DMSA scan MAGS3 scan
Figure 14.7 Diagnostic algorithm for the investiga-

tion of the urinary tract in an infant with an anorectal
anomaly.

technique most widely employed is the posterior
sagittal anorectoplasty originally described and
popularised by Pena (Figure 14.8).

Urological complications
of surgery

Although the introduction of the midline poste-
rior sagittal approach has reduced the incidence
of neuropathic bladder, approximately 10% of
children develop new or increased bladder dysfunc-
tion following this procedure. Mobilisation and
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Rectum prior to
tailoring

Levator muscle

complex
Closure of
rectourethral
fistula

Site of

anoplasty

Figure 14.8 Posterior sagittal anorectoplasty. With
the patient prone, the rectum is approached via a
sagittal incision. The rectourethral fistula is divided
and the rectum tailored before being positioned
through the levator complex and external sphincter
and brought down onto the perineum.

division of the rectourethral fistula is an integral
step in the operation and, as such, may inevitably
cause some damage to the immediately adjacent
autonomic pelvic nerves. The urethra itself is also
at risk during this dissection. Urethral damage
occurred in 12% of patients during the older
abdominoperineal  operations for anorectal
anomalies, but this complication is much rarer
with posterior sagittal anorectoplasty. Injuries to
the vas deferens have also been reported. The
complexity of the surgery, and hence the risk of
complications, is greatest in children with severe
anorectal anomalies associated with the presence of
a fistula between the rectum and the urinary tract.

Cloacal anomalies

Cloacal anomalies account for approximately 10%
of anorectal malformations in girls. The cloacal
malformation is characterised by confluence of the
urethra, rectum and vagina to form a common
channel draining by a single opening on the
perineum (see Figure 14.3). Cloacal anomalies are
currently classified according to whether the
common channel is less or greater than 3 cm in
length, as measured on cystoscopy. In addition to
the renal anomalies seen with anorectal anomalies,
cloacal malformations are accompanied by a high
incidence of vaginal abnormalities. Septate vagina
and/or bicornuate uterus have been reported in
45% of cases, and up to 5% have an absent vagina.

The initial management of a child with a cloacal
anomaly requires not only diversion of the faecal
stream, usually by a colostomy, but also drainage of
the urinary tract and, where necessary, decompres-
sion of hydrocolpos. In some patients satisfactory
bladder drainage can be achieved by intermittent
catheterisation of the common channel, but it may
be necessary to place a suprapubic catheter. Rarely,
both vesicostomy and vaginostomy are required to
secure adequate infection-free drainage. However,
this approach is best avoided as it can complicate the
definitive repair. Cloacal malformations are now
mostly corrected using the posterior sagittal
approach, particularly in cases where the common
channel exceeds 3 cm in length. Where the common
channel is short (<3 cm) it may be feasible to use a
perineal approach to relocate all three orifices on to
the perineum by mobilisation of the urogenital sinus.

The functional results of surgery for these
children reflect the length of the common channel.
In the ‘low’ confluence anomalies, where the
common channel is less than 3 cm, 70% of children
will be continent of urine and 50% continent of
faeces. In contrast, only 30% of children with a
channel length greater than 3 cm will be continent
of urine and faeces. The sexual outcome is not well
documented, although some women are known to
be sexually active and there are reports of success-
tul pregnancy following cloacal repair.

Syndromes and associations
involving the urinary tract

Abnormalities of the genitourinary tract are often
seen in association with or as part of a clinical
syndrome. Two of the most important associa-
tions are:

e VACTERL association, which comprises verte-
bral, anorectal, cardiac, tracheal, oesophageal
(esophageal), renal and limb anomalies. Those
aspects of greatest relevance to the urologist
have already been considered above.

e CHARGE association, which consists of
coloboma of the eye, heart anomalies, choanal
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Table 14.4 Genitourinary malformations in the
CHARGE association

Incidence (%)

Genital anomalies 56
Hypospadias

Micropenis

Undescended testicle

Vaginal and uterine atresia

Urinary tract anomalies 42
Duplex kidney

Vesicoureteric reflux

Renal agenesis

Hydronephrosis

atresia, mental retardation, genital and ear
anomalies. In one series of 32 children with
CHARGE, the overall incidence of genitouri-
nary tract abnormalities was 69% (Table 14.4).

Abnormal migration
and fusion of the kidney

Ectopic kidney

Ectopic kidneys can be divided into simple, horse-
shoe and crossed renal ectopia.

Simple ectopic kidney

The ectopically sited kidney may be located
anywhere along the embryological path of ascent
from the pelvis to the renal fossa. Pelvic kidneys are
the most common of renal ectopias, accounting for
60% of all cases. In 90% the anomaly is unilateral
and with a slight left-sided preponderance. In
addition to its abnormal location, a pelvic kidney
is frequently hypoplastic and irregular in shape
(Figure 14.9). Other ectopic kidneys lie at some
point between the pelvis and the normal position
or, very rarely, within the thorax.

Genital and contralateral urinary abnormalities
are often associated with ectopic kidneys and

e

—

Figure 14.9
ectopic kidney — pelvic right kidney.

Intravenous urogram demonstrating

include absence of the vagina, retrocaval ureter,
bicornuate uterus, supernumerary kidney and ipsilat-
eral ectopic ureter. The ectopic kidney can be a
component of more complex syndromes, such as
the Mayer—Rokitansky—Kiister-Hauser syndrome,
Fanconi’s anaemia or conjoined twins.

Horseshoe kidney

Horseshoe kidneys are encountered in 1:400 and
1:1800 autopsies and the anomaly is more
common in males. In 95% of cases the lower
poles of the two kidneys are joined by an isthmus
of renal tissue which may consist of normal
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parenchyma or dysplastic or fibrous tissue. In about
40% of cases the isthmus lies at the level of 1.4, just
beneath the origin of the inferior mesenteric artery,
in 20% in the pelvis (Figure 14.10) and in the
remaining 40% at the level of the lower poles of
normally placed kidneys. A small proportion of
horseshoe kidneys are fused at their upper poles.
The ureters arch anteriorly to pass over the isthmus,
thus explaining the relatively high incidence of
pyeloureteric anomalies (20%) associated with
horseshoe kidney (Figure 14.11a and b). Horse-
shoe kidney is commonly found in association with
other abnormalities or syndromes, notably Turner’s
syndrome and abnormalities of the central nervous
system, the gastrointestinal tract and the skeletal
and cardiovascular systems.

Crossed renal ectopia

There are four varieties of crossed renal ectopia:

e with renal fusion (85% of cases)
e without fusion (<10%)

e solitary

e bilateral.

Figure 14.10
kidney.

Intravenous urogram — horseshoe

Figure 14.11 (a) Intravenous urogram demonstrat-
ing dilatation due to obstruction in the left side of a
horseshoe kidney. (b) DMSA scan in the same patient
demonstrating reduced isotope uptake in the central
part of the left kidney (dilated collecting system) and
functioning tissue outlining the isthmus connecting the
right and left kidneys.
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Figure 14.12
renal ectopia.

Intravenous urogram — crossed fused

There is a slight male predominance, and crossing
trom left to right occurs more frequently than from
right to left. The point of fusion is usually between
the upper pole of the crossed kidney and the lower
pole of the normally positioned kidney (unilateral
fused type) (Figure 14.12). Associated anomalies
are commonly found with renal ectopia. In
addition, renal ectopia may also be a component of
more complex syndromes, such as VACTERL and
agenesis of the corpus callosum.

Presentation and investigation
of abnormalities of ascent
and fusion

Abnormalities of ascent and fusion are most
commonly incidental findings, typically on prenatal
or postnatal ultrasound examinations. Conversely,

non-dilated pelvic ectopic kidneys may be difficult
to visualise on ultrasound, and absence of the
kidney in the renal fossa may be misinterpreted as
renal agenesis. In such cases the presence of ectopic
functioning renal tissue is best demonstrated by
DMSA  (dimercaptosuccinic acid) renography.
Crossed fused renal ectopia may sometimes present
clinically as an incidentally discovered mass during
the course of abdominal examination. The occur-
rence of pain or symptoms associated with urinary
infection generally denotes additional pathology,
such as vesicoureteric reflux or pelviureteric junction
obstruction. Investigation of an uncomplicated
ectopic or horseshoe kidney can reasonably be
limited to ultrasound and a DMSA scintigram.
Additional investigations are indicated if there is
hydronephrosis or a history of documented infection
raising the possibility of reflux. However, it is
important to stress that the majority of patients are
untroubled by their abnormally placed kidney, and
surgical intervention should be confined to correct-
ing coexisting pathology, obstruction or reflux.
When surgery is warranted it should be borne in
mind that the anatomy may be abnormal and that
the blood supply can have an aberrant course.

Key points

e Children with anorectal anomalies
have a high incidence of urinary tract
abnormalities and functional urinary
problems. In addition to urinary
incontinence, the bladder dysfunction
in children with anorectal
malformations poses a potential
threat of urinary tract infection,
renal damage and chronic
renal failure.

e Early recognition and effective
management of urological
problems in children with anorectal
malformations is essential to
minimise these risks.
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In view of the high incidence of
genitourinary tract anomalies in the
CHARGE association all affected
infants should be screened
appropriately, initially by urinary
tract ultrasound, and then with
additional modalities such as
renography where indicated.
Anomalies of ascent and fusion,
including pelvic kidney, horseshoe
kidney and crossed ectopia, are
mainly asymptomatic incidental
findings. Surgical intervention is
only required when there is
complicating pathology such an
obstruction or reflux.
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Introduction

This chapter covers one of the most challenging
conditions in paediatric urology. In addition to the
complex surgery needed to correct the severe bladder
abnormalities and genital deformities, there may be
secondary problems relating to renal function and
fertility. Because of the low incidence of bladder
exstrophy and related conditions (Table 15.1), very
few individual surgeons have had the opportunity to
acquire sizeable series of patients. Even those
working in major centres serving large populations
may see only one or two new patients cach year.
In the UK it was therefore decided to concentrate
bladder exstrophy surgery in two supraregional
centres, thus enabling a smaller number of paediatric
urologists to develop and maintain higher levels of
expertise than was possible when cases were distrib-
uted between more centres. Concentrating exstro-
phy management in two supraregional centres has
had the added benefit of facilitating the development
of new treatment strategies and new clinical and

Table 15.1

Cloacal exstrophy: management and outcomes
Primary epispadias: management and outcomes

laboratory research initiatives which will hopefully
contribute to improved outcomes for children born
with this complex of severe anomalies.

Embryology and anatomy

The three distinct anomalies which constitute the
exstrophy—epispadias complex are believed to
represent a spectrum of abnormalities arising from
failure of development of the lower abdominal
wall during the early weeks of gestation.

Bladder exstrophy

Failure of migration of mesoderm to the area of
the cloacal membrane, and subsequent lack of devel-
opment of an intermediate layer between its inner
(endodermal) and outer (ectodermal) layers, leads to
rupture and exposure of an open bladder plate and
urethra. These structures occupy a triangular space
between a low-set umbilicus superiorly; split rectus
abdominis muscles on each side and an open pelvic

Incidence and sex distribution of the exstrophy—epispadias complex

Incidence per live births

Male to female ratio

Bladder exstrophy 1:50 000 3:1
Primary epispadias 1:120000 5:1
Cloacal exstrophy 1:300 000 6:1
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ring inferiorly The penile root remains attached
to the inferior border of the inferior pubic rami on
cither side so that each hemicorpus has to traverse
the intervening gap (known as the pubic diastasis) to
unite with the contralateral corporeal body in the
midline. The result is a foreshortened penis in males.
The bladder plate is continuous with the urethral
plate, on which are sited the openings of the ejacula-
tory ducts at the level of the prostate (the verumon-
tanum). The exposed urethral plate covers the
dorsal surface of the corporeal bodies and glans
(Figure 15.1). The testes are usually descended.
Failure of development of the lower anterior abdom-
inal wall and pelvic ring also imparts a relatively
anterior position to the anus. In females the bladder
component is identical, the clitoral corpora are
separated and a short urethral plate runs between the
open bladder and the vagina (Figure 15.2).

Cloacal exstrophy

Cloacal exstrophy is a more severe variant in which
there is probably an additional failure of septation of
the cloaca, so that the bladder anteriorly is not
separated from the hindgut posteriorly. This has the
effect of bringing both bladder and bowel compo-
nents to the surface, with a central bowel field that lies
in the midline between two separated halves of the
bladder. There can be extensive prolapse of the proxi-
mal colon and ileum and one or two appendices may
be seen on the bowel field. A second opening inferi-
orly indicates a rudimentary loop of distal hindgut.
The anus is imperforate and the sacrum is shortened
with a high incidence of myelomeningocoele and
spinal dysraphism. The pubic diastasis in these patients
may be so great that the penile corpora fail to meet in
the midline and are completely separated. In addition,
the testes are often undescended and absent from the
scrotum or hemiscrotum. Superiorly there is usually
an associated exomphalos (Figure 15.3).

Primary epispadias

The embryological origins of epispadias are poorly
understood. In primary penile epispadias there is
variable diastasis that tends to be less severe than in
bladder exstrophy. The pelvic ring is often complete,

Abdominal wall muscle
Umbilical cord

Open bladder

Pubic bones =

Open penis

Anus

Figure 15.1 Newborn male infant with bladder

exstrophy.

Abdominal wall muscle
Umbilical cord
Open bladder

Pubic bones
Open urethra

Labia minora and
divided clitoris

Vagina

Figure 15.2 Newborn female infant with bladder
exstrophy.

Exomphalos
Two hemibladders—

Midline bowel field

Separated corpora

Figure 15.3 Newborn male infant with cloacal
exstrophy.

with an apparently normal abdominal wall. As a
result the anus is appropriately sited and the scrotum
also appears normal. The urethra opens on the
dorsal aspect of the penis. Depending on the sever-
ity of the epispadias, the urethra may open distally
on the glans (glanular epispadias), on the shaft
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(b)

Figure 15.4 Male primary epispadias: (a) glanular; (b) penile; and (c) penopubic.

(penile epispadias) or proximally at the junction
with the anterior abdominal wall (pubic or peno-
pubic epispadias) (Figure 15.4). Underlying deficien-
cies of the bladder neck and proximal urethra and
striated sphincter complex determine the degree of
associated incontinence. As a general rule, however,
the severity of incontinence correlates with the
position of the urethral opening, being most severe
in proximal epispadias. In these cases the posterior
urethra merges with the bladder neck and the
verumontanum may lie at the level of the bladder
neck or even within the bladder itself. The ureteric
orifices often lie close together and are normal or
narrowed in calibre, contrasting with the wide
refluxing orifices seen in exstrophy.

In female primary epispadias the urethra is wide
open on its dorsal surface and the clitoris is separ-
ated on cither side with its attached labium
minorum. The urethra is short and wide and the
bladder neck is deficient, leading to severe stress-
type incontinence in all patients (Figure 15.5).

Antenatal diagnosis

The detection rate of cases of bladder exstrophy by
antenatal ultrasound is currently around 40% at 18

weeks’ gestation. Diagnostic features include
inability to visualise urine in the fetal bladder; low-
set umbilical cord; a short, wide penis; and a
bulging bladder plate. Cloacal exstrophy may be
confused with other abdominal wall defects such
as gastroschisis, but is more likely to be detected
because of the presence of other abnormalities
such as myelomeningocoele and renal and cardiac
anomalies. Antenatal diagnosis provides an oppor-
tunity for parents to consider termination of
pregnancy, but counselling should take into account
the improving outcomes of intervention, particu-
larly in classic bladder exstrophy.

Classic bladder exstrophy

Presentation and clinical features

If not detected antenatally, classic bladder exstro-
phy presents at birth with a visible bladder plate
below a low-set umbilical cord. The mucosa may
become quite inflamed and polypoid, especially
after a few hours’ exposure following delivery. The
shaft of the penis is usually short and thick with a
good-sized glans. Although the genitalia are usually
recognisably male or female, there may be some
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Figure 15.5 Female primary epispadias.

confusion over gender in the referring hospital.
The scrotum is present in boys with the distinctive
upwards direction of the rugae and the testes are
usually palpable within it.

Classic bladder exstrophy has few associated
anomalies and babies are usually born at or close
to term and are otherwise well. Inguinal hernias
are present in up to 80% of boys and 15% of girls
but may not become apparent until after primary
closure.

Initial neonatal management and
primary closure

Because affected newborns are born at term and
rarely have other medical problems, they can be
put to the breast and require no medical interven-
tion in the delivery suite. Vitamin K should be
administered, particularly if surgery is anticipated
in the next few hours. While transfer to an appro-
priate specialist centre is arranged, the exposed
bladder plate is protected with a cling-film wrap
inside the nappy. Antibiotics or intravenous access
are not required at this stage unless indicated
by the presence of other complications such as
prematurity. If necessary, transfer can be delayed
for a few hours to enable both parents to accom-
pany the baby.

R
i = 2 '5
e,

————y

Following transfer, the child is assessed at the
specialist centre, a baseline renal ultrasound is
performed and oral antifungal prophylaxis is
commenced as a prelude to surgery in the first 48
hours of life

Surgical technique (Figure 15.6)

An epidural catheter provides optimal postopera-
tive analgesia, broad-spectrum antibiotics are
administered and the abdomen and lower limbs are
prepared and draped within the operative field.
Ureteric catheters (usually 6 Fr feeding tubes) are
inserted and the bladder plate is dissected free of
the skin and rectus muscles on either side. Any
large polyps are usually excised at this time and the
mucosal defects repaired. In boys, exposure of the
external inguinal ring enables the hernial sacs to be
identified and ligated. The umbilical root is usually
excised after dividing its vessels, as this is a source
of infection postoperatively. It is usually possible to
perform this dissection extraperitoneally and it is
then continued inferiorly to the level of the
verumontanum on either side of the proximal
urethral plate. In girls, the dissection is continued
to just above the vaginal opening. Deep dissection
on ecither side of the bladder neck enables the
bladder and proximal urethra to be closed in the
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Figure 15.6
of bladder with ureteric catheters. (d) Appearance after abdominal wall closure with plaster cast.

midline with interrupted 4/0 absorbable sutures.
The ureteric catheters are brought out through
the bladder closure and then through separate
punctures lateral to the rectus muscles and away
from the midline muscle and skin closure. A
fine silicone stent is used across the urethral
opening and secured to the bladder plate with a
fine absorbable suture. Unless the diastasis is wide,
pressure on the iliac crests will bring the pubic
rami together in front of the bladder neck, which
drops back into the pelvis. Interrupted horizontal
mattress sutures of heavy-gauge PDS (polydiox-
anone) are used to approximate the pubic rami and
further interrupted sutures used to join the rectus
muscles above it. The subcutaneous layers and skin
are closed with interrupted absorbable sutures.

(a) Primary closure of a newborn male exstrophy. (b) Separation of the bladder plate. (c) Closure

Finally, a frog-leg plaster is applied to the lower
limbs to immobilise them in the first few days.
Postoperatively; all tubes are left on free drainage
and adequate analgesia maintained with the
epidural catheter. Feeding is recommenced early,
with expressed breast milk if necessary, and
prophylactic antifungal agents are continued. The
ureteric catheters are removed after 10 days and
the urethral stent after 2—-3 weeks, at which time
the plaster cast is also removed. Ultrasound evalu-
ation of the upper urinary tract is performed after
all catheters have been removed to assess bladder
emptying and the upper tracts before discharge.
Regular follow-up with ultrasound is scheduled to
evaluate progress and to help plan later interven-
tions for continence and genital reconstruction.
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Complications are relatively common after
major reconstructive surgery of this nature, and
may include wound breakdown and partial or
complete dehiscence, which occurs in up to 10%
of patients. Factors contributing to this dehis-
cence include pooling of urine at the new urinary
meatus, the use of stents emerging through the
midline closure and retention of the umbilical
stump. All of these factors predispose to wound
infection, which, in combination with tension
(and ischaemia), leads to dehiscence. Partial
dehiscence which does not expose the bladder
may be left to heal by secondary intention. A
more serious dehiscence comprising either exposure
of the bladder plate or prolapse of the bladder will
require reclosure, for which pelvic osteotomies
may be indicated.

The wureters in classic bladder exstrophy dip
into the pelvis and enter the bladder through
wide orifices without the normal antireflux
oblique tunnel. It is not surprising, therefore that
vesicoureteric reflux is almost invariably present
after primary bladder closure. Moreover, a tight
urethral closure causing outflow obstruction can
lead to upper tract dilatation and renal damage if
infection supervenes. Close surveillance is required
to identify upper tract dilatation and a period of
intermittent catheterisation of the tight bladder
outlet is sometimes required.

The role of pelvic osteotomy

The pelvis in newborn exstrophy patients is suffi-
ciently flexible to allow closure of the bladder
without osteotomy in the majority of cases. But
where the pubic diastasis is wide or when closure
is delayed, division of the bony pelvis between the
anterior superior iliac spine and the greater sciatic
notch creates great pelvic mobility and allows a
tension-free closure of the pubis. When used
routinely, osteotomy extends the operating time by
up to 2 hours, increases blood loss and prolongs
postoperative immobility. Nowadays it is therefore
reserved for revision cases and cloacal exstrophy.
Postoperative fixation of the bony pelvis is achieved
with frog-leg plasters in babies and external
fixators in older children.

Secondary procedures for
continence and genital
reconstruction

In girls, primary closure can occasionally be suffi-
cient to impart continence and create a satisfactory
cosmetic appearance. In the overwhelming major-
ity of exstrophy patients, however, further proce-
dures will be required to achieve continence and
for the reconstruction of functionally and cosmet-
ically acceptable genitalia. Until further conti-
nence procedures are performed, the inadequate
outlet resistance results in dribbling incontinence.
Although urinary tract infections are uncommon,
some surgeons place patients on prophylactic
antibiotics.

Continence surgery

There are currently three accepted strategies in
bladder exstrophy management. The first
approach, popularised by Mitchell, aims to create
continence by complete anatomical reconstruction
carried out at the time of initial bladder closure.
The bladder plate is fully mobilised and the penile
corpora and urethral plate completely separated
before closure of the bladder and reconstruction
of the urethra and penis. Although good results
have been reported by the proponents of this
complex single-stage reconstruction, it neverthe-
less represents a daunting surgical challenge in a
newborn infant and major complications have
been reported.

The more traditional staged reconstruction,
popularised by Jeffs and Gearhart, has been the
standard approach for many years. Following con-
ventional bladder closure at birth, epispadias repair
is subsequently performed in the first 2 years of
life. This is then followed by a bladder neck recon-
struction when the required bladder capacity has
been attained, usually by 5 years of age. If inconti-
nence persists because bladder capacity fails to
increase sufficiently after the bladder neck repair, a
turther bladder neck reconstruction may be under-
taken in conjunction with augmentation entero-
cystoplasty and the formation of a Mitrofanoff
catheterisable conduit.
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The third option is the Kelly operation, which is
now the procedure of choice at Great Ormond
Street Children’s Hospital. After successful neona-
tal closure of the bladder, an examination under
anaesthetic is performed at 3 months to check the
bladder and its outlet. Irrespective of bladder size,
the operation is performed from 6 months of age.
Initially, the bladder is reopened in the midline
and both ureters reimplanted using the Cohen
technique. The soft tissues, including the urethra,
penile corpora and pelvic floor, are then fully
mobilised before reconstructing the bladder outlet,
urethra, sphincter and penis.

Figure 15.7 (a) The Kelly
operation. (I) From the right of the
patient, the penile corpora and
urethral plate are dissected and
the bladder is held to the left, the
base of the corpus is separated
from the pubis and moves
medially, the pelvic floor has
been released and the pudendal
pedicle is seen (arrowed).
(I) From below the penis, the
urethra has now been detached,
tubularised and brought between
the mobile corpora; muscle is
being wrapped around it. (b)
Kelly operation: postoperative
appearances.

Detachment of the penile corpora from the
lower border of the inferior pubic rami must be
combined with release of the pudendal pedicle
which runs from the greater sciatic notch to the
base of the penis in Alcock’s canal and lies on the
internal obturator fascia, beneath the pelvic floor
muscles. Following this manoeuvre, the base of the
penis can move freely towards the midline and lie
next to the contralateral corpus. This eliminates
the effect of the pubic diastasis and increases penile
protrusion and apparent length (Figure 15.7a).

Dissection of the urethral plate from the corpora
and the glans enables it to be tubularised around
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an 8Fr stent. The level of the bladder neck is
defined between the verumontanum and the
ureteric orifices and mucosal triangles removed on
cither side, before closing it and then the bladder
above. In the majority of boys the length of the
urethral plate is inadequate and would limit the
final penile length. For this reason the urethral
plate is separated form the corpora, allowing it to
be brought down between the penile corpora to a
hypospadiac position. At this point, it lies anterior
to the muscles running between the bases of the
corpora, which are loosened by the corporal
mobility. These can then be wrapped around the
urethra with loose sutures, in a position that will
be just below the verumontanum and where the
physiological sphincter is sited in normal males.

The corporeal bodies are joined in the midline
with external rotation to eliminate the dorsal
chordee and to secure the position of the urethra
below them. The new urinary meatus is secured on
the ventral surface and the dorsal glans is recon-
structed before replacing the shaft skin. The
abdominal wall is reclosed with strong absorbable
sutures and at this stage an umbilicoplasty is
usually performed. A two-stage distal urethral
reconstruction (analogous to hypospadias repair),
using posterior auricular skin grafts, is completed
during the next year. In the author’s practice the
Kelly operation undoubtedly offers a superior
cosmetic result to the conventional staged repair
(Figure 15.7b).

The Kelly procedure can also be performed in
girls. The two components of the bifid clitoris are
mobilised, with the labia minora left attached and
their pudendal pedicles are also identified and
preserved. Reconstruction of the bladder neck
and urethra is undertaken in a similar fashion to
males. The mobility of the hemiclitori enables them
to be brought together in the midline. No further
procedures will be needed in girls, as genital recon-
struction is completed in a single stage.

Continence outcomes

The published continence rates following surgical
reconstruction of bladder exstrophy have generated

Table 15.2 Grading system for continence

Grade

0 Dribbles urine all the time
with no control

Description

| Able to retain urine with
a ‘dry interval’; some control
but still wearing protection

Il Sufficient dry intervals by
day; in underwear and not
needing protection; wet at
night

1l Dry by day and night;
no protection or accidents;
‘normal child’

considerable confusion, and some controversy.
Although continence rates as high as 70% have
been reported by some centres, very few surgeons
have been able to match them and there is a percep-
tion that selection according to bladder capacity
and other factors may have played a role in some
reported results. In practice, fewer than 25% of
boys are likely to achieve both continence and
voiding without the need of catheterisation follow-
ing a traditional staged reconstruction.

In the assessment and reporting of functional
outcomes it would be helpful if a standardised
definition of what constitutes ‘continence’ could be
agreed and applied equally to all patients and treat-
ment modalities. Only in this way can meaningful
comparisons be made. The author has proposed
the simple grading system shown in Table 15.2 for
continence.

Using this schema, the author has assessed the
outcome of 50 patients who have undergone the
Kelly procedure. Of those patients followed for
over 2 years, the majority (92%) have a significant
dry interval during the daytime. However, some of
these patients still need to wear pads because of
incontinence related to reduced bladder capacity.
Nevertheless, 71% of children are in normal under-
wear and are dry by day. Night-time continence
requires a larger bladder capacity and, for this
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reason, only 25% of children are currently dry at
night. Experience has shown that the Kelly proce-
dure provides a relatively predictable degree of
outflow resistance and that the subsequent degree
of continence depends upon the potential of the
bladder to enlarge in response to the increased
outtlow resistance.

Persisting incontinence is due either to inade-
quate outflow resistance and/or inadequate bladder
capacity. Further surgery is usually required,
although if residual incontinence is mild some
degree of further improvement can be expected
with increasing age, particularly around puberty.
For more severe persisting incontinence a repeat
bladder neck reconstruction is performed in
combination with ileocystoplasty and the forma-
tion of a Mitrofanoff catheterisable conduit.
Ideally this should be timed to provide continence
by the age of 6 years. If wetting persists despite
this form of reconstruction, urodynamics are
indicated and, depending on the findings, cysto-
scopic injection of a bulking agent such as Deflux
(dextranomer/hyaluronic acid copolymer) into the
region of the bladder outlet may sometimes
improve continence. When incontinence persists
despite all these measures, there may be no option
other than to proceed to surgical closure of the
bladder neck.

Late outcomes

Woodhouse has documented the late outcomes of
sizeable numbers of patients born with bladder
exstrophy. Although these results may reflect the
results of outdated surgical approaches, such as
ureterosigmoidostomy, the findings highlight the
importance of careful long-term follow-up for all
patients. Renal damage can be demonstrated in
25% of patients, due to a combination of lower tract
obstruction, vesicoureteric reflux and urinary infec-
tion. Evidence of renal insufficiency is present in up
to 10% of patients. For those patients who have
achieved continence following a tight bladder neck
procedure in childhood, there is a risk of decompen-
sation and detrusor failure in the late teens. When
this occurs, intermittent catheterisation via urethra

or a cystoplasty with a Mitrofanoft conduit is neces-
sary. Stone formation is relatively common and
occurs in up to 25% of patients. The risk of malig-
nancy in the reconstructed exstrophy bladder has
been estimated to be in the region of 4% at
30 years follow-up.

Males experience normal libido and 90% of
patients can achieve erections, although some
require corrective surgery for severe persistent
chordee to allow penetration. The majority can
experience orgasm but have slow or retrograde
ejaculation, reflecting the abnormalities of proxi-
mal urethral anatomy. Fertility is significantly
reduced, probably as a result of disruption of the
gjaculatory ducts during bladder neck surgery.
Fertility may also be affected by episodes of
epididymo-orchitis which occur in up to one-third
of men. The potential to achieve paternity by
normal means is as low as 5%.

For females the prospects for fertility are normal
but surgery to the introitus may be required to
facilitate intercourse. Pregnancy is often compli-
cated by vaginal prolapse although, in future, this
may prove to be less problematic after modern
surgical procedures. Delivery by Caesarean section
is reccommended and it is prudent to have a urolo-
gist in attendance for patients who have previously
undergone bladder augmentation.

Unfortunately some patients are still encoun-
tered who have experienced multiple failed opera-
tions for bladder exstrophy, perhaps with loss of
penile corpora and compromise of their renal
function. In these situations major and complex
revisional surgery is required.

Cloacal exstrophy

Initial presentation and
management

Cloacal exstrophy is more often diagnosed prena-
tally than bladder exstrophy because of the associ-
ated anomalies, which are listed in Table 15.3.
Affected babies are frequently born prematurely
and initially the cloacal exstrophy may be only one
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Table 15.3 Associated anomalies in cloacal
exstrophy

Anomaly Cases affected (%)

Renal anomalies
Ectopic kidney, 7
agenesis, hydronephrosis

Sacral agenesis 60

Spinal dysraphism
Myelomeningocoele, 50
lipoma, tethered cord

Orthopaedic deformity
Club foot, hip and 40
pelvic deformity

Small bowel defects
Malrotation, duodenal 65
atresia, short gut

Cyanotic heart disease <10

of many problems. It is usual to delay primary
closure while other medical problems affecting the
gastrointestinal tract and cardiorespiratory systems
are evaluated and treated if necessary. Occasionally,
surgical reconstruction may have to be delayed for
several months. During this time the exstrophied
bladder/bowel plate is protected with cling film
and barrier creams applied to the surrounding
skin. In the case of very low birth weight babies,
enteral feeding is established, a target weight of
2.5-3 kg is set and closure deferred until this has
been attained. When an exomphalos is present, this
usually contracts spontancously without the need
for surgical intervention.

Routine  preoperative  evaluation includes
urinary tract and spinal cord ultrasound examina-
tions. Iliac osteotomies are routinely performed at
the time of closure because of the surgical delay
and because of the wider diastasis invariably present
in these patients. The use of osteotomies usually
permits a tension-free abdominal wall closure but
when it is not possible to reduce the abdominal
contents and close the abdominal wall, a silo is
attached over the upper abdomen to reduce
tension. This is then reduced and removed over the

ensuing days. The bladder/bowel plate is dissected
free from the skin and rectus muscles superolater-
ally and the abdominal cavity is entered. The proxi-
mal and distal bowel loops of bowel joining
the midline bowel plate are identified and
separated from the two hemibladders. A tubularised
distal hindgut tube is created which is usually
brought out in the left iliac fossa as an end
colostomy (in preference to an incontinent anal
canal). The hemibladders are joined and closed,
reconstructing a bladder outlet and proximal
urethra (Figure 15.8).

Gender of rearing

In the past, males with cloacal exstrophy were
often assigned to female gender because of the
severity of their genital anomaly and difficulty in
reconstructing male genitalia in the presence of
wide diastasis and short, widely separated corpora.
Gender reassignment also necessitated early bilat-
eral orchidectomy and a later ileovaginoplasty,
usually at the time of definitive continent recon-
struction. With the introduction of the Kelly
operation, however, it is now possible to perform
full corporeal mobilisation and achieve a more
satisfactory penile reconstruction. It is hoped that
this will avoid the need for gender reassignment in
the majority of cases.

Initial outcomes

Prematurity and severe cardiac anomalies are a
significant threat to early survival, together with
complications of a short bowel and parenteral
nutrition. Nonetheless, the majority of affected
newborns now survive to childhood. Careful surveil-
lance of the upper urinary tracts helps to optimise
renal function and prevent progression to renal
failure. Magnetic resonance imaging (MRI) is
used by neurosurgeons to assess the need for cord
surgery and orthopaedic surgeons are involved
to correct any limb problems. Colostomy compli-
cations occur in around 50% of patients and
it is occasionally necessary to remove the
reconstructed hindgut and create an ileostomy in
its place.
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Continence and long-term
outcomes

The dual insult of exstrophy and neuropathy
means all of these patients will need an entero-
cystoplasty to achieve continence and to ensure
storage of urine at safe pressures. Augmentation of
the bladder may be a challenge when there is only
a short length of small bowel. In addition, the
absence of a usable appendix requires the use of
some alternative to create a catheterisable conduit.
However, most patients can be successtully
managed by a combination of ileocystoplasty and
the formation of a Monti or small bowel catheter-
isable conduit. If there is insufficient small intes-
tine, the alternatives for augmentation include
a patch of stomach or a hindgut segment. The
more complicated forms of reconstruction carry a
greater risk of failure and any coexisting renal
insufficiency will increase it further and add to
overall morbidity.

Despite advances in reconstructive surgery some
patients with severe forms of this anomaly may be
left with lifelong urinary incontinence.

Patients who have been reared as males and
who survive to adulthood are then confronted
with serious issues regarding their sexual function.
Moreover, the combination of small penile
size and surgical damage to vasa deferentia and

Figure 15.8 Male cloacal
exstrophy, closed at 3 months.
Osteotomies  enable  the
bladder plates and hemiphalli
to be brought together in the
midline. In addition, there has
been an end colostomy and
umbilicoplasty.

¢jaculatory mechanisms result in very high rates
of infertility.

Males who have undergone gender reassignment
do not appear to experience gender dysphoria,
providing their testes have been removed in early
childhood. For these patients the surgical consider-
ations relate mainly to vaginal reconstruction.

Primary epispadias

Presentation

Boys with primary epispadias are rarely identified
prenatally but the anomaly is almost invariably
detected at birth. In less severe (glanular) forms of
the anomaly the prepuce is intact and the condition
may not become apparent until the prepuce
becomes retractile.

In girls, by contrast, the diagnosis may be consid-
erably delayed, particularly as most paediatricians
have not seen this rare anomaly and miss it at the
postnatal check. The anomaly classically presents in
childhood with a failure of potty training or a
history of dribbling or stress incontinence. In some
cases there is a long history of attendance at wetting
clinics. To an experienced examiner or someone
who has knowledge of this rare anomaly the appear-
ances of the genitalia are diagnostic see Figure 15.5.
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Management
Males

The Cantwell-Ransley epispadias repair is favoured
by many surgeons and can be performed in the first
year of life. In this procedure the urethral plate is
fully mobilised oft the penile corpora from the
proximal urinary outlet and corporeal bodies but is
left attached to the glans. The urethral plate is then
tubularised and brought to a ventral position,
below the corpora cavernosa, which are then
approximated dorsal to the urethra. Rotation of the
corpora eliminates the dorsal curvature of the penis
and a distal Heineke-Mikulicz procedure in the
glans with dorsal glans reconstruction brings the
meatus into a more ventral position.

This operation is best suited to patients with
good penile length in whom it is usually successful
in creating a terminal urethral orifice and good
cosmesis of the glans. Where the penis is smaller,
however, the outcome may be a short phallus with
a rather buried appearance. In these patients a more
radical penile mobilisation such as that provided by
the Kelly operation enables length to be enhanced,
particularly if there is a pubic diastasis.

Epispadias is commonly associated with incon-
tinence and on cystoscopy there is demonstrable
weakness of the bladder outlet with the verumon-
tanum lying close to the bladder neck or even
within the bladder.

Although it is not possible to reliably assess conti-
nence in infants who are still in nappies, some
indication is provided by the penile anatomy (sever-
ity of epispadias) and the cystoscopic findings.
Patients with distal anomalies and good penile size,
whose verumontanum is below the bladder neck
and who appear to void without dribbling, are best
managed by the Cantwell-Ransley repair. For those
with a more severe form of the anomaly, the Kelly
procedure is more appropriate and is analogous to
technique employed in bladder exstrophy.

Outcome

The long-term outcome for sexual function is
usually good, and normal fertility is retained unless

there have been urethral complications or
epididymo-orchitis. However, ejaculation may be
slow or even retrograde. Patients who have only
undergone penile reconstruction (the majority) will
require additional bladder neck/sphincter surgery if
their continence is impaired. Injection of a bulking
agent into the bladder neck may improve short-
term continence but its effect is not long-lived. The
surgical options include a bladder neck repair or
artificial urinary sphincter. In practice, it is difficult
to reproduce a physiological bladder neck and
sphincter mechanism and for some patients it may
be necessary to progress to bladder augmentation
and a Mitrofanoft’ conduit. Although the Kelly
operation offers enhanced penile length, it remains
to be seen whether the more aggressive approach to
sphincteric  reconstruction will translate into
improved continence in due course.

Girls

Since the majority of girls with epispadias are incon-
tinent, reconstructive surgery must be directed to
correction of the incontinence as well as the genital
abnormality. Good results have been reported for
distal urethral reconstruction, but more proximal
bladder neck surgery may also be required. The
Kelly procedure offers good prospects of continence
coupled with an improved external cosmetic appear-
ance. There should be few implications for sexual
function or fertility, although delivery should be by

elective Caesarean section.

Key points

e The exstrophy—epispadias complex
encompasses a group of rare
anomalies which occur more
commonly in males.

e Cloacal exstrophy is now usually
detected antenatally, as are
approximately 40% of cases of bladder
exstrophy. Epispadias, however, is
almost invariably diagnosed at birth.
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Most infants with uncomplicated or
classic bladder exstrophy are
otherwise healthy, and surgical
correction can be undertaken safely
within the first few days of life. The
cosmetic and functional results
obtained with the one-stage Kelly
operation may prove to be superior
to those achieved with conventional
staged repair.

Late morbidity is common in exstrophy
patients and may include incontinence,
sexual dysfunction and renal
impairment. It is hoped that newer
techniques will offer better long-term
results.

Cloacal exstrophy is often associated
with prematurity or other medical
problems which take priority over
early surgical correction.
Reconstruction presents a
formidable challenge. Although it is
usually possible to create a urinary
reservoir, most patients are left

with a permanent colostomy. It
may be necessary to consider
gender reassignment in severely
affected males.

e Primary epispadias is commonly
associated with incontinence due to
deficiency of the bladder neck and
sphincter complex.
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Introduction

Hypospadias is an association of three anatomical
anomalies:

e an abnormal ventral opening of the urethral
meatus

e ventral curvature (chordee) of the penis

e a hooded foreskin, which is deficient ventrally.

However, not all three of these features are present
in every case.

Hypospadias is better defined as a hypoplasia of
the tissues forming the ventral aspect of the penis
beyond the division of the corpus spongiosum.
It is characterised by a ventral triangular defect
whose apex is the division of the corpus spongio-
sum; the sides are represented by the two pillars of
atretic spongiosum and the base is the glans.

History

In the second century Galen described the problem
of infertility associated with a proximal meatus
and penile chordee, and was the first to use
the term hypospadias. The modern treatment of
hypospadias dates from the second half of the 19th
century, when the techniques in current use were

Two-staged repair

Urethral repositioning

Pedicle- and meatal-based flaps
Outcome and complications

first described. For example, Thiersch and Duplay
described tubularisation of the urethral plate,
whereas Duplay also described a technique very
similar to the meatal advancement and glanulo-
plasty later popularised by Duckett in the 1970s.
In 1860, Poisson reported a meatal-based flip-flap
repair which was later popularised with great
success by Mathieu. Although techniques for the
correction of hypospadias have continued to
evolve, these advances have been largely built on
the foundations laid by the pioneers of hypospa-
dias surgery in the late 19th century.

Aetiology and incidence

The incidence of hypospadias is generally quoted
at 1 in 300 live male births (0.33%). However,
data from different countries show considerable
variation, with reported incidences ranging from
0.2% in Sweden to 0.7% in the Netherlands.
There has been a growing perception that hypospa-
dias is becoming more common and, while this
may be explained in part by better reporting of
minor forms, evidence is mounting to a genuine
increase in the underlying incidence. The apparent
increase 1n the incidence of hypospadias, coupled
with the increasing incidence of testicular cancer
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and declining semen quality, have been cited as
examples of the possible impact of oestrogenic
environmental pollutants (‘endocrine disruptors’)
on normal virilisation of the male fetus. In addition,
endocrinopathy, low birth weight and higher
maternal age (possibly mediated by placental
insufficiency) have been identified by some studies
as possible aetiological factors. Hypospadias is
more common in monozygotic twins and in the
offspring of fathers who have hypospadias, indicat-
ing that there may be a polygenic inheritance. The
concept of a genetic component has been strength-
ened by the finding of hypospadias associated with
specific gene (Ins [3) knockout mice. The overall
incidence of hypospadias in first-degree male
relatives of affected boys is 7-10%, rising to
10-20% in brothers of boys with severe forms of
the condition.

Intersex and associated
anomalies

Severe forms of hypospadias can present with
similar appearances to disorders of sex develop-
ment (DSD), especially when severe hypospadias
is associated with undescended testicles and a
prostatic utricle. In some series up to 50% of
patients with both hypospadias and cryptorchidism
have been found to have an underlying genetic,
gonadal or phenotypic sexual abnormality. It is
essential that patients with hypospadias and
undescended testicles are fully investigated so that
DSD can be excluded. With the exception of an
increased overall incidence of undescended testis,
other anomalies in patients with isolated hypospa-
dias are rare. Abnormalities of the urinary tract
are unusual, occurring in approximately 2% of
patients; consequently, routine ultrasound of these
children is unnecessary. The overall incidence of
undescended testis is in the range 5-10%, rising to
50% in those with the severe perineal or penoscro-
tal forms. These severe forms are also associated
with a persistent prostatic utricle in 20% of cases,

which on occasions can make urethral catheterisa-
tion of the bladder difficult. But since it is rarely
necessary to remove the utricle, routine cystogra-
phy or cystoscopy to identify a utricle is not
required unless the child is symptomatic.

Classification

Although many classifications have been described
based on the position of the ectopic urethral
meatus (Figure 16.1), the level of division of the
corpus spongiosum may provide a more accurate
means of distinguishing anterior hypospadias
with little or no chordee from posterior
hypospadias with chordee and hypoplasia of the
tissues forming the ventral aspect of the penis
(Figure 16.2).

‘ Glanular

‘ Coronal
& Distal
= Mid shaft
. L\ Proximal
®

Perineal

Figure 16.1 Standard classification of hypospadias.
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Figure 16.2 Deceptively severe case illustrating the
potential pitfalls of classification based on the position
of the urethral meatus. The urethra terminates with an
opening on the glans but the entire urethra is ‘paper
thin’, and this case is, in effect, a proximal form of
hypospadias with chordee.

The authors’ classification therefore recognises
three main types of hypospadias:

1. Hypospadias with a distal division of the
corpus spongiosum with little or no chordee.

2. Hypospadias with a proximal division of the
corpus spongiosum with a marked degree of
hypoplasia of the ventral tissue and a signifi-
cant degree of chordee.

3. Datients with hypospadias despite multiple previ-
ous operations (previously termed ‘hypospadias

cripples’).

Specific surgical principles

Although more than 300 different techniques have
been described for the repair of hypospadias, the last
decade has seen the emergence of a growing consen-
sus amongst specialist hypospadias surgeons. For the
majority of patients this comprises either tubularisa-
tion of the urethral plate or a two-stage repair usually
involving a free flap. This chapter will concentrate on
these two techniques, but other methods which are
still in current use will also be described.

Regardless of the particular type of repair, there
are three specific components to the surgical
correction of hypospadias:

e correction of the penile chordee

e reconstruction of the urethra (urethroplasty)

e skin coverage of the penis aimed at achieving
a normal cosmetic appearance.

Correction of penile chordee

Penile chordee can result from a number of factors,
including abnormal tethering of the penile shaft
skin on to the underlying structures, tethering of
the urethral plate to the corpora cavernosa, or
atretic corpora spongiosum tissue extending from
the abnormal meatus to the glans. Finally, chordee
may be due to an intrinsic flexion deformity of the
corpora cavernosa (Figure 16.3). Correction of
penile chordee can involve a number of steps,
which should be addressed in the following order:

1. Degloving the penis by fully mobilizing the
overlying skin. In the majority of patients
(80%), this is all that is required to correct the
chordee.

2. Excision of the atretic and fibrous corpora
spongiosum proximally and distally to the
abnormal meatus.

3. Dissection of the urethral plate, which is
carefully elevated oft the corpora cavernosa.
(Not all surgeons perform this step, opting
instead to go straight to a dorsal plication.)
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Fibrous
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Figure 16.3 Causes of penile curvature associated
with hypospadias.

In some patients ventral curvature of the penis
persists despite these steps, in which case it is
necessary to plicate the dorsal aspect of the tunica
albuginea (Nesbit procedure; Figure 16.4). The
correction of penile chordee is controversial, with
some surgeons preferring to plicate the tunica
albuginea if chordee persists once the penis has
been degloved. We prefer to avoid plication, as the
long-term results are unknown and the manoeuvre
may affect penile growth, leading to secondary
deformities. When correction of the penile chordee
is completed and confirmed with an artificial saline
erection test, it is necessary to reconstruct the
urethra.

Urethroplasty

Reconstruction of the urethra can be performed in
a single stage or in a two-stage procedure. Most
surgeons now opt for a single-stage repair whenever
this is possible. As a general rule, a single-stage
repair is appropriate for distal, mid shaft and proxi-
mal hypospadias without significant chordee.
A two-stage repair is generally reserved for perineal
hypospadias with chordee and for ‘hypospadias
cripples’. The majority of surgeons now perform

Figure 16.4 Correction of intrinsic chordee by plica-
tion on the dorsal aspect of the corpora, following
mobilisation of the overlying neurovascular bundles
(as described by Baskin).

tubularisation of the urethral plate as their preferred
one-stage method.

Tubularising the urethral
plate (Figure 16.5)

Currently the most widely used single-stage repair
is a Duplay-type tubularisation incorporating a
vertical incision in the urethral plate, as described
by Snodgrass. This modification allows the urethral
plate to be tubularised without tension. In
addition, it is has been asserted that epithelialisa-
tion of the urethral plate incision may contribute
to the circumference of the neourethra.

In this procedure the urethral plate is marked
and then incised (Figure 16.5a); its width is then
assessed. The urethral plate is incised and then
rolled into a tube once any chordee has been
corrected (Figures 16.5b). Some surgeons also
favour a modification in which a free graft of
preputial skin is inlaid into an incision in the
urethral plate to reduce the risk of contraction and
stenosis of the neourethra (Figures 16.5b,¢). If the
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Figure 16.5 Key steps in the tubularised incised plate (Snodgrass) repair (see text for explanation).

urethral plate is wide and sufticiently supple to be
tubularised over an 8 Fr catheter, it can be rolled
into a tube without the need for a urethral plate
incision (Duplay procedure) (Figure 16.5d).
Once the neourethra is formed, a vascularised

de-epithelialised pedicle of tissue is placed over
the anastomosis to reduce fistula formation
(Figure 16.5¢). The glanuloplasty is performed by
reapproximating the glans wings in two layers. The
skin is then reconfigured, ensuring that there is
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adequate coverage on the ventral surface so that
penile chordee does not recur (Figure 16.5f). A
dripping stent or urethral catheter is usually left
draining for 7 days.

Two-stage repair
(Figures 16.6 and 16.7)

The first stage of the operation involves correcting
the chordee as described above (Figure 16.7a,b),
preparing the glans and harvesting the free flap
(Figure 16.7c). Once the chordee has been
corrected a midline ventral incision is made from
the most dorsal part of the new meatus on the
glans to the current meatus. Glans wings are
created so that the glans opens widely (‘like a
book’). The ideal material for the flap should be
easy to harvest, without leaving a long-standing
cosmetic defect. It should be supple and non-hair
bearing. The most commonly used graft material

Figure 16.6 Severe proximal hypospadias, unsuited
to a single-stage repair.

is inner preputial skin. However, postauricular
Wolfe skin grafts can also be used for primary
repair. Buccal skin and bladder mucosa are less
frequently used for standard two-stage repairs, but
do have a role in ‘salvage’ hypospadias.

When the donor graft has been taken, the fat
and subepithelial tissue are removed to enhance
graft revascularisation (Figure 16.7c). The graft
is then placed into the glans and tacked with
absorbable sutures; ‘windows’ are made in the
graft to allow haematomas to escape, and a few
midline quilting sutures are placed to anchor the
graft to on its base (Figure 16.7d,e). A firm dress-
ing is applied, with a catheter, which holds the
graft in place and minimises haematoma forma-
tion. After 1 week the dressing and catheter are
removed. The second stage of the repair is usually
performed after 6 months. This step involves
tubularisation of the graft into the neourethra
(Figure 16.7t,g) and then placing a second vascu-
larised layer over the anastomosis (Figure 16.7h).
Once this is completed the glans is recreated and
the penile skin closed (Figure 16.71). This second
stage is very similar to one-stage tubularisation of
the urethral plate already described.

Other techniques which are still in current usage
are described below.

Urethral repositioning

The MAGPI procedure (Figure 16.8), an acronym
of ‘meatal advancement and glanuloplasty incor-
porated’ was originally described by Duckett. It is
more accurately described as a refashioning of the
glans penis, with only minor meatal advancement.
It is only suitable for cases in which the urethra is
mobile — which can be confirmed if simple
traction can move the meatus to the tip of the
glans. A vertical incision between the tip of the
glans and the meatus is created (Figure 16.8a,b)
and then closed transversely, thereby advancing
the meatus. A circumferential incision is made in
the skin below the corona and the meatus. The glanu-
loplasty is then performed in two layers (Figure
16.8¢,d), and finally the penis is circumcised and
the skin closed. It is not normally necessary to
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(d)

Figure 16.7 (Continued)
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Figure 16.7 (Continued)

Figure 16.7 (Continued)
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Figure 16.7

(Continued)

()

Figure 16.7 Key steps in the two-stage repair (see
text for explanation).

leave a urinary catheter in for this procedure.
Many authors have described alternative
techniques in which the urethra is mobilised and
repositioned at the tip of the glans. Urethral
mobilisation was reported over 100 years ago, but
has recently been repopularised by Koft and
colleagues. The technique requires mobilisation of
the urethra to the scrotum and has not gained
widespread acceptance.

Pedicle flaps

Two types of pedicle flap are commonly used, the
meatal-based flap and the preputial flap. Both of
these procedures utilise skin flaps which remain
attached at some point to the urethral plate.

Meatal-based flap
(Mathieu procedure) (Figure 16.9)

The urethral plate is incised (Figure 16.9a) and
the glans flaps developed. A flap of proximal
penile skin is created using the meatus as the base
(Figure 16.9b). The flap is then placed on to the
urethral plate and both lateral edges are sutured to
it. Adjacent subcutaneous tissue is used to cover
(‘waterproof”) the suture line (Figure 16.9¢).
Once the neourethra is created, the glanuloplasty is
performed (Figure 16.9d). A urinary catheter is
left in for 4-7 days, although some authors have
reported that no drainage is necessary. As a rule the
maximum length of this flap should be no more
than three times the width of the base and in
practice this technique is unsuited for a urethro-
plasty exceeding 1.5 cm.

Preputial flap (onlay island flap
procedure) (Figure 16.10)

The urethral plate is incised vertically using two
parallel incisions. The penis is then degloved back
to its base using a circumferential subcoronal
incision. Once this is complete, the penile chordee,
if present, is corrected. The glans flaps are then
created and the proximal thin urethra is cut back
until normal urethral tissue is found. A pedicle flap
is then created out of the inner prepuce, as shown
in Figure 16.10a. The preputial flap is brought
around the side of the penis to its ventral surface
and sutured to the urethral plate (Figure 16.10b,c).
Once the neourethra has been created in this
fashion, the subcutaneous pedicle is anchored to
the tunica albuginea lateral to the urethral anasto-
mosis (Figure 16.10d). This ‘waterproofing’ subcu-
taneous flap covers the anastomosis and provides
support for the neourethra. Occasionally it is neces-
sary to divide the urethral plate in order to correct
the chordee. In these rare cases the preputial flap
can be tubularised, thereby creating the neourethra
alone. The lateral glans wings are then approxi-
mated in two layers to recreate the glans, and the
skin is closed (Figure 16.10e¢).
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(b)

(d)

Figure 16.8 Urethral repositioning, key steps in the MAGPI repair (see text for explanation).
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(b)

(c) (d)

Figure 16.9 Key steps in a perimeatal-based flap (Mathieu) repair (see text for explanation).
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(b)

(d)

Figure 16.10 Key steps in pedicle flap repair (see text for explanation).
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The Koyanagi procedure and its variants are
alternative procedures for severe proximal hypospa-
dias. It aims at using the urethral plate and the
neighbouring strip of ventral tissues along with the
inner aspect of the preputial hood, which is trans-
terred ventrally with its pedicle. This large and
well-vascularised material is freed from the ventral
aspect of the corpus spongiosum down to the base
of the penis. This allows the penis to straighten
and to build an extended plate which is subse-
quently tubularised.

Covering the penis

When the urethra has been reconstructed, it is
necessary to recreate the meatus and glans. Glanu-
loplasty is performed by bringing the two wings of
the glans around to cover the urethra; the glans is
then closed in two layers. The distal end of the
neourethra is sutured to the new meatus, thereby
creating a slit-like meatus. Once this is complete, the
residual inner preputial skin adjacent to the coronal
sulcus is brought around the ventral side of the penis
to create a circumferential mucosal ‘cuft” or ‘collar’
surrounding the glans. Skin cover is provided by
moving the excess skin from the dorsal side to the
ventral side: this gives a good cosmetic result that is
superior to the Byars flaps previously used. The
tollowing techniques are common variants.

Chordee without hypospadias
(Figure 16.11)

In most cases this is a misnomer since they do in
fact represent a form of hypospadias in which the
distal penile urethra is flimsy, despite the presence
of a glanular meatus and circumferential prepuce.
It may be possible to achieve good correction by
degloving the shaft and excising chordee tissue
while preserving an intact urethra. At the time of
operation, however, it may prove necessary to
excise the abnormal urethra back to healthy
spongiosum-supported urethra and proceed to
urethroplasty as if it were the corresponding
degree of true hypospadias.

Chordee without hypospadias.

Figure 16.11

Megameatus intact
prepuce (Figure 16.12)

Because there is no external clue to the presence of
this variant, it sometimes comes to light for the first
time in a boy who is about to undergo circumcision.
In this situation the planned circumcision should be
abandoned, the child returned to the ward and the
findings discussed with the parents. If the parents
opt for surgical correction of the glanular defect,
referral to a specialist is advisable. A suitable
technique has been described by Duckett, who also
specifically cautioned against the use of the MAGPI
repair in view of its high failure rate when used for
the attempted repair of this variant.

‘Salvage’ or ‘redo’ surgery often calls for
ingenuity and familiarity with a number of differ-
ent techniques. Where the neourethra is largely
intact and the surrounding skin is healthy, a proce-
dure using locally available skin may suffice, but
where there is extensive scarring and, particularly
in the presence of residual chordee, it is usually
preferable to abandon the unhealthy existing
neourethra and perform a substitution procedure
with an onlay or tubularised free graft. Postauricu-
lar skin is suitable, but buccal skin, harvested from
the lower lip (Figure 16.13) or cheek, is more
widely used for this purpose.
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Figure 16.12 Megameatus intact prepuce variant. (a) Normal external appearances before the prepuce is
retracted. (b) Glanular anomaly revealed by retraction of the prepuce; deep glans groove with ‘fish mouth’

megameatus.

Figure 16.13 Buccal mucosa graft — site on buccal
aspect of the lower lip marked out prior to harvesting
of the buccal skin graft for salvage repair.

General surgical principles

Magnification

The precision needed to perform this delicate
surgery means that most surgeons use some form
of optical magnification. Operating microscopes

have almost unlimited magnification power, but
they are cumbersome and often too powerful for
most cases of hypospadias. Most surgeons therefore
use standard operating loupes which are easy to use
and provide magnification in the range 2.5-4.3x.
The most important consideration, however, is that
the surgeon should feel comfortable using the
optical magnification.

Sutures

The suture material used needs to be fine gauge,
absorbable and easy to use. Historically chromic
catgut was the most commonly used suture, but
with developments in suture technology others are
now available. We prefer 7-0 or 6-0 polydioxanone
(PDS): these fine absorbable monofilament sutures
provide excellent strength and disappear before
suture tracts are formed.

Haemostasis

A bloodless operating field is essential for this
surgery. It can be obtained by using one of the
three following techniques:
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e A tourniquet at the base of the penis provides
an excellent bloodless operating field. Care must
be taken not to leave the tourniquet for long
because of the theoretical risk of reperfusion
injury.

e Adrenaline 1:100 000 can also be used, up to a
maximum dose of 10 mg/kg. Although there is
a theoretical risk that excessive vasoconstriction
might compromise the vascularity of skin flaps,
there is no evidence that this occurs in practice.

o Bipolar diathermy is generally preferred, but the
safe use of monopolar diathermy has been
described. Diathermy may be inadequate to
control bleeding from the glans. It is currently
our policy to use a tourniquet followed by a
compressive dressing at the end of the operation.

Antibiotics

Practice varies with respect to the use of prophy-
lactic antibiotics, ranging from none to a course of
antibiotics while the catheter is in situ. A recent
trial suggests that antibiotic coverage of the opera-
tion is beneficial.

Urinary drainage

The indications for postoperative urinary diversion
depend upon the type of reconstruction. Some
torms of distal hypospadias repair may not require
any form of urethral catheter drainage. We use
transurethral catheter drainage for all but the most
minor repairs. In general this takes the form of a
6-8 Fr dripping stent. Use of a standard Foley
indwelling urinary catheter carries the concern that
the deflated balloon might distend or disrupt the
delicate suture lines of the anastomosis when
the catheter is withdrawn. Some surgeons favour
the use of a suprapubic catheter, but we do not feel
this is necessary, except perhaps after complex or
‘salvage’ redo surgery.

Dressing

The dressing serves many purposes, which ideally
include gentle compression of the penis to reduce
haemorrhage and oedema, immobilisation and
protection from contact to reduce postoperative

pain. Many dressings are available and are subject
to preference of the surgeon. These include silastic
foam, a clean bandage and bio-occlusive dressings
(Tegaderm). The dressings stay in place for
between 2 and 7 days, depending on the complex-
ity of the repair.

Outcome

The results of hypospadias repair reflect the sever-
ity of the original defect and the type of operation
performed.

Tubularisation
of the urethral plate

The technique of tubularisation, as originally
described by Duplay, has a secondary operation
rate of around 10%, principally for urethral
fistulac. This technique does have the advantage
of creating a slit-like meatus, which is more
cosmetically appealing. The outcome following the
Snodgrass repair (tubularised incised plate) appears
to be at least as good. In an early multicentre experi-
ence with the tubularised incised plate hypospadias
repair, the results in 148 boys were reported from
6 paediatric urology centres. Complications included
fistulae in 5%, meatal stenosis in 2% and partial
glans dehiscence in 5%. Comparable results have
been confirmed in later studies for the use of the
tubularised incised plate (Snodgrass) repair for both
proximal and distal hypospadias, with approxi-
mately 10% of patients requiring reoperation.
Concerns have been expressed about the potential
long-term risk of stenosis as a consequence of
scarring in the incised portion of the urethral plate.
However, in a long-term follow-up study only a
small percentage required dilatation. Moreover,
measurement of voiding flow rates showed that
33/48 patients had normal peak flow rates when
corrected for age and 46/48 patients had a postvoid
residual of less than 10%.

Two-stage repair

Bracka has reviewed his personal series of 600 patients
managed by two-stage repair. In the majority of cases
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the neourethra had been fashioned from a free
graft derived from inner preputial skin. The first-
stage operation required revision in 4% of patients
for persistent chordee or to increase the area of
meatal skin, whereas the complications of the
second stage were fistulae in 6% of patients, with
‘redo’ or ‘salvage’ repairs having a higher fistula
rate of 10% (compared with 3% for primary
procedures). A higher fistula rate was encountered
in patients operated on in the earlier part of the
series before the introduction of a vascularised
dartos flap between neourethra and the skin.
Urethral stenoses occurred in 7% of patients. This
figure was attributable, in part, to balanitis xerot-
ica obliterans. Long-term functional outcomes in
patients following a two-stage repair have recently
been reported by a number of centres. Up to 40%
of patients report spraying of the urinary stream
and some described having to ‘milk’ the penis
following voiding to empty the neourethra to
avoid postvoid dribbling. In one study of the
functional outcome in 43 adults following recon-
struction with buccal mucosal grafts, seven
patients (16%) had urinary symptoms, of whom
two had experienced severe urinary symptoms. In
all, 26% of patients described problems with
urinary spraying. This technique does, however,
give an excellent cosmetic result.

Urethral advancement

Duckett reported his experience with the MAGPI
procedure for the correction of glanular hypospa-
dias in his series of over 1000 patients. Of these,
only 1.2% required a secondary procedure. Partial
meatal regression is, however, a relatively common
problem with this procedure and leads to an
inferior cosmetic result.

Pedicle flaps

In the Mathieu repair distal strictures are rare (1%)
and fistulae occur in approximately 4% of cases.
However, the meatus is often crescentic in appear-
ance, giving a poor cosmetic result. Wide glans
mobilisation and a midline dorsal incision of the
urethral plate may reduce this problem.

Preputial flaps

This method of repair is often reserved for the
more complex cases of hypospadias: consequently,
the rate of complications is higher. There is wide
variability in the published fistula rate, from
4% to 69%.

Psychosexual outcome

Sexual function following successful hypospadias
correction should be unaffected, with normal
erectile function and normal prospects of fertility,
providing the patient does not have coexisting
undescended testicles. The long-term psychosocial
and psychosexual outcome of men who have
undergone hypospadias surgery is not well
documented and those studies that have been
undertaken have arrived at differing conclusions.
Moreover, because these are long-term retrospec-
tive studies, their findings reflect the outcome of
techniques which have been superseded by newer
operations in the intervening decades. One recent
study found that men who had been operated on
tor hypospadias had similar psychosocial outcomes
to age-matched controls who had undergone
inguinal herniotomy.

Complications

Early

Operations to correct hypospadias carry the risk of
complications that are common to all surgical
interventions, but which can severely affect the
outcome of the procedure. Because of the vascu-
larity of the penis, haemorrhage can often be a
concern. Intraoperatively, bleeding can usually be
controlled by one of the methods previously
discussed. Postoperatively, most surgeons prevent
delayed haemorrhage with a compressive bandage;
this also acts to reduce the postoperative oedema
that occurs following most hypospadias repairs. It
is essential to minimise haematoma formation, as
this can act as a focus for infection and subsequent
fistula formation. Care needs to be taken to avoid
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wound infections and the need for meticulous
haemostasis and tissue handling is paramount.
Infection, haematoma formation and ischaemic
tissue flaps can all lead to poor wound healing,
resulting in fistulae and/or complete breakdown
of the repair. Complete dehiscence of the repair
is fortunately rare, but when it does occur the
subsequent secondary or ‘salvage’ repair is a
daunting task.

Late

The long-term complications of hypospadias
surgery are well known and, sadly, all too common.
Their incidence rate depends on the initial severity
of the hypospadias, the choice of procedure and
the skill and experience of the surgeon.

Fistulae

Fistulae are the most common complications
tollowing hypospadias surgery, and can occur in
up to 30% of patients. A fistula can present
acutely immediately after the catheter is removed,
or many years after the repair. If the fistula
appears acutely many surgeons would replace
the catheter for 14 further days with the aim
of allowing it to close spontaneously. Although
this approach may be effective, many early fistu-
lae persist and require further treatment. The
location of a hypospadias fistula varies, but it is
often just proximal to the junction of the glans
and penile shaft. Occasionally large or multiple
fistulae occur, usually indicating that the original
urethroplasty was unsatisfactory and needs to be
repeated.

Before attempting to repair a fistula it is imper-
ative to exclude meatal and/or distal urethral stric-
tures, as this will predispose to recurrence of the
fistula. Fistulae are sometimes associated with
urethral diverticula, which need to be excised at the
time of the fistula repair.

Repair of hypospadias fistulae should not be
dismissed lightly and in some series there has been
a 50% recurrence rate. The timing of the closure
is important. Although early closure was favoured
in the past, it is now recommended that an

interval of at least 6 months should elapse after the
original repair before fistula closure is attempted.
Many techniques have been described. Simple
closure, consisting of freshening and then closing
the fistula edges and the overlying skin, is associ-
ated with a high recurrence rate and is not recom-
mended by the authors. A flap-based repair has
also been described, in which the fistula is
dissected down to the urethra and the urethral
defect closed by inserting absorbable sutures.
A flap of skin is then formed from which a vascu-
larised subcutaneous layer is created and placed
over the urethral repair. Once the urethra is
covered, the skin flap is advanced to close the skin
defect. Although more complex, this technique is
more eftective, with Duckett reporting a 90%
success rate.

In some cases the fistula is very large and repre-
sents a failure of the original urethroplasty. Surgery
that is limited to fistula closure in these cases is
generally doomed to failure, and in these circum-
stances a repeat urethroplasty is invariably
required. The use of a urinary catheter following
fistula repair is much debated and the success rate
in those diverted or left undiverted seems very
similar in most series. Therefore, unless there is
some doubt about postoperative voiding it is
possible to perform a fistula repair without drain-
ing the bladder.

Meatal stenosis

Meatal stenosis results from either ischaemia of
glans flaps or an inadequately mobilised glans
wrap. It can present with difficulty voiding, a
narrowed urinary stream, spraying or, in some
patients, with urinary tract infections secondary to
incomplete bladder emptying. Meatal stenosis can
be treated initially with gentle dilatation of the
meatus. Although this can be accomplished as an
outpatient procedure using a fine-tipped catheter
in minor degrees of stenosis, dilatation under
general anaesthesia is required for moderate or
severe degrees of stenosis. When dilatation alone
will not suffice, formal meatotomy is a simple
procedure that is generally successful.
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Urethral stenosis

Urethral stenosis is a rare problem with modern
procedures, which avoid a circular anastomosis.
Although strictures can occur at any point along
the urethroplasty, they most commonly occur at
the distal and proximal ends of the neourethra.
Distal stenosis is often associated with a fistula and
can usually be treated with regular dilatation but in
severe cases a formal surgical repair is necessary.
Proximal stenosis is a serious complication which,
if severe, often requires complete reconstruction of
the urethra.

Persistent chordee

The persistence of penile chordee after hypospa-
dias repair is usually due to inadequate correction
at the time of the original repair. In rare cases,
however, it may be the consequence of postopera-
tive fibrosis. This complication is easier to
avoid — by a good repair and confirmation of
correction with an intraoperative artificial erection
test — than to treat. In the correction of persistent
chordee it is first necessary to deglove the penis
completely to exclude skin tethering as the cause.
If true chordee is found to be present after this
manoeuvre, dorsal plication of the tunica albu-
ginea is usually sufficient to correct it.

Balanitis xerotica obliterans

This rare complication caused by chronic inflam-
mation and fibrosis of the glans and meatus results
in scarring and meatal stenosis. Topical steroids
help in some patients, but the majority require a
formal meatoplasty to correct the stenosis.

Hairy urethra

The presence of hairs within the lumen of the
neourethra is a consequence of using hair-bearing
skin for the urethroplasty. Its significance lies
principally in the potential for hairs to act as a
nidus for the formation of urethral calculi. This is
largely a historical complication that has been
overcome by the introduction of operations utilis-
ing non-hair-bearing skin. For patients with a hairy

urethra causing symptoms the only eftective
option is a repeat non-hair-bearing urethroplasty.

Urethrocoele

This term refers to a dilated, ‘baggy’ section of
neourethra, often resulting from distal obstruction
that gives rise to ‘back pressure’ distension of the
proximal neourethra. It may also be secondary to
an absence or deficiency of supportive corpus
spongiosum tissue. A urethrocoele can present with
a poor urinary stream, postvoid dribbling, urinary
tract infections, swelling of the ventral aspect of the
penis at the time of voiding and urethral calculi
secondary to stasis. Surgical treatment requires
excision of the redundant urethral tissue and treat-
ment of any distal stenosis as necessary.

Key points

e Despite advances in technique,
instrumentation and aftercare, the
correction of hypospadias remains
one of the most technically challenging
aspects of paediatric urology.

e There is no place for the ‘occasional
hypospadias surgeon, even in the
correction of so-called ‘minor’
hypospadias. Surgeons should have a
detailed understanding of the various
concepts and surgical techniques and
maintain a clinical workload that is
sufficient to obtain consistently good
results.

e Preservation of the urethral plate is
the keystone of modern single-stage
procedures; however, there has been a
recent revival of the two-stage free flap
technique for more complex patients.

e With improving functional results the
challenge is now to obtain the optimal
cosmetic result to provide patients
with a penis of normal appearance
regardless of the severity of the
original abnormality.
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Development and function of the prepuce
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Introduction

The history of circumcision has been well
documented, with evidence of the practice dating
back to ancient Egypt during the Sixth Dynasty
of the Old Kingdom (2345-2181 sc). Although
approximately one-third of English boys under-
went ‘routine’ circumcision in infancy in the
1930s, this number has since dwindled to negligi-
ble proportions. In the UK, circumcision for non-
medical reasons is now virtually confined to those
faiths in which ritual circumcision is required to
comply with religious beliefs. By contrast, newborn
circumcision  remains  culturally  entrenched,
regardless of religious faith in the United States,
although the legitimacy of this practice is being
increasingly challenged. The number of ‘medical’
circumcisions in children performed in the UK’s
National Health Service (NHS) has declined
progressively over the last three decades. For
example, whereas NHS data for England recorded
that 18 500 circumcisions were performed in boys
aged 0-16 in 1994/1995, the figure fell over the
ensuing decade to 10000 in 2004/2005. This
striking reduction in the number of circumcisions
occurred almost entirely in district general hospi-
tals and almost certainly reflects fewer unnecessary
circumcisions being undertaken by adult surgeons.

An understanding of the valid medical indica-
tions for circumcision (or alternative procedures)

Circumcision

Alternatives to circumcision
Topical steroids
Preputioplasty

calls for a knowledge of preputial development
before and after birth, and of preputial pathology.

Development and
function of the prepuce

Prenatally

First appearing at 8 weeks’ gestation as a ridge of
thickened epithelium, the prepuce grows forward
over the developing glans so that preputial
construction is complete by 16 weeks’ gestation.
At this stage, however, the epithelia lining the
prepuce and surfacing the glans are contiguous,
with no plane of separation between them, so that
‘preputial adhesions’ represent a feature of normal
development, not a pathological process. Sponta-
neous separation, commencing late in gestation
and usually proceeding proximally, occurs by
desquamation, with areas of cell nests degenerating
to form a series of spaces that ultimately enlarge
and coalesce to form a continuous preputial sac.

Postnatally

Preputial separation after birth proceeds at a rate
varying from one individual to another and is
uninfluenced by environmental or genetic factors:
even at 5 years of age some degree of preputial
adherence persists in upwards of 70% of boys. This
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process may be accompanied by mild inflammatory
episodes, possibly due to infection of retained
smegma. At birth the prepuce is almost always
non-retractable and wusually remains so for a
variable period thereafter, during which time
attempted retraction results in the appearance of a
blanched and apparently constricting ring of skin
proximal to the preputial meatus (Figure 17.1).
Viewed end-on, the preputial orifice is supple and
unscarred, with an opening likened to a flower as
the foreskin is pulled back (Figure 17.2).

Although normal, developmental, non-retractil-
ity of the foreskin is often termed ‘phimosis’
(Ywooto ‘muzzling’ in Greek). This is misleading
as it implies the existence of pathology when in
reality there is none. ‘Non-retractile foreskin’
or ‘physiological phimosis’ are thus more appro-
priate terms.

In younger boys the natural history of non-
retractile foreskin and preputial adhesions was
documented by Gairdner in 1949 and in older boys
by Oster in 1968. Their findings, summarised in
Figure 17.3, show unequivocally that the foreskin,
if left alone, becomes fully and easily retractable by
physical maturity in all but a tiny minority of boys
(probably around 1%).

‘Ballooning’ of the foreskin during micturition is
a common phenomenon in the period of early

Figure 17.1

Developmentally non-retractile foreskin:
attempted retraction reveals an apparent constriction
ring a few millimetres proximal to the preputial orifice.

Figure 17.2 Developmentally non-retractile foreskin:
on attempted retraction, the preputial orifice opens as
a flower with a moist, supple and unscarred appear-
ance to the pouting inner preputial mucosa.

childhood when the foreskin is still non-retractile,
but when substantial preputial separation has taken
place. Typically occurring between 2 and 4 years of
age ballooning calls for no treatment as it is both
transient and self-limiting, resolving as the prepuce
becomes more retractable. Concerned parents can
be confidently reassured that neither non-retractil-
ity nor ballooning are indicative of obstructed
voiding, as non-invasive studies have established
that urine flow rates (Figure 17.4), postvoid resid-
ual bladder volumes and bladder wall thickness are
unaffected by physiological phimosis.

% of boys

Age (years)

Figure 17.3 Natural history of non-retractile foreskin
(red) and of preputial adhesions (black) (from Gaird-
ner (1949) and Qster (1968)).
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Preputial function

Although the prepuce serves no essential physio-
logical function, it is not wholly without purpose.
In the first instance, the foreskin typically remains
non-retractable prior to toilet training, thereby —
perhaps coincidentally, perhaps not — protecting
the glans penis and its meatus from ammoniacal
inflammation and hence meatal ulceration or
subsequent stenosis.

The other consideration is that of sexual satis-
faction. In contrast to the glans, which is inner-
vated principally by free nerve endings mediating
poorly localised sensations, the prepuce has a rich
somatosensory innervation forming an important
component of the normal complement of penile
erogenous tissue. Amputation neuromas may
tollow circumcision. Moreover, this procedure not
only removes some 30% of the penile skin, plus
the greater part of the muscular component of the
dartos layer, but also leaves the surface of the glans
to undergo keratinisation. However, because of the
highly subjective nature of sexual pleasure it is
impossible to draw meaningful comparisons
between the circumcised and the uncircumcised
state other than on a purely anecdotal basis.
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Figure 17.4 Uroflow age-related nomograms plotted with the Q

Preputial disorders and
abnormalities

Balanitis xerotica obliterans

True pathological phimosis with scarring of the
preputial orifice (Figures 17.5 and 17.6) is caused
by the chronic cicatrising skin condition balanitis
xerotica obliterans (BXO). The disease process
is histologically identical to lichen sclerosis et
atrophicus of the vulva and affects the prepuce,
glans and occasionally the urethra. Histological
findings are characterised by the following features —
hyperkeratosis with follicular plugging, atrophy of
the stratum spinosum Malphigi with hydropic
degeneration of basal cells, lymphoedema, hyali-
nosis, homogenisation of collagen in the dermis
and an associated band-like chronic inflammatory
cell infiltrate (Figure 17.7). The disorder typically
presents with irritation, local infection, dysuria,
bleeding, secondary non-retractability of the
foreskin or a deteriorating urinary stream. On rare
occasions it can progress to the point of presenting
with acute urinary retention or secondary diurnal
or nocturnal enuresis resulting from chronic outflow
obstruction.
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physiological phimosis: (a) nomogram for 37 year olds; (b) nomogram for 8-12 year olds. The blue diamonds
represent flow data from patients with, and pink circles from boys without, ballooning of the foreskin. The two
groups have a similar distribution of flow rate values and all points are within the normal range. (Reprinted with

permission.)



236 Essentials of paediatric urology

Figure 17.5 Pathological phimosis due to balanitis
xerotica obliterans. Characteristic pallor, scarring and
stenosis of the prepuce.

Figure 17.6 BXO, extensive glanular involvement
and meatal stenosis.

Ultrasonography in cases with obstructive
symptoms may disclose thickening of the bladder
wall and/or significant residual urine, although
only very rarely secondary dilatation of the upper
renal tracts.

BXO is rare under the age of 5 years old, with a
peak incidence in boys aged 9-11 years old (76%),
and is estimated to have affected 0.6% of boys by
their 15th birthday. Glanular involvement occurs
in 49% of cases, although the meatus is affected in
only a small proportion.

The aetiology of BXO is unknown, with no
tamilial predisposition, or any identifiable causative
bacterial or viral agent. There is no association

Figure 17.7 Characteristic histological features of
BXO, including an acellular band/layer between the
epithelium and deeper dermis and a band-like chronic
inflammatory cell infiltrate.

with puberty and, contrary to widespread belief,
BXO does not result from recurrent balanoposthi-
tis (Figure 17.8).

The preferred treatment is circumcision: indeed,
pathological ~phimosis constitutes the only
absolute indication for this procedure in boys.
Preputioplasty is not an option as the continuing
inflammatory process results in recurrent stenosis
of the preputial orifice. Glanular involvement
nearly always resolves following circumcision.
However, meatal involvement calls for simultane-
ous meatotomy or meatoplasty in approximately
5% of cases and postoperative application of
topical steroid creams may lessen the risk of subse-
quent restenosis. Parents should be notified of the
risk of recurrent meatal stenosis and follow-up is
also advisable for this reason.

In boys presenting with milder forms of BXO,
the application of a potent topical steroid (e.g.
0.05% mometasone furoate, 0.05% clobetasol
propionate or 0.05% betamethasone cream) may
ameliorate local symptoms and result in an
improvement in the appearances of the foreskin.
But while this approach may afford symptomatic
relief, it is rarely curative and delays rather than
avoids the need for circumcision. Misguided
attempts to persist with medical management
despite progressive BXO carry the risk that the



The prepuce

237

25+

20+

-
o
1

-
o
1

]

% of puberty

AL

1 2 3 4 5 6

o0 =1l
0

J)

7 8 9 10 11 12

Age (years)

| [ Balanoposthitis [ Phimosis |

Figure 17.8 Age distributions of pathological phimosis (orange) and of balanoposthitis (purple) (Urology

Department, Alder Hey Children’s Hospital, 1984—99).

partially treated sclerotic process may extend to
involve the meatus and distal urethra.

In adults there is an association between BXO and
penile cancer (28% of patients with penile malig-
nancy have BXO), although a specific causal relation-
ship is uncertain. The relevance of this association to
pacdiatric patients is unknown since there are no data
documenting the long-term outcome for boys with
BXO followed into adulthood.

Acute balanoposthitis

In its full-blown form, acute balanoposthitis
consists of purulent, pyogenic, infection of the
entire preputial sac. Typically this is accompanied
by purulent discharge and overlying oedema of
the prepuce that may, on occasion, spread to
involve the skin of the entire penile shaft. In
the lesser severe forms of the condition, more
properly termed posthitis, the inflaimmatory

process is limited to the preputial orifice and the
outer reaches of the lining of the foreskin, result-
ing in localised erythema and oedema, along with
corresponding irritation, but purulent
discharge. Dysuria is a common complaint and
minor bleeding from the preputial orifice may
also occur. Urinary infection is the only dif-
ferential diagnosis and may be distinguished
from balanoposthitis by the absence of preputial
symptoms and signs.

Balanoposthitis is comparatively infrequent
prior to toilet training, perhaps because ammonia
inhibits the growth of pathogens. Common
causative organisms are Staphylococcus aureus,
Escherichin coli and Proteus spp., although in a third
of cases the preputial discharge is sterile on culture.
Balanoposthitis occurring when the prepuce is
fully and easily retractable should arouse suspicion
in older boys, as it may be the presenting feature
of diabetes mellitus.

not
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Treatment comprises antibiotic therapy for
acute episodes, where indicated, and attention to
hygiene. Beyond the acute episode, therapeutic
intervention should be restricted to boys who
suffer recurrent episodes. Because the complaint
is typically associated with complete or partial
non-retractility of the foreskin, preputioplasty
or preputiolysis (according to individual circum-
stances) should be considered as surgical alterna-
tives to circumcision. Topical steroid creams
represent another option.

Schénlein-Henoch purpura
involving the penis

The preputial and penile swelling and oedema
sometimes associated with this condition may be
confused with balanoposthitis if these features
appear before the characteristic purpuric rash on
the legs, lower abdomen and buttocks. Like-
wise, idiopathic scrotal oedema can occasionally
extend up from the perineum to involve the penile
shaft, although this is unlikely to cause diagnostic
uncertainty.

Paraphimosis

This is a rare condition in boys which is related to
manipulations of the foreskin and a failure to draw
the prepuce forward again following retraction,
with resultant congestion and oedema of the
prepuce and glans (Figure 17.9). Often the boy
has been encouraged to retract the foreskin for
physiological phimosis by parents or medical
staff. Tatrogenic paraphimosis can occur follow-
ing catheterisation if the foreskin is not reduced.
Paraphimosis does not signify underlying foreskin
disease and an isolated episode is not an indication
for circumcision. It is only seldom necessary to
resort to a dorsal slit and in most instances reduc-
tion can be achieved by reducing the preputial
oedema by manual compression, multiple needle
puncture or topical cooling then drawing the
foreskin forwards over the glans employing EMLA
cream as a topical local anaesthetic. Recurrent
episodes are exceptional and constitute the only
indication for circumcision with this complaint.

Figure 17.9 Paraphimosis. There is oedema of the
foreskin and glans due to a constriction ring at the
subcoronal level.

Preputial cysts and adhesions

Depending on age, preputial adhesions are a
normal phenomenon and resolve spontancously
through childhood, as described by Gairdner in
1949. Some boys present with one or more yellow-
ish lumps on the penis that are often diagnosed by
the general practitioner as sebaceous cysts or
lipoma of the penile shaft. Invariably, on outpa-
tient assessment, these prove to be collections of
retained smegma trapped by surrounding
preputial adhesions (Figure 17.10). Reassurance is
all that is required, as the smegma is released when
the adhesions lyse spontaneously over time.

There is a very limited role for the surgical
release of preputial adhesions in the management
of recurrent balanoposthitis and such patients may
be better served with a circumcision or preputio-
plasty (see later). Occasional examples are seen of
true retention cysts of the prepuce. Localised
retention cysts can be enucleated, but more diffuse
lesions call for circumcision.

Congenital megaprepuce

This rare condition has only recently received
recognition as an entity in its own right and it is
possible that it represents a genuinely new
pathology. On cursory inspection it resembles a
buried penis, but closer examination reveals an
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Figure 17.10 Smegma retention ‘cyst’. The mobile,
subcutaneous, firm lump at the coronal level has a
yellowish appearance and is often misdiagnosed in
primary care as a dermoid cyst or lipoma.

enormously capacious preputial sac, engulfing the
whole penile shaft and upper scrotum (prompting
the term “preputial bladder’). Urine dribbles more
or less continuously from the preputial orifice and,
although the capacious urine-filled sac can be
readily emptied by compression, there is never a
normal urinary stream. Almost nothing is known
of the natural history of the deformity and whether
or not it tends to improve over time, since surgery
is usually undertaken because of functional and
cosmetic concerns (Figure 17.11). The correction
of congenital megaprepuce can be a significant
technical challenge and considerable experience is
required to achieve a good cosmetic result. The
main problems stem from a deficiency of penile

shaft skin, an absence of defined penopubic and
penoscrotal angles and a marked excess of inner
preputial ‘mucosa’. Various reconstructive proce-
dures have been described which result in a
circumcised penis. Revision surgery is not uncom-
mon for redundant penile skin or recurrence of the
buried appearance.

Circumcision

Religious circumcision

The ethical issues surrounding religious circumci-
sion are beyond the scope of this chapter but
centre principally on concerns that scarcely any
boys being submitted to the procedure are in a
position to give informed consent. Although
there is some variation between different areas of
the UK, religious circumcision is not generally
funded within NHS hospitals. However, in some
cities with a large Muslim population, circumci-
sion services are provided under the auspices of
local NHS organisations. Religious circumcisions
in the Muslim faith are otherwise undertaken in
the community by general practitioners and other
medically qualified practitioners and in the
Jewish community by mohels — trained circum-
cisers who may or may not be medically qualified.

‘Routine’ circumcision

Most medical arguments previously advanced in
justification of newborn circumcision, including a
reduced risk of venereal disease or carcinoma of
the penis for the patient, or of carcinoma of the
cervix in a prospective spouse, have largely been
discounted. However, there is now good evidence
from recent randomised trials in sub-Saharan
Africa that circumcised adults are relatively
protected from infection by the human immuno-
deficiency virus (HIV). Thus routine circumcision
may become an important healthcare measure in
developing countries with a high prevalence of
HIV infection.

Otherwise, the only other possible justification
relates to the risk of urinary tract infection (UTT).
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It has long been recognised that during the first year
of life UTT occurs more frequently in boys than in
girls and, moreover, that the risk of a UTI is six to
ten times higher in uncircumcised boys. Neverthe-
less, the absolute incidence of UTT is low, and it has
been calculated from a systematic review of
randomised trials and observational studies that the
number needed-to-treat to prevent one UTI in
normal boys is 111. Routine neonatal circumcision
is clearly not justified as a routine prophylactic

Figure 17.11 Congenital megaprepuce. This series
of photographs shows the distended state where the
penile shaft is no longer visible, being surrounded by
urine collecting within the dilated subcutaneous
preputial sac (a), manual expression of the megapre-
puce producing a stream from the retained urine (b)
and the decompressed more normal appearance prior
to a modified circumcision (c).

measure on this basis. However, there is more
persuasive evidence that circumcision is beneficial in
reducing the risk of UTT in male infants with predis-
posing urinary pathology, such as vesicoureteric reflux
or urinary dilatation resulting from congenital
urethral obstruction. In boys with recurrent UTI or
high-grade vesicoureteric reflux, the risk of UTI
recurrence is 10% and 30% and the numbers
needed-to-treat are much less at 11 and 4, respec-
tively. However, performing circumcision at the
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time of antireflux surgery does not reduce further
the incidence of postoperative UTIL.

Circumcision for medical
indications

The principal indications cited for medical
circumcision in the UK are ‘phimosis’ and
balanoposthitis.  In  Scandinavian  countries
approximately 2% of boys are circumcised for
medical reasons and although the percentage has
historically been considerably higher in the UK
the percentage has almost fallen to the Scandina-
vian level over the last decade, currently standing
at around 3% for boys aged 0-16 years old.
Nevertheless, it is almost certainly the case that
unnecessary — circumcisions are still  being
performed, particularly for physiological phimosis
in boys under 5 years old (an age at which BXO is
virtually unheard of and non-retractility of the
healthy prepuce is the norm).

Contraindications to
circumcision

All parents of boys with hypospadias, as well as
those with epispadias or ambiguous genitalia,
should be advised not to have their son circum-
cised as the foreskin may be required for recon-
structive purposes. Special considerations relating
to buried penis are outlined below. A family
history of bleeding disorder is a relative contraindi-
cation to circumcision. In this context, excessive
postoperative haemorrhage after circumcision may
be the first manifestation of a bleeding disorder
such as factor VIII deficiency.

Surgical aspects

The techniques employed for neonatal circumcision
will not be considered here. Circumcision
performed for genuine medical indications should
be undertaken as a formal surgical procedure under
general anaesthesia, with additional local anaesthe-
sia (caudal or penile block) to provide postoperative

analgesia. The details of technique are a matter of
individual surgical preference, but the following
general points should be observed:

e Care should be taken to ensure that the prepuce
is completely separated from the underlying
glans and coronal sulcus prior to circumcision.
Failure to do so may result in the formation of
persistent skin bridges between the glans and
the penile skin.

e The outer and inner layers of preputial skin
should be excised separately and trimmed
turther if necessary to ensure the best cosmetic
result. For this purpose some surgeons delin-
eate the planned incisions with a marking pen.
Failure to excise sufficient of the outer layer
may leave redundant penile skin, resulting in an
unsatisfactory cosmetic outcome (incomplete
circumcision) and a requirement for secondary
surgical revision.

e Conversely, removal of too much skin may
leave insufficient to cover the penile shaft. This
risk is greatest in boys with so-called ‘buried
penis’, in whom even a standard circumcision
may result in a denuded penile shaft and a
requirement for skin grafting. A modified
technique is required in such cases, to redis-
tribute rather than remove preputial skin.

e Careful attention to haemostasis is important
to minimise the risk of postoperative haemor-
rhage. Bipolar diathermy is more effective than
ligation of individual vessels. Laser circumci-
sion has been shown to have a low risk of
postoperative haemorrhage.

e Sutures chosen for skin closure (e.g. Vicryl
Rapide) should be rapidly absorbed to reduce
the incidence of suture tract formation,
whereas some surgeons employ subcuticular
sutures to minimise this risk. The use of tissue
glues instead of sutures is well documented
in sizeable series and has been claimed to
reduce operative times and improve cosmetic
appearances.

The choice of postoperative dressing (if any) is also
a matter of individual preference. Many surgeons
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avoid dressings because of the distress caused by
their removal.

Complications of circumcision

Parents should be made aware that there is an
appreciable incidence of postoperative distress and
morbidity following circumcision. Early complica-
tions include urinary retention and haemorrhage.
The former can be prevented by adequate analge-
sia or intraoperative local block with levobupiva-
caine. As a rule, any subsequent difficulty with
micturition can be relieved by sitting the boy in a
warm bath and allowing him to urinate in the
water, while on occasion oral diazepam can suffi-
ciently relax the urethral sphincter to avoid a full-
blown episode of acute retention. Haemorrhage of
sufficient severity to necessitate early reoperation is
reported to occur in 2-5% of boys. The most
common postoperative problem is encrustation,
scabbing and infection of the exposed glans.
Meatal stenosis occurs in a small proportion after
circumcision. Major complications such as severe
sepsis, urethral fistula, injury to the glans and
partial penile amputations are virtually confined to
religious circumcisions performed in the commu-
nity (Figures 17.12 and 17.13).

Alternatives to circumcision

These are designed not to treat pathological
phimosis due to BXO but rather to render a
normal foreskin fully retractable at an earlier age
than would otherwise have been the case.
Although such intervention is often well worth-
while for boys troubled by localised symptoms
or recurrent balanoposthitis, it is not justifiable
simply as a response to parental pressure
prompted by concerns about non-retractility of
the foreskin or ‘ballooning’. Reassurance and
an explanation of the natural history of the healthy
non-retractile foreskin should be employed in
this situation.

Figure 17.12 Complication of circumcision. Child
admitted to hospital following religious circumcision.
Excoriation and infection of the glans.

Topical steroids

There are now many retrospective and prospective
studies unequivocally demonstrating that a range
of steroid creams can alter the characteristics of
the foreskin, rendering it retractable earlier than
would naturally have been the case. Postulated
modes of action relate to the anti-inflammatory
and antiproliferative properties of topical steroids.
There may also be effects on extracellular matrix
composition.

Although the literature consists largely of obser-
vational and uncontrolled studies, it does include at
least eight controlled studies — indicating that the
beneficial effect is genuinely attributable to the
steroid component, not simply a non-specific
physical effect of the cream or ointment. Unfortu-
nately the entry criteria into these studies are
usually poorly defined and the extent, if any, to
which they included cases of early BXO is unclear.
It is difficult to escape the impression, however,
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Figure 17.13 (a) latrogenic buried penis due to scarring and occlusion of the residual skin following ritual
circumcision. (b) Appearances following surgical release and revision of circumcision.

that the favourable results reported by these studies
were obtained predominantly in boys with healthy
non-retractile foreskins. Various different steroid
preparations have been used (including 0.05%
betamethasone cream, 0.05% clobetasol propi-
onate cream and 0.02% triamcinolone acetonide
cream), usually with a twice daily application for
4-8 weeks and a repeat course if initial results are
unsatisfactory. Although ‘success rates’ of 70-95%
have been reported, ‘success’ is often loosely (and
subjectively) defined, with some authors regarding
it as full retraction whereas others extend the defini-
tion of ‘success’ to encompass partial responders or
boys with retractability deemed ‘appropriate for
age’ following treatment. Application of the steroid

cream must be combined with regular attempts at
retraction of the prepuce to achieve success. One
consistent finding to emerge from all the studies is
that this form of treatment is safe and free of
complications.

Preputioplasty

In boys where intervention is felt necessary for
a tight non-retractile foreskin, a preputioplasty
may be a sensible option allowing foreskin preser-
vation. Performed under general anaesthetic,
this consists of incising the ‘constriction ring’
apparent on retracting the foreskin and closing the
incision transversely with interrupted sutures
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Figure 17.14 Technique of preputioplasty. (a)
Adhesions divided, prepuce retracted. (b) Constricting
ring incised and (c, d) incision closed transversely. (e)
‘Dorsal slit’ appearance on completion of the proce-
dure evolves into normal retractile prepuce (f) if retrac-
tion is undertaken regularly in the ensuing weeks.

()

(Figure 17.14). A single incision has a tendency to
leave an initial cleft-like deformity, resembling a
limited dorsal slit, although this improves with
time. For this reason various modifications have
been described using multiple incisions or Y-V
plasties. The procedure is contraindicated in the
presence of BXO and success depends on early and
frequent retraction of the prepuce postoperatively

once oedema and pain have settled. It is a
good alternative to circumcision when used selec-
tively, ideally in older boys who are able to
cooperate with the postoperative regimen of
regular retraction.

Key points

e Although the foreskin is almost always
unretractable at birth, it spontaneously
becomes fully and easily retractable
in approximately 99% of boys by
16 years of age.

e Conservative treatment of the
non-retractable foreskin involves
educating the parents on the
natural fate of the foreskin.

o Effective alternative treatments for
the non-retractable foreskin include
the use of topical steroid therapy
and, on occasion, preputioplasty.

e Surgical intervention for
balanoposthitis can reasonably
be considered for boys troubled by
recurrent episodes and may take the
form of preputioplasty and/or
preputiolysis rather than
circumcision.

e Pathological phimosis due to
balanitis xerotica obliterans affects
only 0.6% of boys and is rare
under the age of 5.

e Balanitis xerotica obliterans is
the one absolute indication for
circumcision.
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