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Preface

All unsuccessful revolutions are the same, but each successful one is
different in its own distinctive way. The reason why revolutions occur is
that new forces attain increasing significance and classic institutions are
incapable of accomodating these forces. Such has been the pattern of
events in the English, American and French revolutions. These successful
revolutions produced a new dynamic and new perspectives. One English
revolutionary put this succinctly: “Let us be doing, but let us be united in
doing”’.

This book sets out what is a revolution in.the perspectives of diagnostic
imaging of the kidney and urinary tract. Forces which have brought about
this revolution are the advent of reliable techniques in radioisotope
studies, ultrasonics and computerized tomographic (CT) scanning. This
last modality carries with it specific problems for routine paediatric work
and its role in the study of kidney and urinary tract problems is discrete
and circumscribed. However, in conjunction with classic radiology, each
of these techniques yields information of a different type and so a synthesis
of data accrues.

To achieve a successful synthesis of data it is essential that departments
concerned with diagnostic imaging are self-contained and have within
their orbit, and most preferably in one location, a range of diagnostic
equipment appropriate for the task. At The Hospital for Sick Children for
routine fluoroscopic work the Department has a Siemens Infantoskop
with an over-table X-ray tube and an under-table high-performance image
intensifier and TV chain with a videotape recorder. For routine radio-
graphic work, including tomography, high performance falling load
generators are used in conjunction with rare earth screen/film combina-
tions to reduce radiation dose. Philips ultrasound equipment is located in
a room adjacent to the fluoroscopy unit and a few metres from the rooms
containing the standard radiographic equipment. Also nearby radioiso-
tope work is carried out on a Nuclear Enterprises gamma camera with its
associated data-processing and display facility. CT scanning facilities
have proved to be of limited help in further diagnosis but are close at hand.
The immediacy of information provided by ultrasonics study is important
inits own right. The integration of ultrasonics study into the radiographic,
fluoroscopic and radioisotope investigations can prove decisive in their
conduct and make for a more meaningful result than would otherwise be
the case.

The objective of this book is to help to indicate those techniques which
may be most appropriately used, in an integrated way, to give that
information which is essential to the rational management of the
individual child’s problem. There is only very limited detail given about the
incidence, in statistical terms, of particular lesions and age and sex. And the
reason is simple and logical. In the case of each individual child such data
may suggest what is probable, but it does not indicate what is certain.



VIII Preface

There are distinctions to be made between a Department of Diagnostic
Imaging and a racecourse, because the favourite horse does not always
win, children with problems are not racehorses and doctors should not be
professional gamblers. For the individual child there must be that essential
element of confidence and certainty if the next steps in management are to
be rational and beneficial.

When considering an individual child’s problem the clinician ascertains a
range of facts which, by a process of induction, lead to the formulation of
certain questions to which answers must be sought. The questions are then
put to the department responsible for the investigatory work, and, a close
liason is maintained between the clinical team and the department. The
investigatory path which is then followed is that deemed most likely to give
the answers to the questions. This approach makes for incisive thinking
before surgical incisions. It provides that element of confidence and
certainty essential for management of the clinical problem. It avoids risks
and gambles inherent in the notion that, for example, the intravenous
urogram will alone provide the answers in children who appear to have
renal mass lesions. Finally, it obviates unnecessary, time-consuming,
expensive and possibly hazardous investigation.

The structure of this book is, therefore, orientated to solving problems and
its structure is based on this concept. The first chapter is devoted to a brief
outline of those clinical circumstances which lead to investigation. Then
follow two issues of central importance in the majority of patients in the
paediatric age range; these are the problems of obstruction and reflux in
the urinary tract. In considering these subjects the concept of preserving
kidney function and the potential for growth lie to the fore and determine
prognosis. It is the same in the many variants of cystic disease of the
kidney, acutely acquired kidney lesions and the multiplicity of congenital
anomalies which affect performance and development of the kidney and
urinary tract. Malignant disease has its own specific features, but
malignant disease in infants and children can (in for example Wilms’
tumour) carry a vastly better prognosis than neoplasms in later life. No
consideration of these subjects would be complete without a discussion of
adrenal gland lesions. Traumatic injury is dealt with only in so far as it
carries long-term implications for the future of the individual child.
Finally, kidney and adrenal lesions are the principal causes of systemic
hypertension in children and careful analysis and investigation can lead to
dramatic steps in management which carry a good prognosis.

It has to be acknowledged that, as in all branches of medicine, failures in
management do occur and these must be analyzed. Sometimes it is
impossible to avoid failure because the potential for development and a
good prognosis is simply not there. Nevertheless new techniques must be
used to diminish the numbers of children in whom failure occurs.
Techniques must be appropriate, but they must always be used as kindly as
possible and as safely as possible. One imperative is to reduce potential
radiation hazard and in this respect radioisotope and ultrasonic studies
have clear-cut advantages. As the revolution in imaging proceeds the
newer techniques will be fully validated. Specific points where this is
necessary and how this can be achieved are indicated.

As authors we believe this book will be stimulating. It has been designed to
be of importance to all concerned with the care of infants and children



Preface IX

suffering from renal and urological disorders, in particular those ra-
diologists concerned with diagnosis, paediatricians and paediatric sur-
geons, nephrologists and urologists. This book describes the current
position and gives pointers for the future. The future is there to be created
and this means a better future for children — this is the objective of this
endeavour.

September, 1979 ALAN R. CHRISPIN
IskY GORDON
CHRISTINE HALL
CONSTANTINE METREWELI
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1.1 Introduction

Incisive thinking about an individual infant or
child’s problem demands clinical acumen. And this
is an amalgam of clinical knowledge, experience and
the capacity for experience. Astute clinical assess-
ment provides the pointers for likely diagnoses. The
objective of using imaging techniques is to confirm
or refute diagnostic possibilities. As the investi-
gatory process develops interactions between the
findings from imaging and clinical assessments
provide the synthesis of hard data on which rational
management is based.

Very often the analysis of the clinical context
defines, in a fairly direct way, that circle in which the
diagnostic possibilities lie. Sometimes, however,
imaging techniques will extend the circumference of
the diagnostic circle which then encompasses ad-
ditional diagnostic possibilities.

The consideration of diagnostic possibilities has to
begin somewhere and so this chapter is devoted to
defining those primary circles which contain certain
clinical diagnostic possibilities. The starting point in
drawing each of these circles is the symptom or
symptom complex as it affects the individual child.
Some clinical features, such as mass lesions palpable
in the abdomen or systemic hypertension have such
obvious connotations for imaging procedures that
they are dealt with directly and separately in suc-
ceeding pages. The scope of the survey of symptoms
and symptom complexes presented here is annotated
at the head of this chapter; the detail now follows.

1.2 Renal Failure
1.2.1 Renal Failure in the Very Young

In the very young neonate overt clinical and bio-
chemical evidence of renal failure may notbe present
because insufficient time has elapsed since the mo-
ment of the infant’s delivery. Clinical features, such
as anuria, oliguria, polyuria, or findings suggesting
obstructive uropathy, may be present and indicate
renal failure is impending. A major perinatal catas-
trophe associated with hypoxia or exsanguination
may precipitate acute kidney damage with cortical,
medullary or tubular necrosis being the
consequence.

Once renal failure has become manifest uraemia is
present. Commonly this is described in terms of its
prerenal, renal and post-renal components, but this
is a rather simplistic approach in the paediatric
context. In the acute phase of renal failure in the
infant vomiting, diarrhoea and abdominal disten-
sion with ileus, may produce both major elements of
prerenal uraemia and also renal parenchymal dam-
age because of the inevitable change in blood flow
and supply to the kidney. Nevertheless prompt
medical measures can alleviate the prerenal com-
ponents of the uraemic state and in this way reveal
the underlying extent of uraemia due to lesions of
the kidney and urinary tract.

Renal failure in infancy has certain life-threatening
connotations of immediate significance. It may be
associated with hyponatraemia and circulatory col-
lapse or hyperkalaemia and circulatory arrest.
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Convulsions may result from either hyper — or
hyponatraemia or hypocalcaemia. There is a suscep-
tibility to infection and sepsis. Acute kidney and
urinary infection may precipitate a clinical crisis in
those with obstructive uropathy or primary reflux.
In the very young infant urinary infection in an
essentially normal urinary tract may be associated
with septicaemia, jaundice and renal failure. Indeed
these grave clinical features may constitute the
cardinal presentation.

Causes of Renal Failure
in the Neonate and Young Infant

Bilateral
renal agenesis and
hypoplasia

Bilateral
renal venous
thrombosis

Obstructive
uropathy

Acute infection
with pyelonephritis

Acute kidney damage with
parenchymal necrosis of
tubular, medullary or
cortical type

1.2.2 Protracted Renal Failure

Failure to thrive and grow normally is a common
manifestation of chronic renal insufficiency in older
infants and young children. In such circumstances
there is often anorexia and a low calorie intake.
Retardation of skeletal maturation may be observed
on skeletal radiographs and rachitic changes may
occur either with or without clinically evident bow-
ing deformities of the limbs.

When the kidney’s ability to conserve water is
impaired polyuria develops because of the obli-
gatory diuresis and then the urine has a fixed low
specific gravity. These are features common to a
very wide range of disorders in which the renal
parenchyma is damaged or has failed to develop as
the child has grown. And very often an element of
somatic growth failure parallels the development of
renal failure.

Be this as it may, the relationship between failure to
thrive and grow and the onset of renal failure is
neither clear cut nor direct. A number of children
present quite suddenly with end-stage renal failure
and yet they have grown well up to what must
represent some critical moment in their life.
Systemic hypertension (with oedema, heart failure
and pulmonary oedema, or hypertensive encepha-
lopathy) may be one way in which renal failure is
suspected and then investigated. The causes of
hypertension declaring in this way are numerous.
But not all patients who have hypertension nec-
essarily have renal failure and in such children there
is always good development of at least a proportion
of the renal parenchyma.

In summary, infants and children who have protrac-

ted kidney failure may have

(1) clinical evidence of an illness, often with growth
failure, extending back over a considerable
period of time, or

(i1) clinical evidence of a more acute illness which
represents an end-point of a previously cryptic
problem.

Protracted renal failure always implies a kidney

parenchymal problem. This problem may be intrin-

sic to the kidney itself, as with hypoplasia. Alterna-

tively it may be a feature (and a dominant feature) of

a more generalized disease process, such as dissemi-

nated lupus erythematosis, which is but one of many

examples of nephritis. And yet again, the paren-

chymal problem may be a consequence of a lesion in

Causes of Protracted Renal Failure

Anomalies of
Renal development e. g.
hypoplasia

renal cystic disease

Svndromes e. g.
Asphyxiating
thoracic
dystrophy

Hypertension
with nephrosclerosis

End Stage Acute Kidney
Damage

renal venous thrombosis
parenchymal damage
surgical lesions

trauma

Obstruction with
obstructive atrophy
or renal growth
failure

Vesico-Ureteric
Reflux with reflux
nephropathy and
renal scarring

End Stage Nephritis
D.L.E.. Polyarteritis,
malaria, radiation.
nephrotic syndrome,
acute nephritis

Calculus Disease

Malignancy of
Kidneys




the urinary tract and the most common of these is
obstruction to urine drainage. When hypertension
develops hypertensive nephrosclerosis may add to
the renal problem. Measures taken to alleviate
hypertension by pharmacological means may exac-
erbate renal failure.

1.3 Enuresis — Retention — Incontinence

An astute clinical evaluation is of paramount impor-
tance in evaluating the problems of enuresis, re-
tention and incontinence. The reason s that patterns
of normal development vary quite widely and these
need to be distinguished from habits which persist,
habits which are acquired and pathological con-
ditions which manifest themselves in terms of vesical
emptying problems.

In the normal infant urine is passed periodically and
there is no volitional control over the act of bladder
emptying. As training of the toddler proceeds the act
of voiding is controlled during the day, but voiding
continues to occur periodically during the night.
Later in childhood, and usually by the age of 4 years,
voiding occurs in a controlled way during the day
and it does not take place during sleep.

Certain deviations from this pattern can be defined
at a very early age. An infant or child who is
persistently wet may have a neuropathic bladder or
an ectopic ureter draining low into the urethra
(below the proximal sphincteric zone) or into the
vagina.

Diurnal enuresis is a form of delay in development
and the act of voiding is not controlled during the
day by that time in the child’s life when it should be.
In some children there may be a considerable delay
before continence is established during sleep and at
night. Once the pattern of not voiding at night has
developed then it should be maintained throughout
childhood. If this pattern breaks and the child has
nocturnal enuresis, this may be a response to some
“crisis” in the child’s life, such as the conception of a
sibling. However, enuresis must be distinguished
firstly, from frequency (which may be caused by a
urinary infection and cystitis), secondly, from the
production of large volumes of urine the voiding of
which the child can no longer control (as in for
example, renal failure). When there is the slightest
doubt about the functional nature of the child’s
problem investigation can be decisive.

Urine retention often occurs, very transiently, in
young children whose play (or work) so absorbs
their interest that they put off the moment at which
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they would ordinarily void urine. Unpremeditated
and precipitate voiding may then occur, especially
when, for some happy reason, laughter breaks out.
Girls of a sensitive disposition may, when they start
going to school, void infrequently and it might be
held that this accounts for the incidence of urine
infection in schoolgirls. Nevertheless, a sore perine-
um in a girl or a meatal ulcer in a little boy may lead
to painful retention because the act of voiding is so
painful in itself; a rather similar event can occur
occasionally after removal of a catheter passed per
urethram. In such circumstances the child will
usually void easily when sitting in warm bathwater.
Serious and painful retention of urine can occur in
patients who have obstruction to outflow of urine
from the bladder due to pelvic mass lesions.
Chronic retention may be a feature of the neuro-
pathic bladder or a consequence of obstruction to
bladder emptying. This is a painless form of re-
tention and it is often accompanied by a dribbling
incontinence of urine.

Incontinence may be a sequel to surgical operations.
In some boys whose posterior urethral valves have
been resected incontinence persists for a period,
which may be several years, even though no obstruc-
tion remains and there is no retention or residual
urine. Very occasionally and rather more commonly
in girls than boys, incontinence follows surgical
uncapping of an extensive ectopic ureterocoele.
Finally, children with spinal dysraphism may unfor-
tunately develop incontinence, despite surgical ef-
forts directed to preventing the inexorable de-
terioration which is so predictable without
operation.

Causes of Enuresis; Retention; and Incontinence

Psychological
Factors

normal habit not acquired;
normal habit broken

Post Traumatic
Sphincter Problems
direct injury:

surgical treatment
of lesions

Urinary Infection
with dysuria,
cystitis

Obstruction to vesical
emptying
in urinary tract

Neurogenic Sphincter
Problems

spina bifida

spinal dysraphism
sacral dysgenesis

Pelvic Mass Lesions

Chronic Renal Failure
with obligatory diuresis
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1.4 Oliguria

In the first 1 or 2 days ot lite the normal infant may
ordinarily excrete and void very little urine. [This is
one very important reason for not undertaking
intravenous urography (IVU) at this early stage —
the contrast medium injected is not cleared in a
predictable way and so there may be no meaningful
outcome to the procedure]. However, in the normal
infant normal volumes of urine are cleared and
voided in the usual way subsequently. Ininfants with
agenesis or severe hypoplasia of the kidneys the
initial anuria or oliguria persists.

Shock states in the perinatal period may reduce
cardiac output with a reduction of renal perfusion;
oliguria then occurs. The reasons for such states
developing are numerous and among them are
hypoxia, diabetes in the mother, traumatic delivery
and intracranial catastrophes in premature infants.
If perfusion of the kidney is diminished for a long
period the kidney may sustain damage and necrosis
of the medulla or tubules. Young infants sustaining
this type of kidney injury have a period of oliguria
which may be quite short.

Older children who develop tubular necrosis have
oliguria which lasts for several days, very much the
pattern of events seen in adults with this problem.
Both infants and children may suffer catastrophes in
which the adrenal is affected and undergo either
haemorrhage or infarction. Oliguria is a feature of
such catastrophes.

Causes of Oliguria

“Normal”
in first 24 hours
of life

Dehydration
vomiting, diarrhoea as in
gastroenteritis,

pyloric stenosis and
colitis:

seriously ill infants

and children:

meningitis, may be with
renal infection

Renal Agenesis and
Hypoplasia

End-Stage Renal Failure
from any cause

Shock States: as in severe
illness, severe trauma,
post cardiac bypass.
intracranial catastrophes

Obstruction in Urinary Tract
€. g. calculus disease

Acquired Kidney Parenchymal Lesions
Acquired Kidney Parenchymal Lesions
Parenchymal necrosis {(e. g. tubular necrosis):
bilateral renal venous thrombosis:
haemolytic uraemic syndrome:
nephritis

However, foremost amongst all the causes of olig-
uria is dehydration. The balance of fluid intake does
not meet what is needed to maintain an adequate
urine flow. Everyone concerned with the care of
infants and young children is aware of the need to
maintain their state of hydration (and not overhy-
dration) because of their distinctive and characteris-
tic fluid compartments. The causes of dehydration
are numerous and well known.

1.5 Polyuria

When the volume of urine cleared by the kidney is
excessive polyuria is present. Very rarely in children
polyuria is a consequence of compulsive and ex-
cessive water drinking which is psychologically
based. Indeed this condition is so rare that in
childhood it is virtually the diagnosis of last resort.
Very much commoner are patients who have dia-
betes. Inadequately controlled diabetes mellitus is
associated with polyuria, acidosis, and dehydration.
Diabetes insipidus is characterised by polyuria and
under the generic heading of diabetes insipidus lie
specific entities: (i) there is a condition with a
dominant pattern of inheritance which is vaso-
pressin sensitive; (i) a group of disorders lying in the
vicinity of the pituitary and hypothalamus are
associated with vasopressin-sensitive diabetes in-
sipidus and they include conditions (which may have
already manifested themselves in another way) such
as craniopharyngioma, pituitary adenoma and his-
tocytosis X; and (iii) nephrogenic diabetes insipidus
is a condition which is not vasopressin sensitive and
which has a dominant pattern of inheritance, most
markedly expressed in males. In this last entity,
nephrogenic diabetes insipidus, the abnormality is
not vasopressin sensitive and polyuria is unre-
mitting: and so the ureters tend to dilate slightly, the
bladder is large, but it empties completely on
voiding.

Polyuria, with a high fluid intake, is seen in infants
and children with renal failure. This polyuria is a
consequence of their obligatory diuresis and they are
vulnerable to any restriction of fluid intake — such as
might be contemplated (mistakenly) prior to high-
dose IVU.

Kidney lesions associated with polyuria include the
later stages of dysplasia of the kidneys and urinary
tract, renal cystic disease (especially infantile poly-
cystic disease and juvenile nephronophthisis),
chronic pyelonephritis, obstructive atrophy and
obstructiveuropathy, and chronic glomerulone-



phritis. Late in the history of a variety of discases
affecting renal parenchyma, polyuria occurs. Me-
dullary necrosis is associated with polyuria because
of loss of so much of the concentrating capability in
the damaged medulla. Polyuria is also seen during
recovery from acute tubular necrosis. In all these
conditions bilateral kidney involvement must be
present for polyuria to develop.

Causes of Polyuria

Innate renal lesions:
dysplasia;
cystic disease

Adrenal Insufficiency
as in congenital
adrenal hyperplasia

Obstructive Uropathy
(ironically, acutely
exacerbated by treatment)

Diubetes Mellitus

Diubetes Insipidus:

variants thereof Late Stage of

Acquired Renal Lesions
obstructive atrophy;
chronic nephritis:
severe bilateral
chronic pyelonephritis

Nephrogenic Diabetes
Insipidus

Evolving Parenchymal Lesions
tubular necrosis;
medullary necrosis

1.6 Haematuria

Haematuria originates in many sites and has many
causes.

The classic picture of acute nephritis is one of
haematuria with smokey urine, periorbital and
generalised oedema, and following a streptococcal
infection. Sometimes there is a frank haematuria
and no clinically detectable oedema. In such circum-
stances changes on the chest radiograph can be
helpful in furthering diagnosis. However, it is always
wise to exclude a neoplasm as a cause of haematuria.
This step can generally be delayed until frank
haematuria has stopped.

Any acute urinary tract infection may produce
haematuria but so can chronic conditions such as
cystitis cystica, eosinophilic cystitis and tuber-
culosis. Overwhelming septicaemias with purpura,
notably meningococcal infections, may be as-
sociated with haematuria. Low-grade septicaemic
states are commonly associated with microscopic
haematuria caused by focal infective nephritis.

Haematuria 5

Haematuria can occur in certain blood dyscrasias in
which there is an abnormality of coagulation.
Among these are haemophilia, thrombocytopenic
purpura, aplastic anaemia and leukaemia; leukae-
mic infiltration enlarges the kidneys.

A kidney mass with haematuria may be due to renal
venous thrombosis, nephroblastoma or a large hy-
dronephrosis. Rarely adult type polycystic disease
presents with haematuria in childhood and pre-
dominant enlargement of one kidney.

Angiomata may be localised within the kidney or
may be part of a more generalised angiomatous
malformation affecting the kidney, ureter, bladder
and other body tissues: occasionally such an angio-
ma will result in haematuria. Urogenital rhab-
domyosarcoma may have haematuria as the pre-
senting feature.

Traumatic renal injury can produce a renal mass and
haematuria. The large hydronephrotic kidney or
nephroblastoma is especially susceptible to trauma
which results in haematuria: in these circumstances
the traumatic episode may be slight or even not
recognised. The adenomyolipomas of tuberous scle-
rosis very rarely cause haematuria in children.

Haematuria may be due to a urinary calculus. A
foreign body introduced into the lower urinary tract
can give haematuria. Very rarely a foreign body,
such as a hair grip, is arrested in the duodenum and
perforates the right renal pelvis to produce
haematuria.

When comprehensive but unrewarded investigation
into the patient with recurrent haematuria has been

Causes of Haematuria

Blood dyscrasia
inherent coagulation
defects:

haemolytic uraemic
syndrome

Nephrolithiasis
Urolithiasis

Inflammation
from any cause

infective: E. coli,
bilharzia;

o non-infective: nephritis
Cystic Discase P

adult type polycystic
disease:
meduallary sponge kidney

Necrosis
papillary necrosis;

haemolytic uraemic
syndrome

Huamartomas

Trauma
to kidney, bladder, Benign Neoplasms
urethra angioma

myoma

Malignant Neoplasms
Wilm’s tumour;
Urogenital rhabdomysarcoma
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made a focal nephritis, diagnosed by renal biopsy, is
not uncommonly held to be the causative lesion.

In summary when confronted by a patient who has
haematuria, medical advisers should think sys-
tematically about possible sites and possible causes
of blood entering the urine. The sites of bleeding
start with the blood flowing in capillaries of the
glomeruli and then lie distally in the nephrons,
extend into the collecting systems of the kidneys and
lie along the length of the urinary tract as far as the
external urethral meatus. At virtually every site the
causes may be encompassed as illustrated specific
examples being given.

1.7 Urinary Infection

An acute urinary tract infection can be diagnosed
when an uncontaminated specimen contains at least
100,000 organisms per millilitre and generally in
fresh uncentrifuged urine 10 or more pus cells per
cubic millimetre are also seen. E. coli is the common
infecting organism in acute infection. Reinfections
are common in paediatric practice and there is a
change in organism type with successive episodes of
infection.

Chronic infections, due to a variety of organisms,
tend to be found in patients with a sizeable residual
urine volume: these infections are frequently clini-
cally silent but may result in increasing nephron
damage. Tuberculosis of the urinary tract is now
rare in many countries.

Even with an acute urinary infection, symptoms
suggesting infection of the urinary tract may be in
abeyance. For example in an acute infection, the
infant or toddler may simply appear unwell and
miserable and fever may be absent. Alternatively
there may be anorexia, vomiting and diarrhoea or
features of a respiratory infection. Severe urinary
infections can precipitate renal failure especially
when kidney function has already been compro-
mised by an underlying abnormality. In very young
infants a concurrent septicaemia may produce
jaundice.

Acute urinary infection in older children is as-
sociated with a more distinctive symptomatology,
namely dysuria, frequency and pain and discomfort
in the suprapubic region. Pain in the loin, a tender
slightly enlarged kidney and fever suggest acute
pyelonephritis.

In the first year of life the incidence of urinary
infection is about the same in the two sexes but in

childhood girls are very much more commonly
affected than boys. Surveys in children have shown a
high incidence of urinary infections, as many as 1 in
20 girls being affected in their years at school.
Many patients who develop urinary infection have
no radiologically demonstrable pathological chan-
ges in the kidneys, ureters or bladder; however,
many patients do have primary developmental ab-
normalities which predispose to infection.

Urinary calculi are commonly associated with uri-
nary infection. Recurrence of infection in a patient
who has had a calculus or calculi removed is
frequently a sign of recurrence of calculus disease.
Children who have a compromised immunological
status (for example children with leukaemia under
treatment) may develop urinary infection. Some-
times such infections are by uncommon pathogens
such as Monilia or Actinomyces.

1.8 Pain

Evaluating pain in children 1s complex ; it requires a
careful assessment of the clinical history, obser-
vation of the infant or child and clinical exam-
ination. Infants are incapable of saying they are in
pain and toddlers have difficulty in communicating
how they feel. Pain may be associated with crying,
vomiting and pallor. Despite these difficulties cer-
tain patterns of pain associated with underlying
problems in the kidney and urinary tract can be
reasonably well defined.

Acute pyelonephritis so often produces pain in the
flank in a child, but in infants such a continuing pain
isimpossible to assess. Pain may notbe a particularly
distinctive feature either of renal abscess or peri-
nephric abscess — indeed the very absence of pain in
these conditions can be misleading to the unwary.
Dysuria may be a feature of urinary infection in a
child. Male infants may cry on voiding if they have a
meatal ulcer and, if there is soreness in the perineum
of a girl, voiding concentrated urine can be painful.
Pain on micturition does not necessarily point to
urinary infection being present.

Protracted obstruction in itself is not painful unless
some complication has arisen. However, acute ob-
struction is almost always painful whatever the
cause; intermittent pelviureteric junction obstruc-
tion, ureteric colic due to either calculus or blood
clot and acute retention all cause pain. Localization
of the level and side of acute obstruction is impor-
tant; when renal involvement is suspected it is often
best to investigate during the acute episode of pain if
this is otherwise reasonable and possible.
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1.9 Complexes, Syndromes and Conditions
of a Generalised Nature

As a very broad generalization maldevelopment
somewhere may be associated with maldevelopment
elsewhere. Congenital heart disease, oesophageal
atresia, anorectal anomalies (Fig. 1.1) radial bone
hypoplasia (Fig. 1.2) and vertebral anomalies can
have concomitant renal problems. In congenital
heart disease a post-angiocardiographic film of the
urinary tract will show most lesions. Anorectal
anomalies are associated with a higher incidence of
fused crossed ectopia and single kidney quite apart
from fistula to the lower urinary tract. Radial
hypoplasia is associated with duplication of the
kidney. A single umbilical artery is associated with
urinary tract problems, but it is doubtful if it is worth
ever considering investigating infants solely because
of this feature. Patients with chromosomal abnor-
malities tend to have a specific predilection for
abnormalities of varying degrees of severity in many
systems (Fig. 1.3).

Patients with certain syndromes also may have
urinary tract anomalies. The range is almost infinite.
Ehlers-Danlos syndrome is associated with mega
ureters; Laurence-Moon-Biedl syndrome has a high
incidence of renal dysplasia (Fig. 1.4). Klippel-Feil
syndrome is quite commonly found with renal

Fig. 1.1. Anorectal anomaly. At IVU there is a large
solitary left kidney present. Fused crossed ectopia is also
a quite common anomaly found with anorectal anomaly.
Very frequently there is an absence of the lower part of
the sacrum and vertebral anomalies, as shown here,
higher up the spine. At micturition cystourethrography
vesico-ureteric reflux may be shown

agenesis or other anomalies; the short rib poly-
dactyly syndromes, including the Ellis van Crevald
syndrome, are associated with renal dysplasias, as in
Jeune’s asphyxiating thoracic dystrophy; Fanconi’s
syndrome is seen with a variety of renal malfor-
mations (Fig. 1.5); Meckel’s syndrome and the
Beckwith-Weidemann syndrome are both character-
ized by cystic disease of the kidneys; Bechet’s
syndrome is noted for late veno-occlusive disease
which may involve the kidneys. Further details of

Fig. 1.2a,b. Thrombocytopenia — absent radius syn-
drome (TAR syndrome). a There is an absent radius but
no associated absence of the thumb. The forearm feature
was bilateral. b IVU shows a duplex left kidney but also a
hip dislocation — another a feature of the TAR syndrome
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Fig. 1.3. Turner’s syndrome. The IVU in this child shows
fused crossed ectopia. Abnormalities of development in
this condition are recognisable on clinical examination
and there is a multiplicity of skeletal anomalies which are
present in varying number and degree

Fig. 1.4. Laurence-Moon-Bied| syndrome. In this obese
child there are characteristic changes in the hands with
bilateral post-axial polydactyly. At IVU the kidneys
showed dysplastic changes

these and other conditions may be found among the
suggested reading list.

Many conditions are characterized by a disease
process which may affect the kidneys. Polyarteritis
nodosa may show a concomitant nephritis, renal
arterial stenoses, or a perinephric haematoma. Sys-
temic lupus erythematosus may evolve to a nephritis
or nephrotic syndrome. Neurofibromatosis may

Fig. 1.5a,b. Fanconi’s anaemia. a In the forearm there is
an absence of the radius and the thumb. This anomaly
affected both forearms. b IVU in same patient shows on
this tomographic cut two pelvic kidneys, which is but one
anomalous variant affecting the urinary tractin Fanconi’s
anaemia

affect the kidneys and urinary tract in a variety of
ways; for example, it may produce renal artery
stenosis, it may infiltrate the bladder or ureteric wall
or it may produce enlargement of genital structures.
Tuberous sclerosis can be complicated by hyperten-
sion with angiomyolipomata or cystic disease of the
kidneys. Amyloidosis with renal enlargement and
rather rigid ureters is a late sequel in protracted sep-
sis (very rare these days), juvenile rheumatoid arthri-
tis or familial Mediterranean fever. Thalassaemia
may precipitate renal papillary necrosis. Of the
parasitic diseases, hydatids notably infect kidneys
(and the liver and lungs) and bilharzia affects the
bladder wall and lower ureter; malarial disease
affects kidneys in one of three ways — Plasmodium
falciparum infection interferes with the microcircu-
lation producing oliguria and anuria, and glomeru-
lonephritis and the nephrotic syndrome may be



sequelae to malarial infection in children. Caffey’s
infantile cortical hyperostosis may be associated
with vesico-ureteric reflux, but it is seldom worth
looking for this feature unless there are further
reasons to indicate this should be done.

Two final conditions are important and worthy of
mention. Pneumothorax is quite a common inciden-
tal radiographic feature in the newborn; but if a
pneumothorax is severe it will in itself precipitate
investigation of the chest and in these circumstances
itisimportant to consider that, in the male, posterior
urethral valves could be present. In radiographic
studies of the urinary tract it is always important to
scrutinize the entire radiograph; Perthe’s disease of
the hip can be found together with a wide variety of
urinary tract lesions.

1.10 Conclusion

This presentation of the clinical context is inevitably
a sketch of salient and relevant features, of a very

wide variety of conditions. Nevertheless it is impor-

tant to have an outline to begin with and we give a
list of general reference texts which may be used to
complete the picture of the clinical detail. However,
in general, presenting features discussed in this
section should be sufficient to begin the analysis

Conclusion 9

which leads to the most appropriate lines of
investigation.
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2.1 Introduction

The techniques employed in radiological exam-
ination of the kidney and urinary tract in children
produce the information for diagnosis. In the vast
majority of patients the studies can be performed
without either sedation or anaesthesia. A successful
outcome to a procedure is related in part to the level
of co-operation from the child. It is wise to accept
that most children embark on a study without really
wanting to do so.

In order to establish contact with the parent and
child it is essential to talk to them from the outset
and throughout the procedure. Some of this con-
versation is devoted to describing, in limited detail,
what a procedure entails as far as the child is
concerned. When the child is able to understand
reasonably well (from the age of 5 years or so
upwards) it is best to talk directly with the child.
After all he is to undergo the procedure and it is his
co-operation that is required. Much of the con-
versation can be diversionary and about interesting
events in a child’s life such as birthdays, holidays,
play, books, television programmes and so on. In the
present climate where marriages are no longer like a
pair of working boots, durable but sometimes un-
comfortable, it is wise not to talk in a direct way
about the family situation. It is also best to avoid all
discussion of school life, which can be a very
sensitive subject.

From time to time it is good policy to tell the child
and his parent how well the procedure is going. It is
important to emphasise success for this gives en-
couragement and reinforces the motivation to suc-
ceed further. After a procedure hasbeen completed a
child needs to be reassured and indeed congratulated
on the way he has helped. Many children react
visibly with a sense of pride and achievement. This is
important because examinations of the same or
related type may have to be repeated.

Initial fears, self doubts and lack of confidence on
the part of the child need to be replaced as the
procedure goes forward by a sense of success in
overcoming them. In no circumstances must a
radiologist or his assistants display any anxiety
about the future course of events, no matter what
may be felt inwardly. A sense of anxiety or despair is
rapidly and often imperceptibly communicated to
the child and his parent. A smiling face and eye-to-
eye contact are a great source of reassurance to a
child and his parent. A pompous authoritarian
manner is prejudicial to success.

Modern medical technology has provided an ever
widening range of techniques for investigation. It is
important to think rationally and incisively about
the indications for using a particular technique and
the information which is likely to accrue from a
particular procedure. It is preferable for a clinical
question to be formulated and an answer sought,
rather than embark on a certain investigation which
may have been vaguely requested and thought of in
terms of something to do. It should not be difficult to



think of the most appropriate investigation if there is
a clinical question which needs to be answered. At all
times it is essential to employ the technique which is
most likely to be decisive in furthering clinical
management of a child’s problem. Some knowledge
of probabilities is helpful but although cases may
have similarities they also have differences and so a
routine type of approach is often not wise. Each case
must be assessed on the basis of a sensitive exam-
ination of the facts and there must be a clear-cut
clinical indication for a study.

2.2 Intravenous Urography (IVU)
2.2.1 Preparatory Details

In infants and children, because an injection of
contrast medium commonly produces transient nau-
sea the stomach should be empty at the start of the
procedure. However, young patients tend to develop
hypoglycaemia rather easily. It follows that in
infants it is best to plan the urogram for a time when
a feed i1s due and only delay the feed for a short
period after injection. In children a period of
abstinence from solid food of about 5 h is sensible in
most instances.

Dehydration is not an objective in any part of this
regime and indeed an adequate state of hydration is
essential in young infants because the injection of
contrast medium represents a considerable solute
load and it has a sharp diuretic effect.

Shortly after the contrast medium has been injected
it is usual to give a feed to an infant or a fruit
flavoured drink with added glucose to a child. The
presence of some gastric content often makes it
easier to demonstrate the kidneys during excretion
of the contrast medium.

In general there are two sets of circumstances in
which it is important to be especially careful about
the status before and after injection. The problem in
diabetes mellitus is one of maintaining an adequate
control over the clinical situation when there has
been a limited calorie intake. In severe diabetics it is
best to err on the side of a hyperglycaemia, even with
mild acidosis, because diabetic coma and dehy-
dration take a considerable period of time to develop.
It is preferable to omit or diminish and certainly
delay a dose of insulin and plan to carry out the
urogram at the start of the day. Failure to alter the
insulin dosage combined with abstinence from food
may result in hypoglycaemic coma of rapid onset.
The second set of circumstances is when kidney
function is such that there is uncontrolled loss of
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water and cations. For example, many children who
either have incipient or developed renal failure are in
such a state, and, in children with nephrogenic
diabetes insipidus there is an obligatory water loss; it
is crucial in these circumstances to maintain an
adequate fluid intake before the urogram and to
resume fluid intake as soon as possible after the
contrast medium has been injected.

In all children it is helpful to have the colon empty of
faecal residues to improve the chances of achieving a
good excretion series of radiographs. A dose of a
mild purgative on the evening before the study can
help. However, improved imaging techniques have
meant that there is no need to be obsessional about
this aspect.

2.2.2 Injection of Contrast Medium
and Radiographic Techniques

2.2.2.1 Preliminary Film

Radiographs of the abdomen and pelvis are taken
before the injection is carried out. Fast screen-film
combinations, such as the rare earth intensifying
screens with their matching film, reduce the ra-
diation dose. The gonads in the male can be directly
protected. This is not possible in girls and so it is wise
to use about 85 Kilovolts (KV) when radiography of
the pelvis isbeing carried out because the gonad dose
is reduced at a high KV. However, such a style of
work does demand a flexible control of exposure
factors. It is important to scrutinise all details on
preliminary films. Spinal lesions are especially im-
portant in urology and findings on the antero-
posterior projection such as dysraphism. spina bi-
fida, sacral agenesis and invasive posterior abdomi-
nal wall lesions such as neuroblastoma may neces-
sitate lateral radiographs at this stage.

2.2.2.2 Injection of Contrast Medium

An intravenous injection of contrast medium must
be obtained. The veins of young patients can present
problems. The back of the hand and the dorsum of
the foot often have veins which are easily seen and
can be used. It is helpful to inject the contrast
medium through a standard scalp vein needle be-
cause minor movement of the extremity after the
injection has started does not then result in the
needle coming out of the lumen of the vein. If, once
the needle has passed through the skin surface, an
assistant gently pulls back on the syringe which
contains the contrast medium and which is con-
nected to the scalp vein needle, blood enters the
plastic tube the moment the needle enters the lumen
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of the vein. It is usually best to use a small elastic
tourniquet to produce venous congestion in the
extremity rather than the uncertain hand of an
assistant around the child’s limb.

If neither the hand nor foot carry a suitable vein then
it is possible to resort to a vein in the antecubital
fossa; the brachial artery must be avoided and the
venous channel leading to the cephalic vein is usually
the easiest to enter. In very young infants the veins of
the scalp are excellent alternatives. The external
jugular vein can be used but carries a risk of
pneumothorax. The femoral vein must be avoided
because cases of septic arthritis of the hip may
tragically follow the use of this site.

The dose of contrast medium to be injected depends
on the age and size of the patient and the clinical
circumstances. However, in young infants little if
any advantage ever accrues from doses in excess of
15 ml of 459 Hypaque (sodium diatrizoate) when
the weight is 3 kg. For smaller infants doses less than
this are appropriate. lodinated salts have a high
osmolality [1, 2], but a non-ionic contrast medium
such as metrizamide has theoretical and practical
advantages for it reduces the solute load for a young
infant. Above 5 kg doses based on a schedule of
3 ml/kg of body weight may be given. Sometimes,
because of technical problems with the injection,
only a very few millilitres of contrast medium may be
given, but it is always worthwhile taking a radio-
graph subsequently because an adequate urogram
may be obtained. Doses of contrast medium given in
excess of this scale have produced serious sequelae.
However, in an older child higher total doses of
contrast medium can be given and it is important to
do this when there is an element of renal failure
present if a satisfactory urogram is to be obtained.
Doses at a rate of between 2 and 3 ml per kg can be
given with safety. It is not necessary to use such high
doses in ordinary circumstances when between 20
and 40 ml of 45% Hypaque generally suffice.
Intravenous infusions of contrast medium are not
needed and a single rapid direct injection brings this
phase of the study to a prompt conclusion and this is
welcomed by all children.

Abnormalities of the urinary tract are sufficiently
common to make it worthwhile using the renal
clearance of contrast medium injected primarily for
other purposes. A radiograph of the abdomen and
pelvis after angiocardiography or intracranial an-
giography or CT scanning can be very revealing.

2.2.3 Cavography

If a mass is palpable in the abdomen, especially if it is
suspected that the mass may be malignant and

associated with renal venous thrombosis, then opac-
ification of the inferior vena cava can be helpful [3].
It will show its position, patency, or extension into
the lumen of any thrombus or tumour.

A cavogram may be obtained by exposing a radio-
graph placed under a young child as contrast medium
is injected into the vein of a foot. For this procedure
to be successful the child must be breathing quictly
and not breathholding or crying. These last activities
prevent free flow of contrast medium up the cava
and into the thorax. A tourniquet should be placed
on the opposite thigh to reduce the dilution of
contrast in the inferior vena cava.

2.2.4 Timing of Radiographs

In studies of the urinary tract in children there is no
such thing as a routine study. Each child’s exam-
ination must be dictated by the indications for the
study and the ease with which the examination
proceeds. It is best when carrying out the first IVU to
secure a study which provides good detail and which
is definitive.

2.2.5 Radiographs of the Kidneys

Contrast medium injected intravenously is normally
cleared through the glomeruli and when the filtrate
passes down the tubule water is resorbed [4]. And so
as the contrast medium enters the collecting system
of the calyces it produces the density necessary to
give the anatomical delineation [5].

In the early phase of the urogram the kidney
parenchyma is most heavily opacified. This neph-
rographic phase is useful for defining the contours of
the kidney, its size and any abnormalities of shape
and position. The nephrogram is especially impor-
tant in the study of patients who have haematuria
which may be due to a tumour. A relatively dimin-
ished nephrographic density may be a feature of a
diminished renal blood flow in a child with unilateral
renal disease and hypertension. The best nephro-
graphic film is obtained some 2-3 min after complet-
ing injection of the contrast medium. The nephro-
graphic phase occurs whilst there is still an excep-
tionally high level of contrast medium in circulation.
In young infants cystic lesions in the abdomen are
not opacified and vascular lesions such as angiomas
are heavily opacified, relative to other structures
such as the liver: these are the two aspects of the
total body opacification effect [6]. It follows that
when a mass lesion is present some indication as to
its content may be obtained by exposing a radio-



graph within the first 2-3 min after injection of the
contrast medium. This feature of a urographic study
is only of use in young infants: simple radiography
in older children will not demonstrate the phenom-
enon. However, this phenomenon is used consis-
tently in image enhancement in CT scanning.

About 5 min after completing the injection of the
contrast medium the calyces and pelvis, when of a
reasonably normal size, begin to opacify. If gut
overlies and obscures the kidney and calyx detail,
then it is usually important to take steps which
minimize this problem. The renal window view does

c,d

Fig. 2.1. a The problem of gas in the gut. Preliminary film
shows the renal areas obscured by gas. b Renal window
view with beam directed caudad shows a calculus in the
vicininity of the right kidney. ¢ IVU, antero-posterior
projection, presents the same problems as in a. d IVU
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this by imaging the kidneys against the relatively
homogeneous background of the liver, heart and the
upper part of the stomach which can usefully be
filled by a drink of water. The X-ray beam is centred
on the xiphisternum and angled towards the feet of a
supine patient at about 30°/35° degrees to the
vertical (Fig. 2.1). It is necessary to increase the KV
for the renal window view exposure (by about 15-20
KV)in order to penetrate the additional tissue mass.
The reverse of this view can be taken when the
patient is prone and the beam is angled cephalad to a
similar degree. The distortion of the kidney and its

renal window view shows no calculus visible. The
contrast medium cleared through the kidney produces a
similar density to that of the calculus. The inference is that
the calculus lies in the colecting system of the small right
kidney



14 Investigatory Techniques

structure is not so great as might be expected because
the long axis of the kidney normally lies obliquely in
the posterior abdominal wall.

The second step which can be taken to minimize the
effect of gut overlying the kidneys is tomography.
For this it is best to use a narrow arc of swing of
about 157 when using a linear tomographic unit.
Although in theory it is essential to have no move-
ment during tomography, a skilled radiographer can
usually obtain entirely satisfactory results in infants
and children. Three well-selected cuts at intervals of
1 cm generally provide adequate detail.

Oblique views of the kidneys can sometimes be
helpful in detecting localised scars or kidney masses.
The X-ray beam can be used in a vertical projection
or with an angulation similar to that of the renal
window view. Prone and erect projections may also
be helpful (Fig. 2.2).

Calyces may not be identifiable in end-stage kidney
failure from any cause and the kidney may not
function in extensive and severe renal venous throm-
bosis, Wilm’s tumour and traumatic injuries to the
vascular pedicle. When the calyces are grossly
dilated, as in severe obstructive uropathy, their
opacification may be very faint and it may take a
long time (several hours) to develop. If the calyces
and pelvis are not opacifying rapidly this is a good
reason to transfer the patient to the ultrasound table.
Ultrasound may resolve the morphological problem
and the subsequent radiographic approach appro-
priately modified.

In post-operative or repeat IVU studies a very
limited examination is often appropriate. One radio-
graph taken some 10-15 min after the injection of
contrast medium will often demonstrate all that is
necessary to show an unchanged or improved status
in the urinary tract.

When contrast medium is not cleared by the kidneys
thenit is cleared vicariously through two routes. The

Fig. 2.2. a Follow-up urogram in a child referred for study
following previous pyeloplasty. The radiograph at 5 min
after start of injection of contrast medium shows a normal
right kidney and collecting system. On the left side dilated
calyces are beginning to opacify. b Radiograph with
patient prone shows the left pelvis opacified but no
opacification of the ureter distally at 25 min. ¢ Erect
radiograph at 35 minutes shows much of the contrast
medium has cleared from the right pelvicalyceal system.
Onthe left side there is layering of contrast medium in the
lower calyces and contrast medium opacifying the pelvis.
In a previously unoperated situation it would be reason-
able to infer that pelvi-ureteric obstruction is present.
However, post-operative study like this raises the ad-
ditional question — is there simply residual dilatation in
the upper tract? See Fig. 2.15, same case

liver is the more important and the biliary tract may
opacify several hours after the injection. This feature
may be striking in cases of acute urinary tract



obstruction even when this is unilateral. In young
infants the wall of the gut may sometimes opacify
early in a urogram and it is likely that this provides
the second route for clearance. Contrast medium in
the large intestine can be seen between 12 and 24 h
after injection in some children with renal failure.

2.2.6 Imaging of the Ureters

Ureteric opacification begins as contrast medium
passes into the ureters from the renal pelves and
calyces. If it is important to see ureters throughout
their length then a relatively high dose of contrast
medium must be given. Normal calibre ureters may
be studied for displacement by antero-posterior,
lateral and oblique views covering the whole length
of the ureter. Such studies are useful in defining
posterior abdominal wall and pelvic lesions. In
children with duplications of the urinary tract where
there is a possibility of ureters joining at some point
before reaching the bladder a limited fluoroscopic
study with spot films can often localize the point at
which they join. A very large dose of contrast
medium will produce a mild dilatation of ureters
which are then filled throughout their length. A
slight increase in size of the calyces and pelves can
also be seen in these circumstances. A ureter filled
throughout its length can sometimes be a feature of
vesico-ureteric reflux or diabetes insipidus. Widen-
ing of the ureter occurs when a ureter is obstructed
distally. Peristalsis in a wide ureter can be observed
at fluoroscopy which can show the peristaltic wave is
less able to obliterate the ureteric lumen as it
progresses distally towards the point of obstruction.
Such ureteric incompetence is seen in a single ureter.
When two ureters in a duplex system join above the
bladder the two limbs may dilate and the single
ureter distally remains undilated — peristalsis in one
limb of a double ureter results in filling and disten-
sion of its companion, this being inter-ureteric
reflux.

2.2.7 Lower Urinary Tract

Radiographs of the lower urinary tract are generally
taken considerably later than those for the upper
urinary tract, often at about 10-15 min after in-
jection ceased. At this time the bladder is usually well
opacified. If the child has remained quiet in the
supine position urine carrying contrast medium
tends to produce a layer posteriorly in the bladder
cavity. It is important not to infer too much about
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bladder capacity in these circumstances. Neverthe-
less intravesical lesions such as polyps, tumours and
ureterocoeles can be well shown. Lateral projections
of the bladder can be important in differentiating
such intravesical lesions from gas in the rectum
which can produce a deceptively similar appearance.
Usually the low density of the image produced by
contrast medium in the bladder prevents useful
views of the urethra being obtained when voiding
during a urographic series. A post-micturition film is
often not a necessary feature of a urogram in a child.
When haematuria is present as a dominant clinical
feature a post-voiding radiograph of the bladder is
important for intra-vesical lesions such as polyps
and non-opaque calculi may be evident only on such
a projection.

2.2.8 Reactions to Contrast Medium

These may be trivial such as transient vomiting,
sneezing, sensations of warmth, conjunctional red-
dening and mild discomfort along the limb as
contrast medium is being injected.

Rather more seriousis urticaria which developsboth
in those with a background of sensitivity to foods
and drugs and other potential allergens and in those
who have no antecedent history of sensitivities.
Usually a few urticarial spots disappear sponta-
neously. If urticaria is more extensive and distresses
the child chlorpheniramine injection (10 mg in 1 ml)
may be given intravenously or intramuscularly at a
dose of up to 5 mg up to 2 years of age and up to
10 mg at ages ranging to 10 years and above.
Reactions to contrast medium may be of a different
and more serious character and even threaten life.
Cardiac arrest may occur and this is treated by a
sharp blow on the chest followed by external cardiac
massage with oxygen administered and an open
airway maintained. Additional help from a re-
suscitation team must be obtained quickly.

Severe vasovagal inhibition may develop even when
the patient is supine (‘“‘faint on the flat”). Such an
episode may be protracted and the best plan is to
place the patient on to a tilting table in the Radiolo-
gy Department and then incline the table top so the
head is downward and venous return from the lower
lims and trunk is improved. For a serious vasovagal
attack following an injection of contrast medium it is
possibly not wise to give intravenous atropine. Do
not return the child to the horizontal or erect
position before it is clear he has fully recovered from
his vasovagal attack ; this can take quite a long time.
The third form of serious reaction is the onset of
severe airways obstruction. This may be due to
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laryngospasm as a part of angioneurotic oedema or
it may be caused primarily by bronchospasm. There
may be no audible wheezing because air entry is very
severely limited indeed. Rapid onset of laboured
breathing with pallor and central cyanosis can be the
most important clinical observations to be made.
These features may occur during, immediately fol-
lowing the injection or sometimes after injection of
contrast medium. Treatment is an urgent matter.
Oxygen delivered at a high rate of flow is essential
throughout. Isoprenaline given intravenously is a
potent bronchodilator and vasopressor and general
antagonist for such a sensitivity reaction. Intrave-
nous chlorpheniramine and hydrocortisone can use-
fully follow the isoprenaline if relief is not rapid.
Finally, there is much to be said for giving amino-
phylline (3 mg/kg) by slow intravenous injection for
a child with bronchospasm; the side-effects of this
drug are not usually a problem and in addition to its
bronchodilator characteristics it also improves car-
diac output.

Many of the foregoing details suggest it is wise to set
up an intravenous drip in a patient who has a
reaction to contrast medium and it is better to do this
sooner rather than later. This step obviates the need
to search repeatedly for veins which can become
increasingly difficult to enter if the reaction
progresses.

One of the facets of reaction to intravenous in-
jections of contrast medium for IVU is that their
onset is completely unpredictable. The most serious
reactions, fortunately very few, have in our ex-
perience occurred in children with no history of
sensitivity in themselves or in their family. It is
logical to deduce that no system of testing for
sensitivity to contrast medium or desensitization
regimes will be of value.

Many children who undergo intravenous urography
or any other procedure in a Radiology Department
have dilatation of the pupils. This probably reflects
the fear which they experience. It is noteworthy that
two groups of patients seldom experience reactions
to contrast medium — the very young infant and
patients undergoing angiography who are either
very heavily sedated or who have a general anaes-
thetic. Perception of events and fear are frequently
the trigger for the onset of reactions in a child.
Certain studies in adults support this view [7, 8].
It is current practice, therefore, to avoid anything
which might increase apprehension on the part of
the child or the parent. In particular no enquiry is
made about sensitivities and no description of
possible side-effects is made to either parent or child
before the IVU. When a minor reaction occurs it is
best to reassure the child and the parent and indicate

that the unpleasant episode will rapidly pass off. It is
wise to stay with the child and parent and chat in a
superficially lighthearted way with the child and
parent until it is apparent which way events are
moving; an astute perceptive observation is essential
if serious events are to be recognised sooner rather
than later.

If a child has atopy and has asthma it is important
not to undertake an IVU when there is broncho-
spasm. Clinical colleagues must make every effort to
control airways obstruction beforehand. Such chil-
dren often seem especially apprehensive and some
sedation can be a helpful adjunct. Consideration
should be given to the possibility that the clinical
question can be answered by another investigation
without the need of intravenous contrast agents.

2.3 Micturition Cystourethrography (MCU)

Contrast medium may be introduced directly into
the bladder via a urethral catheter, a suprapubic
catheter, a suprapubic needle puncture and from the
upper tract via a nephrostomy tube or similar
diversion intended primarily for drainage.
Urethral catheterization is the most widely practised
of these methods. A 6 FG Jacques catheter is passed
through the urethra with the strictest aseptic me-
thods possible. The advantage of a catheter of this
size is that, when lubricated with a jelly containing
local anaesthetic, it will pass through the sphincteric
zone of the urethra with little discomfort even
though the voluntary muscle is contracted. If in boys
the catheter does not pass easily because of volun-
tary sphincter spasm, a few seconds pause in the
procedure is sufficient for the muscle spasm to abate.
The catheter then moves easily into the bladder:
voluntary perineal muscle contracture cannot be
maintained for more than 10 s or so. It is imperative
tobe as gentle as possible when introducing catheters
into the bladder; firstly, it is kinder for the child and
secondly, the chance of obtaining good co-
operation during voiding is enhanced.

Suprapubic puncture has its devotees [9]. It has the
advantage of being a sterile procedure. Urine sam-
ples appropriate for bacteriological study can be
obtained before beginning the radiological survey.
Abdominal wall tissues in the midline and anterior
to the bladder are infiltrated with local anaesthetic.
The needle required for introducing the contrast
medium is then passed through the anaesthetized
zone into the vesical lumen. Fluoroscopic control of
the procedure canbe used and the bladder lumen can



be localized by contrast medium given previously at
urography. A better alternative is to use ultrasonics
to define bladder position and volume.

In some young patients temporary drainage by
suprapubic catheter may have been instituted by
clinicians and obviously the bladder can be filled
through such a drain or by a drainage tube in-
troduced into the upper tract. In these circumstances
there is knowledge of obstruction in the urinary tract
before cystography is undertaken.

The bladder may be filled by a freely running drip
system like that used in general intravenous work.
Alternatively it may be filled from a 50-ml syringe
which is repeatedly recharged. Dilute contrast me-
dium is used and 17%, Hypaque is reasonably non-
irritant when voided ; a catheter lubricated with local
anaesthetic desensitizes the urethra to some degree.
The filling procedure is controlled by intermittent
fluoroscopy.

2.3.1 Radiological Technique at MCU

The capacity of the bladder should be recorded.
There are no satisfactory normal values of capacity
at different ages, but it soon becomes clear if the
bladder has an excessively large capacity or a
particularly small capacity.

The bladder normally has a smooth contour when
full. Irregularity caused by trabeculation and the
presence of many small saccules are features of
detrusor hypertrophy. By rotating the child into
oblique and lateral positions saccules and diverticula
lying posteriorly and in the vicinity of the uretero-
vesical junction may be seen. These may either
obstruct a ureter or be associated with vesico-
ureteric reflux. They may become evident only when
micturition takes place.

As vesical filling proceeds the moment when voiding
is about to start is approached and the most
proximal part of the urethra then opacifies with
contrast medium. Vesical distension leads to in-
hibition of the most proximal part of the sphincter. If
proximal urethral filling occurs early in the vesical
filling this suggests a neuropathic bladder may be
present. In the ordinary way, however, proximal
urethral filling together with curling of the toes are
signs that micturition is about the begin. If the
patient is old enough he should be encouraged
verbally to begin to void. When this starts a urethral
catheter can be gently withdrawn without discom-
fort. In young infants the act of micturition can
frequently be precipitated by removing a dummy
from the mouth.
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There are many instances, however, when the child is
unable to micturate immediately after the catheter
has been withdrawn. It is then essential to be
extremely kind, patient and optimistic and to induce
an atmosphere which is unhurried. A child given a
drink will often relax quickly. An infant who is fed
will often void soon after starting his feed. If little
children can play with toys floating in water in a
washbasin, the urge to void often becomes
irresistible.

During voiding, views of the urethra must be
obtained when there is a rapid outward flow of
contrast medium (Fig. 2.3). This is essential if a
possible urethral obstruction is not to be missed. A
ureter draining ectopically into the urethra may fill
by reflux when micturition occurs and this may be
the only time when such a ureter is seen. In boys the
various components of the genital tract may opacify
and thisisalways abnormal. As micturition comes to
an end, there may be an undrained vesical residue —
this is not necessarily abnormal in nervous sensitive
children. Most infants, once micturition has started,
empty the bladder completely. The bladder may

Fig. 2.3. Voiding cystogram in a boy. The bladder is
emptying rapidly. The most proximal normal feature of
note in the urethra is the negative image due to a
prominent verumontanum. Sphincteric relaxation occurs
at many levels during voiding and when inhibition is
complete rapid flow of contrast medium through the
sphincteric zone permits full urethral opacification. Note
that, at the level of the pelvic floor there is a transverse
impression in the contrast medium, a nokmal feature
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contract asynchronously to produce a contraction
ring as emptying proceeds (Fig. 2.4).
Vesico-ureteric reflux is a common but abnormal
event. During cystography local abnormalities such
as saccules in the vicinity of the ureterovesical
junction must be sought. If reflux does take place it is
important to observe the extent of ureteric filling and
if calyx opacification occurs a radiograph of the
event should be taken. Local views of the kidney
may then show intrarenal reflux.

Although fluoroscopic control of cystography is not
practised in all centres we believe that it has a most
important role. However, fluoroscopy must be car-
ried out intermittently and restricted to that which is
strictly necessary; fluoroscopy can represent an
important fraction of the total radiation dose incur-
red. A high-quality videotape recorder minimizes
the need for films Film records, of either fluoro-
graphic or X-ray film type, should be limited to the
positive findings in a study. Fast screen/film combi-
nations must be used to reduce radiation dosage.

2.3.2 Equipment

If there is a choice of equipment a system with an
overtable X-ray tube and an undertable intensifier is
to be preferred. With such a system one can see and
talk to the patient throughout the procedure. The

Fig. 2.4 a, b. Vesical contraction ring. a At MCU atthe start
of voiding the bladder contour is smooth and round. The
urethra is normal. b As voiding proceeds a contraction
ring develops. There is narrowing of the lumen of the
bladder with an upper, densely opacified larger com-
ponent and a smaller, less densely opacified lower

standard overtable intensifier is a terrifying piece of
equipment for a child: this is because the intensifier
comes close to the child (often nearer than the near
point of vision) and it produces acute sensory
deprivation. Fluoroscopic units specially designed
for work with children have an overtable X-ray tube,
but the small size of such a table can restrict the
patients who can be studied to those who are young
and small.

2.3.3 Sedation and Anaesthesia

In especially anxious children sedation may be
employed. But it is only the very exceptional child
who is unable to co-operate to a degree which
precludes any useful information being obtained. In
these circumstances it may be necessary to resort to
general anaesthesia: the bladder may then be filled
easily. Under quite deep anaesthesia pressure by a
protected hand on the bladder will express contrast
medium down the urethra. Occasionally when pos-
terior urethral valves are suspected in a young boy
an elective study of the bladder and urethra may be
carried out under anaesthesia. Diathermy of the
valves can then follow under the same anaesthetic.
For this and other types of procedure requiring a
general anaesthetic it isbest to have a special room in
which fluoroscopic facilities and allied image re-
cording techniques are available.

a, b

component, between which lies the contraction ring. At a
superficial glance, these features might give the im-
pression of some sort of deformity of the bladder base
and proximal urethra. The key to avoiding any such error
lies in defining the vesico-urethral junction; this infor-
mation can be derived from a



2.4 Injection Urethrography

The role of such studies is very limited in paediatric
uroradiology. Urethrography is used to define stric-
tures in the male urethra. Almost invariably such
strictures originate from a traumatic episode or arise
as a complication following some form of urethro-
plasty in a male.

An end-hole catheter of appropriate size (6 FG) is
introduced into the urethra and warm viscous
medium (e. g. Umbrodil viscous) or Hypaque may be
injected slowly into the urethra (Fig. 2.5). Radio-
graphs of an anterior urethral stricture are obtained
and its site and length determined by this method.
Some of the injected contrast medium may enter the
bladder.

Injection urethrograms are generally not appro-
priate for the investigation of the many causes of
obstruction which may affect the urethra in infants
and children.

Fig. 2.5. Injection urethrogram showing the prominent
verumontanum. There is a change in urethral calibre in
this boy at the level of the pelvic floor; this is a normal
feature which may also be visible at MCU

2.5 Retrograde and Descending Contrast
Medium Studies by Injection

Contrast medium, diluted as for cystography, may
be injected into the upper urinary tract. Nephro-
stomy, pyelostomy and ureterostomy all provide
routes for injection. Direct puncture into the kidney
calyx in hydronephrosis under heavy sedation or
anaesthesia may also be carried out — the so-called
antegrade pyelogram. Retrograde pyelograms are
an exceptional event these days and for these
contrast medium is injected through a catheter
passed into the ureter (Fig. 2.6).

The purpose of such injections can be to (i) define
structures which otherwise are not shown (e.g.
hydrocalicosis), (ii) demonstrate levels of obstruc-
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Fig. 2.6. Retrograde pyelogram. The injection of contrast
medium into the ureter has slightly dilated the ureter, but
at the pelvi-ureteric junction and immediately below
there is extreme narrowing. Proximally the pelvic and
calyx dilatation is show, indicating obstruction. Note
ureteral trauma and leak

tion, and (iii) study urine flow patterns and ureteric
peristalsis as part of a urodynamics study of the
upper tract.

2.6 Ultrasonography
2.6.1 Preparation

Special preparation for a child undergoing its first
urinary tract ultrasound examination is not nec-
essary. This gives echography one of its supreme
advantages: as soon as the radiologist or clinician
has decided to use ultrasound the only limiting
factoris the availability of personnel and equipment.
The child does not have to be fasted or wait for
appropriate radiopharmaceuticals to be obtained.
The renal areas are always amenable for echogra-
phic review and at the same investigation one can
examine the bladder. If this is not full enough for
adequate examination, and the clinical situation
permits, the child can be given fruit-flavoured water
to drink and re-examined after an appropriate wait
in the department. The use of an ice-cold drink
facilitates rapid filling of the bladder.



20 Investigatory Techniques

During the first examination the entire abdomen can
also be scrutinised and if satisfactory visualization
cannot be achieved either because of interfering
bowel gas, barium in the gut or lack of co-operation,
the child can be re-examined at some future time and
appropriate preparation such as fasting arranged. In
ideal practice such children should be re-examined
before their breakfast the following day, to make use
of the natural overnight fast and lessen discomfort
for the child and its attendants.

Older children with bladder control can be asked not
to empty their bladder before coming to the depart-

ment, and in addition they may be given drinks
beforehand.

2.6.2 Sedation

At the Hospital for Sick Children we make a point of
not sedating children, and we have found that
diagnostic scans can be obtained in most cases at the
price of having to bring the child back to complete
the examination on a separate occasion.

The option of sedation is always available however
in those few children in whom the ultrasonic infor-
mation is crucial, and this can be discussed and
arranged with the clinical team.

Every child is accompanied by a parent, other
relative, or nurse known to the child. This personal
source of comfort and confidence facilitates the
examination.

2.6.3 The Room

It goes without saying that the equipment should if
possible be placed in a warm quiet room which is
adequately lit. Undoubtedly entering a darkened
room or being plunged into darkness is not con-
ducive to tranquillity in young patients.

An overhead heating apparatus will be necessary for
the study of small babies.

2.6.4 Equipment

Size. The ultrasound apparatus should in preference
be small, or in particular that part of the apparatus
applied to the child and hanging over the child
should be small and unintimidating.

TV Monitors. It is essential to have the diagnostic
monitors placed at a height which is comfortable for
the operator who is looking at them and it is helpful
if one of the monitors can be seen by the child and

parent. Older children may appreciate the cus-
tomary familiarity of “‘watching the telly”” and their
curiosity may encourage co-operation. The parent’s
ability to see what is going on, despite the probable
meaningslessness of the images, can increase their
feeling of involvement in the child’s management.

Image Polarity. There is no accepted convention
with regard to presentation of echograms with
echoes being represented as black dots on a white
ground or white dots on a black ground. It is easier
to see black dots on a white ground in a brightly lit
room, but the human eye can see small low-
amplitude echo differences better if dots are white
against a dark ground. We have covered this prob-
lem by having two diagnostic monitors with the
image in opposite polarities on each screen.

This speeds the examination as it reduces the
necessity to enhance images during scanning to bring
out differences at the high or low end of the
amplitude range.

Transducers. For paediatric ultrasound it is essential
to have a wide range of transducers, ideally differing
not only in frequency and diameter but also in depth
of focusing. We do not favour the use of biopsy
transducers for aspiration and biopsy purposes.

Waterbaths. Waterbaths are essential for ultrasonic
examination of other organs such as the eye and
thyroid gland. Occasionally they may be useful in the
study of the urogenital tract. This is especially so
when examining infants and neonates in whom the
spinal flexion reflex is so strong that adequate
examination of the kidneys in the prone position is
not possible, and also in those situations where there
is a painful wound or incision overlying the area of
interest.

Coupling Agent. We use ordinary vegetabie oil of the
cooking variety. This produces excellent coupling
and is easily cleaned off the skin and clothes
(patients’ and ultrasonographers’!) Mineral oil runs
off the skin more readily and is difficult to remove.
We do however use small vials of sterilized mineral
oil for cases in which infection may be a hazard such
as when working near a recent operative incision.
Proprietary baby oils should not be used as they tend
to increase skin resistance to diathermy pads, and in
any child who may be undergoing surgery soon after
the examination this could result in poor function
of the diathermy probe and skin burns from
the diathermy pads (personal communication
Mr. Taylor, St. George’s Hospital, London).



2.6.5 Real Time Ultrasound Systems

Single crystal/hand guided/Compound B scanners,
at the moment of writing, give the best resolution for
static images.

Real Time Sonography (RTS) is bound to improve,

and at the moment tends to take second place in

abdominal echography. However, in paediatrics
there are several distinct advantages:

(a) Difficult wriggling patients are more easily
examined.

(b) Because of instantaneous image build-up, the
examination is potentially more rapid and iden-
tification and alignments of blood vessels may be
more readily identified.

{(c) Vessel dynamics, tissue pulsations and responses
to physiological manoeuvres which may be of
diagnostic importance can be appreciated.

(d) Biopsy, diagnostic aspiration and catheter drain-
age can be performed, for it is possible to see
clearly the needle entering the desired target.
There is no other method which can give accurate
placement of a mobile and moving organ such as
the kidney in all three planes at one moment in
time.

{e) The application of echographic diagnostic tech-
niques may be more readily learned by those
relatively inexperienced in its use and so they
may provide diagnostically valuable information
at an earlier stage of their training.

Ideal Characteristics of RTS for Paediatrics. There

are several designs of RTS, the most widely available

of which at the moment is the linear array system;
however for paediatric use the ideal qualities are:

(i) . The probe should be capable of looking through
a small acoustic window.

(ii) It should provide for minimum disturbance for
the child — this feature is a special consideration
when contemplating units using mechanical
principles.

Technique. In adult ultrasound examination it is
normal to scan the kidneys with the patient in the
prone position. However with children a different
technique must be applied. Generally we start with
the child supine and steadily attempt to complete a
routine which should reveal as much information
about the urinary tract as can be obtained. This
routine is as follows:

1. Supine longitudinal scans. Upper abdomen.
Starting near the midline a few sweeps quickly
establish whether the aorta, 1.V.C. and upper
retroperitoneum are normal. This is the easiest
spot of the paediatric abdomen for echographic
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examination. There are no intervening bony
structures and the child is not ticklish over the
abdomen. The child soon realises that this exam-
ination is unlikely to be painful and loses appre-
hension, and the ultrasonographer can use this
period to concentrate on the adjustment of
factors and chatting to the child. The probe is
then shifted to the right and longitudinal scans of
the right kidney through the right lobe of the liver
are obtained (Fig. 2.7). The particular infor-
mation that may be obtained is:

(a) Relative size of liver and kidney.

(b) Relative echo texture of hepatic and renal
parenchyma.

(¢) Renal parenchymal structure — often this is
the only position in which relatively clear
distinction of the renal lobules can be made.

(d) Good visualisation of the upper pole of the
right kidney. (There may be in rib shadow in
the prone position.)

Fig. 2.7. LS supine echogram of a 4-year-old showing the
upper pole of the right kidney, right lobe of liver and gall
bladder

2. Supine longitudinal scans of the pelvis (Fig. 2.8).

To demonstrate:

(a) Bladder volume

(b) Bladder wall thickness and any vesical
sacculation

(¢) Intraluminal and extravesical masses

(d) Abnormal ureters

3. Supine transverse scans of the pelvis (Fig. 2.9).

To demonstrate:

(a) Bladder volume [with 2 (a) above this can be
calculated];

(b) Ureters. These are best demonstrated in this
position if care is taken to reduce sensitivity
so the ureters are not masked by a shower of
echoes.
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Fig. 2.8. Age 8. LS supine echogram of the bladder

showing bladder wall thickening. The baloon of a Foley  Fig. 2.10. Age 14 months. TS supine. Unusual view of both
catheter can be seen at the bladder base. Despite  kidneys from the front. In this child the bowel was
drainage this neurogenic bladder was incapable of fortuitously empty of gas

contracting further

Fig. 2.11. Age 4. TS prone echogram showing both

Fig. 2.9. TS supine view of the bladder, demonstrating  kidneys, on either side of the spinal acoustic shadow

normal ureters

4. Supine transverse scan of the abdomen (Fig.
2.10).

In this part of the examination the relationship to
the spine is demonstrated of the right kidney and
often some of the left kidney is shown. This is a
particularly useful view for:

(a) Retroperitoneal extravasation

(b) Urinary ascites

5. Prone transverse scan of the renal areas (Fig.
2.11).

Several cuts will show the relationship of the
kidneys to the spine, their relative sizes, and any
displacement or rotation.

6. Prone longitudinal scans (Figs. 2.12 and 2.13). Fig. 2.12. Age 10. LS prone view of the left kidney. The
These should be started in the parasagittal plane  relatively echolucent mass abutting on the upper pole is
but obliques give better long axial views of the  probably the normal left adrenal. The small mass deep to
kidneys. the kidney is the pancreatic tail



Fig. 2.13. Age 7. LS prone echogram of the right kidney.
This girl has a duplex kidney with cortical thinning of the
upper pole

This position usually provides the best views of

the left kidney. Tilting the probe may also be

necessary to “‘see’’ under transverse processes.
With small infants it is often easier to lay them on a
pillow on the ultrasound couch and rotate the infant
from longitudinal to transverse rather than moving
the apparatus.
Using the above technique should provide good
coverage of the urinary tract but often there are
areas which are difficult to demonstrate; these are,
particularly, the area of the mid-portions of the
ureters and the upper pole of the left kidney.
It is sometimes possible to obtain supplementary
information on the left kidney by either (a) coronal
views (lateral decubitus position) and (b) erect views
in which the kidney may drop into a lower position
(Fig. 2.14).

The Future. Ultrasonic developments promise sev-
eral potentially useful advances for remal echo-

Fig. 2.14. Age 10. LS erect echogram of the right kidney
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graphy. Improved resolution and focusing will result
in better parenchymal detail. The advent of digital
scan converters promises to allow objective quantifi-
cations to changes in the progress of a disease or its
response to therapy may be better assessed. Develop-
ment of combination B scan and doppler systems
may provide non-invasive methods of estimating
renal blood flow, perhaps even renal vessel flow.
Already, echography is one of the most dynamic
influences in investigation [10, 11, 12].

2.7 Radioisotope Studies

Technetium 99 m is a pure y emitter with an energy
of 140 KeV and this makes it an ideal radioisotope
for paediatric purposes in conjunction with gamma
camera studies. The isotope is eluted from a Molyb-
denum 99 generator and may then be labelled to a
variety of different preparations often available in
kit form. These radiopharmaceuticals allow very
specific organ and cell types to be studied. Since the
isotope is a pure emitter and has a half-life of 6 h, the
radiation dosage to the whole body and to the
specific organ is low when dosage schedules appro-
priate to the paediatric age range are used.

2.7.1 Kidney Scans Using DTPA

The 99 m-Technetium from the generator is labelled
to the chelate, diethylene triamine pertecactic acid to
produce 99 m-TcDPTA. The labelling efficiency is
high and the amount of free pertechnetate is very
small. DTPA injected in a bolus intravenously is
cleared by glomeruli with neither tubular absorption
nor tubular excretion occurring to any significant
degree. Therefore, clearance of DTPA closely re-
flects, glomerular filtration [13, 14].

Because DTPA has these characteristics it can be
used to assess differential renal function; this can be
done by comparing function in one kidney against
function in the other. Renal plasma flow, glomerular
filtration and renal clearance of DTPA may be
derived from studies using this isotope.

Certain morphological information also accrues
from such studies and this can, in broad outline, be
presented as kidney size, considerations of the local
contribution to overall kidney function of a partof a
kidney, and by inference its local functional signifi-
cance in the context of renal disease.

As the isotope passes down the collecting system
into the ureter these structures are delineated and
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the rate at which the isotope disappears from them
can be studied.

Thus DTPA evaluations yield information about
overall renal function (the dynamic renal scan),
specific localised deficiencies of renal function, and,
sequential information about the way in which a
kidney drains its urine through the ureters into the
lower urinary tract.

2.7.2 Kidney Scans Using DMSA

For this type of study the 99 m-Tc is labelled to
dimercaptosuccinic acid to produce 99 m-Tc
DMSA. This complex has a high affinity for renal
cortex. Within 6 h of injection some 60%,-70%, of the
activity lies within the cortex, principally in the
tubules.

DMSA is bound to plasma proteins, mainly albumin
and « | globulins. Activity in the blood decreases
from its peak to 209,-30% some 10 min after
injection and declines further to some 29, after 24 h.
Of the total injected dose between 29, and 59 is
excreted in the urine.

The characteristics of this radiopharmaceutical car-
ry, implicitly, the potential for accumulating data of
a rather different type from that commonly obtained
from a DTPA study. Imaging with DMSA yields a
high level of renal detail ; some 2—4 h after injection
structural parenchymal changes may be identified
with clarity and this may occur despite very poor
renal function [15, 16, 17]. This makes DMSA scans
especially appropriate for studying renal mor-
phology, localizing small amounts of renal paren-
chyma (as in severely dysplastic kidneys which may
have ureters draining ectopically) and identifying
malpositioned kidneys which may possibly present
as mass lesions on clinical examination. Neverthe-
less differential renal function studies may also be
derived from the DMSA scan, but in this respect the
DTPA scan generally yields the necessary informa-
tion more quicxly and without the higher radiation
dose entailed in the DMSA scan.

2.7.3 Technique

All infants and children are examined with the
camera face placed beneath the patient. Infants and
most children under 2 years of age may be placed
directly on the camera face. By examining young
patients in this way the fearfulness induced by
placing the camera directly over the young child is
avoided.

Only very exceptionally is it necessary to sedate a
child. In general it is possible to create a happy
atmosphere in a brightly coloured room with the
help of the accompanying parent or the nurse whom
the child has come to know. Young infants will
normally lie peacefully and quietly on the camera if
they are kept warm and given a dummy coated with
honey to suck.

To obtain a satisfactory intravenous injection of the
isotope a scalp vein needle with its associated length
of plastic tubing is introduced into a vein. Once this
hasbeen done and the needle is in position there is no
pain and an atmosphere of quiet, so essential to the
procedure, descends upon the scene. A three-way
tap connected to a syringe containing saline allows
the operator to be certain the needle is truly in the
lumen of the vein and then injection into the vein can
be achieved. A clean absorbent, disposable paper
pad with a plastic back is then placed under the tap
and syringe and the syringe containing the measured
isotope connected into the system. The bolus in-
jection of isotope is obtained by injecting first the
isotope, rapidly followed by several millilitres of
saline. There must be no constriction proximal to the
injection site as the isotope and saline are given
sequentially.

If an abdominal mass is present or if renal venous
thrombosis is suspected the isotope is injected into a
veinin the foot so that its transit up the inferior vena
cava can be recorded and abnormalities of position
or even of occlusion of the cava noted.

When the procedure is carried out in this way there is
very rarely any need to restrain a child. The isotope
injection itself is very brief, painfree and it has none
of the minor systemic side-effects which cause a child
undergoing intravenous urography to feel unhappy.
Furthermore, there are no serious side-effects such
as the severe reactions encountered from time to
time with IVU procedures. These features and the
low radiation dosage of isotope studies must be a
constant encouragement to ever widening the scope
of this type of examination and diminishing the use
of the intravenous urogram. When taken in con-
junction ultrasonics studies and radioisotope studies
must be vigorously directed to this end.

2.7.4 Dose of Radiopharmaceutical

As yet there are insufficient data for dosage sched-

ules to have been universally adopted and accepted

[18, 19]. Our current practice is as follows:

(i) The child’s body weight is known and using
standard nomograms the surface area is
ascertained.



(ii) A linear graph giving the surface area against
dose is then used and this incorporates the adult
dose and surface area — the principle then
followed is to give the infant or child the dose
indicated as being appropriate on the graph for
that individual child’s surface area.

(iii) For DMSA static scans only one adult dose is
used for the calculation of the paediatric dose.

(iv) For DTPA dynamic scans three adult doses are
taken into consideration depending on the
known clinical context and these are
— dose for when renal function is normal,

— dose for when renal function is slightly to
moderately impaired,

- dose when renal function is severely
impaired.

2.7.5 Pictorial Data

The human eye and perception can give rather a
good estimate of renal function and a very good
estimate of renal structure on images derived from y
camera isotope studies. If these estimates are taken
in conjunction with other studies of total renal
function then they gain further in significance.
However, it is essential to obtain these images in a
systematic way.

2.7.6 DTPA Scan (Fig. 2.15)

A bolus injection of the isotope is made. Images are
recorded on nuclear medicine radiographic film (or
other film) from 0-30 s. At 1 min after the injection
an image of the kidneys is obtained by accumulating
200,000 counts and time needed is recorded. Subse-
quently, images of the kidney starting at 5 min, 15
min and 30 min are obtained over the duration of
time as was needed for the imaging starting at 1 min.
These images obtained in sequence are then in-
spected and an impression of renal function and

Fig. 2.15a—g. Sequential scintigrams in DPTA study.

a At 30 s, vascular phase. b At 1 min, scintigram shows slower accumulation of
activity with fewer counts in left kidney by comparison with the right kidney. ¢ At 5
min, activity is seen in the right kidney, its pelvis and ureter, but on the left side the
isotope lies in the parenchyma and the dilated calyces only. d At 30 min, activity is
diminishing on the right side by comparison with the high overall activity on the left.
Frusemide was therefore injected. e At 5 min after injection of Frusemide there is a
reduction in activity on the right side, but on the left side overall activity remains high.
f At 10 min, further reduction in activity on the right and no perceptible change on the
left. g At 20 min, continued high level of activity on the left side with further clearance
on the right: obstruction of left kidney in vicinity of pelvi-ureteric junction confirmed.

(Same case as Fig. 2.2)

Radioisotope Studies
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structure obtained. In the later images the way in
which the isotope is cleared through the upper tract
may be assessed. Certainly, by 30 min a bladder
image must be recorded if it has not already
appeared on the preceding images.

If there is accumulation of isotope progressively in
either kidney or the ureters then a delayed image at
2-3 h is obtained. This will help in assessing the
severity of any possible dilatation and, by inference,
possible obstruction.

Should it be known the collecting systems are
already dilated (say, from previous IVU study) then
the significance of the dilation may be assessed,
remembering that not all dilated ureters are obstruc-
ted. In general it is most likely that obstruction is not
present if the isotope can be shown to clear on
images recorded 2, 4 und 10 min after I.V. injection
of frusemide. However, if dilatation is gross, caveats
about interpretation have to be made.

2.7.7 DMSA Scan

Between 2 and 4 h after the injection a posterior
image of the kidneys (200,000 counts) is obtained.
An anterior image is obtained with the preset time
needed for the posterior imaging. As with the DTPA
scan an estimate of the functioning renal paren-
chyma can be derived simply by inspection of the
images. If a structural abnormality is suspected
pinhole collimator views of each kidney may be
taken.

2.7.8 Anaylsis of Function by Isotope Study

An isotope complex such as DTPA can provide the
basis for semi-quantitative and quantitative studies
of kidney function, since it is rapidly cleared through
the glomerulus [14]. DMSA although primarily used
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for imaging kidney parenchyma, may also give a
similar yield of information but in a rather different
way because it is handled by the kidney in a manner
dissimilar to that of DTPA. And so for functional
studies DTPA is generally the isotope of choice.
A rapid bolus injection of this isotope enters the
circulation and arrives in the renal arteries, passes
through the capillary bed and any of the isotope not
cleared through the glomerulus enters the renal
veins. This transit through the kidneys represents
the vascular phase and may be equated with renal
perfusion. A renal perfusion index can be calculated
by assessing activity in the kidney in the earliest stage
(1 min) following injection and comparing this with
that in the aorta or iliac vessels. This perfusion index
has proved most useful in sequential studies, for
assessing events after renal transplantation and
ascertaining if early rejection is occurring.

DTPA is cleared through the glomeruli. After
measuring accurately the total dose of isotope
injected (by assaying activity in the syringe before
and after injection) the decline in radioactivity in the
blood may be estimated 2 h and 4 h after injection.
The overall glomerular filtration rate may then be
estimated along the lines used in Cr®! EDTA studies
— a method which has been well validated [20, 21].
To assess the contribution of each kidney to this
overall total of glomerular filtration it is essential to
select the appropriate renal areas of interest and the
background levels of activity; background areas
which are appropriate are those lying around the
kidney bed.

After clearance by glomeruli the isotope DTPA is
transported across the kidney and then it passes into
the pelvicalyceal systems.

The form of activity registered in the renal areas as
representing the vascular phase, the glomerular
filtration and transport and the clearance into the
collecting systems is represented in histogram form
as shown:

Time

Fig. 2.16. Activity/time histogram in DPTA scan. Rt., right; Lt., left



Such data may be accumulated and analyzed by a
variety of data processing systems [22, 23, 24, 25].
These may be programmed to give mathematically
orientated data relating to the function of each
kidney. This information and its form of pre-
sentation, whilst it is related to the system used, may
be very helpful in assessing kidney function, espe-
cially in sequential studies. However, functional
information of this type is also important in assess-
ing status prior to operation and possible nephrec-
tomy. Obviously, if the performance of one kidney is
excellent and there is a clinical case for nephrectomy
on the contralateral side functional isotope studies
canbe very important indeed. Provided quantitative
assessments are made it would appear that no
significant surgically operable lesion is likely to be
missed by a dynamic renal isotope scan [49].

2.7.9 The Problem of the Dilated Upper Tract

In the presence of dilated collecting systems the
presence or absence of obstruction may be difficult
to substantiate. In such cases frusemide 20-40 mg IV
may be given 30 min after the DTPA. A continual
video recording can then be made for 10 min; images
are obtained during this period at 2, 4, 6, 8 and 10
min with the same settings as previously described. A
decrease in intensity of the renal images excludes
obstruction. If no significant change is seen then no
inference can be drawn since, in the presence of renal
insufficiency, the kidneys may be incapable of re-
sponding to IV Frusemide.

During the procedure and the accompanying diu-
resis quantitative assessments of activity are needed
if the significance of a dilated upper tract is to be
determined in terms of whether or not it is
obstructed.

2.7.10 Radioisotope Cystography

Since so much of the work in the field of paediatric
urology is devoted to the study and surveillance of
infants and children who have urinary infection and
vesico-ureteric reflux, isotope cystography has been
developed [27]. It gives a low radiation dose method
of assessing these problems and is therefore poten-
tially very useful for such long-term studies.

In radioisotope cystography the bladder is catheter-
ized and drained of urine and 99 m pertechnetate is
instilled into the bladder with the child lying supine,
the gamma camera face being beneath the child. The
bladder is then filled with sterile water to a point
where the child wishes to micturate. In older chil-
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dren the camera face is been brought into the vertical
position and the child repositioned. Boys stand and
void directly into a receiver and girls may sit on a
toilet seat with the receiver below. In the younger
child (below 3 years of age) a plastic bag is placed
over the genitalia so that all voided radioisotope is
retained within a container.

Alternatively late in a DPTA study [29] the isotope
may have been completely cleared from the upper
tract and accumulated in the bladder. The child may
then be asked to void and reflux is then assessed.
As vesical filling and micturition take place the
events can be studied directly on the persistence
monitor and recorded. Isotope appearing in the
upper tract indicates reflux and the volume of reflux
may be quantified because the amount of isotope
and sterile water used is known.

Isotope cystography correlates fairly well with
conventional micturition cystourethrography in as-
sessing vesico-ureteric reflux [29]. The low cost and
low radiation dose make it a preferred method for
follow-up studies. Some authors [30] have used 99
m-Tc sulphur colloid particles (instead of 99 m
pertechnetate) in the belief that such particles sim-
ulate more accurately the behaviour of bacteria in
the urinary tract. However, the real relevance of this
belief in terms of assessing vesico-ureteric relfux
remains uncertain.

2.7.11 Imaging of the Adrenal Glands

99 m-Tc¢ polyphosphonates are used in the study of
bone lesions. Adrenal neuroblastoma may accu-
mulate this isotope shortly after injection [31]; if a
study for suspected bone metastases of unknown
origin is being performed, then imaging the posterior
abdominal wall structures may yield the gratuitous
information about cause if a neuroblastoma is
present. Similarly, because the kidneys have an
affinity for radio-isotopes used in bone scanning a
bolus injection followed by evaluation of the kidneys
may show a previously unsuspected renal lesion [32,
33).

The adrenals have a proclivity for accumulating
cholesterols, and labelled cholesterol derivatives
may be used to image the adrenals directly [34, 35,
36]. This permits the study of adrenal hyperplasia
such as may occur in Cushing’s syndrome or the
study and localization of an adrenal tumour. The
tumour tissue itself may not take up the labelled
cholesterol, as in the case of phaeochromocytoma,
but the site of the lesion may nevertheless be
determined by the change in size of the affected
adrenal.
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2.8 Angiography

2.8.1 Arterial Studies

Angiographic studies in infants and children with
renal and urological problems are indicated in a
fairly circumscribed set of circumstances. Para-
mount among these are the investigation of systemic
hypertension and the study of recurrence of Wilms’
tumour. At all ages the Seldinger technique via the
femoral artery provides the method of choice for
introducing the catheter into the circulation. Since
the size of patients is so variable the type of catheter
must be chosen to match the patient’s artery size [31,
38]. Radiplast of Uppsala, Sweden, manufacture a
range of catheters which come in complete kit form
and are y ray sterilized ; these catheters are ideal for
use in the paediatric age range.

For angiographic studies the patient may be either
sedated or have a general anaesthetic. In any
particularly nervous child anaesthesia is preferable
and indeed, if the skills of a paediatric anaesthetist
are readily available, general anaesthesia can shorten
the time of an angiographic procedure.

Infants and children are of course small and their
arteries are of corresponding size [39]. The detail
needed in the image at angiography cannot be
guaranteed to be of the desired quality if cine-
fluorographic filming is used. It is therefore impor-
tant to use a cut film changer which produces the
image on sheet radiographic film or 100 mm?
indirect fluorographic film.

2.8.1.1 Injection Technique

The smallest possible catheter adequate to dem-
onstrate the arterial tree is chosen. In infants and
children under 2 years a catheter with external
diameter 1.22 mm is used. In children between 2 and
15 years the external diameter measures 1.57 mm.
Using a straight catheter with side and end holes a
free flush aortogram is carried out. The tip of the
catheter is placed at D.12/L.1 disc space. A rapid
sequence of films is obtained (4 per second for 3 s
then 2 per second for 4 s).

The catheter is changed and a preformed single end
hole catheter is introduced. The renal arteries are
then selectively catheterized. The sequence of ex-
posures is less rapid (e. g. 2 per second for 4 s then 1
per second for 5 s). A hand injection is made for
selective studies.

The contrast medium for the aortogram is sodium
iothalamate (Conray 420) and the dose rate is 1 ml
per kg. For the selective injection sodium diatrizoate

Hypaque 45%) is used and the volume of contrast
varies with the kidney size and with the patient’s age.
For those under 2 years old between 2 and 4 ml is
often adequate, but in the bigger child the dose may
be increased up to 5-9 ml.

2.8.1.2 Control of the Examination

It is of great value to have a second experienced
radiologist to review the films as they are processed
so that the radiologist carrying out the catheter-
ization is free to remain totally involved in the
technical side of the procedure. When the procedure
is finished, the catheter is withdrawn and the
operator compresses the femoral artery con-
tinuously for 10 min, ensuring that there is a pedal
pulse present during these 10 min. The child is not
awakened from the anaesthetic until the radiologist
has had an opportunity to observe the puncture site
after compression.

2.8.1.3 Complications

The incidence of complications [40] varies with the
following factors:

(1) Length of procedure: the longer the catheter isin
the artery and the more often catheters are changed
the higher the incidence of complications. (2) Age of
patients: under 8 years of age there seems to be a
higher incidence of complications compared to the
over 8 year old. (3) Experience of the operator: the
more experienced operator seems to have fewer
complications.

2.8.1.4 Local Complications at Catheterization
and Immediate Sequelae

1. Haematoma. If the catheterization has been car-
ried out below the inguinal ligament (as it should
be) any haematoma is readily visible at the site of
the procedure. When a site above the inguinal
ligament is used the blood can easily track
retroperitoneally and so the bleeding is not
obvious clinically until it either stops spon-
taneously or an emergency situation develops.
The haematoma may be so large as to cause pain
and even compression of the femoral artery, in
such circumstances evacuation may be necessary.

2. Obstruction to the Femoral Artery. This may occur
early and within 24 h of the procedure {40].
Uncommonly this complication occurs later. The
signs are those of a threatened limb, namely, a
cold white pulseless limb with a sensory loss. If
there is no spontaneous improvement within 2—4



h, direct surgery on the femoral artery is man-
datory to relieve the obstruction.

Late sequelae include the complications of lim-
ited limb growth and claudication associated
with arterial thrombosis. An arteriovenous fis-
tula has been reported following femoral artery
catheterization. This must be a very rare
occurrence.

3. Other Complications. Reactions to contrast me-
dium are rare, possibly because most of these
procedures are carried out under general anaes-
thesia. A subintimal selective injection may lead
to infarction in the kidney supplied by that vessel.
Clinically there is haematuria following the in-
vestigation, the patient is in discomfort and has
back pain. The ESR and WBC rise and a mild
pyrexia may develop. There is no specific treat-
ment and therefore the operator carrying out the
catheterization must be gentle, quick and develop
an extremely sensitive touch. This is one reason
why arteriography in paediatrics should be car-
ried out by skilled operators.

2.8.2 Venous Angiography

Venous angiographic studies are of very limited use
in investigating problems associated with the kidney
and urinary tract. Inferior vena caval radiographic
studies have been mentioned previously. However,
the inferior vena cava is amenable to study with a
very low or even no radiation dose by either pedal
isotope injection or by ultrasonic examination. Cath-
eterization of the venous circulation is needed to
acquire blood samples for plasma resin assays in
children with hypertension.

2.9 Urodynamics
2.9.1 Indications

The principal use of this procedure is to study the
significance of dilatation in the urinary tract [41] —
especially ureteric dilatation. In the vast majority of
patients other techniques give sufficient information
to allow a presumptive diagnosis of obstruction.
This is not invariably the case however. Among
those in whom a diagnostic problem remains are
patients who have had some form of ureteric
reimplantation procedure into the bladder and in
whom upper tract distension remains and also those
in whom a lower urinary tract obstruction has been
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removed (e.g. posterior urethral valves) and yet
upper tract distension persists or progresses.

2.9.2 Method

The objective is to perfuse the ureter at a known rate
of 10 ml per minute (or less in the very young) and
record the pressure response which develops at a
known perfusion rate [42]. If no obstruction is
present there is no rise in pressure as perfusion
proceeds. When obstruction is present the pressure
rises progressively to reach a plateau usually at
about 20 cm of water. Obviously the perfusion fluid
must be seen to cross the site of suspected obstruc-
tion and so this can be elucidated by putting contrast
medium into the perfusion fluid (e. g. dilute sodium
diatrizoate) and observing events by fluoroscopy.
The ways in which perfusion can be achieved are by
using a surgical site of drainage, such as a pyelos-
tomy or ureterostomy above the level of suspected
obstruction. Direct puncture and cannulation of the
dilated upper tract can be prior to an operative
procedure and during operation, or as a separate
investigation prior to a possible operation. With the
appropriate apparatus the procedure is simple and
straightforward.

There are, however, results which may mislead; if
the urinary tract above a possible obstruction is very
distensible there may be no rise in pressure as
perfusion continues for quite a long time. What
happens is that the upper tract distends progressive-
ly without transit distally of the perfusing fluid — this
simply underlines the need to observe carefully at
fluoroscopy the moment of transit of contrast
medium through the site of obstruction and correlate
this with the pressure profile during perfusion.
Another misleading result can arise with possible
obstruction at the uretero-vesical junction. After
reimplantation and when there is marked vesical
hypertrophy the characteristics of the intramural
section of the ureter may change with variations in
vesical capacity and there are two not uncommon
variants: when the bladder is completely empty and
its wall thickened there may be an obstruction
present; and, when the bladder is considerably
distended there may be a pressure gradient in such
circumstances but none when the bladder volume is
less. These findings suggest that in urodynamic
studies for suspected obstruction at the uretero-
vesical junction it is wise to know the bladder volume
and pressure and these can be ascertained by cathe-
terizing the bladder and filling the bladder in a
controlled way from below. Cystometrogram stud-
ies lie outside the scope of this book [43].
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2.10 Computed Tomography

The role of computed tomography [45, 45, 46, 47, 48]
in the investigation of the kidneys, urinary tract and
adrenals is probably very limited in diagnostic
terms; if other cheaper and less radiation intensive
modes of investigation are fully utilized the contri-
bution of computed tomography is distinctly
circumscribed.

However, it is almost certainly the case that CT
scanning is uniquely able to provide, in a non-
invasive way, information about any possible in-
traspinal extension of disease arising in the adrenals
kidneys and the vicinity of the urinary tract. A
second important role for CT scanning lies in the
localization of pulmonary metastasis in malignan-
cies associated with the urinary tract. The excep-
tionally complex problem, possibly arising in the
course of follow-up evaluation, may occasionally
suggest CT study could be helpful: in such circum-
stances the information of meaning and value which
accrues can be disappointing in its paucity.

This may appear to some to be a severe criticism of
the role of CT scanning. Nevertheless in terms of
management of the individual child’s problem it is,
we believe, a realistic appraisal.

2.11 Strategy and Tactics in Investigation
2.11.1 General Comment

Careful clinical assessment of the individual child’s
problem will very often lead to the primary diag-
nosis. The subsequent sections of this volume are
concerned with the way in which investigatory
techniques can confirm the clinical impression.
Quite frequently the investigatory technique is re-
sponsible for defining the nature of the pathological
process from the outset; and so the final section of
this volume is devoted to a recapitulation of certain
findings which accrue directly from investigatory
studies.

In reaching a diagnosis a deductive method of
reasoning is used. However, before undertaking the
next steps in management a further evaluation of the
consequences for the individual child is necessary.
This evaluation is concerned in part with the lesion
itself but also with the structure and function of the
kidneys and urinary tract as a whole. In conjunction
with the management procedures this evaluation
represents an inductive process and the need for
continuing surveillance logically follows.

Thus, investigation covers diagnosis, evaluation and
surveillance. Each clinical problem has these charac-
teristics to a greater or lesser degree. In successive
sections these problems are dealt with but at this
stage three important topics of investigation must be
discussed: these are investigation of the very young
infant; acute renal failure in infancy and childhood,
and haematuria.

2.11.2 Investigation of the Very Young Infant

In the very young neonate and within the first 48 h of
life there is seldom any need to carry out intravenous
urography. If such a study is carried out the findings,
or absence of findings can be totally misleading. The
contrast medium may not be cleared through the
kidneys in the usual way at the usual time and so no
meaningful radiographic evidence is gained. When
an early assessment of the urinary tract is needed
then abdominal ultrasound study is the first tech-
nique of choice. The indications for such a study can
be suspected obstructive uropathy, mass lesions in
the abdomen, suspected ascites and septicaemia
from gram-negative organisms. Finally, ultrasound
studies carried out prenatally may have suggested
the need for post-natal check up in the newborn
infant.

The principal lesions which lead clinicians to con-
template an IVU during the first day or two of life
include multicystic kidney, suspected infantile poly-
cystic kidneys, and obstruction affecting the upper
tract and associated with a mass lesion. None of
these conditions necessitates a urographic study in
the first 24 h of life. Mesoblastic nephroma, being a
primarily benign lesion with solid characteristics,
should not precipitate an unduly premature IVU.
Subsequently, examinations such as MCU, ra-
dioisotope studies and intravenous urography can
be carried out after this preliminary echographic
survey.

2.11.3 Renal Failure in Infancy and Childhood

The causes of renal failure in infants and children in
clude the following conditions:

Renal agenesis

Severe bilateral renal hypoplasia

Dysplasia or hypoplasia in a single kidney
Bilateral renal cystic disease

End stage chronic pyelonephritis (reflux nephrop-
athy) and nephritis

Obstructive uropathy (and obstructive atrophy)
Calculus



Acute parenchymal lesions such as:
Tubular necrosis
Haemolytic uraemic syndrome
Bilateral renal venous thrombosis
Acute pyelonephritis

2.11.3.1 Acute Renal Failure in Infancy

Young infants who have acute renal failure have
developed or are in the process of developing serious
fluid balance and electrolyte problems. An intra-
venous urogram with its high solute load simply
adds to these problems and so it is best to avoid IVU
if possible in the early stages of assessment and
management.

Dilatation of the urinary tract, which is a feature of
obstructive uropathy, can be assessed by sono-

Findings at Echography in Infants in Renal Failure

— bilateral agenesis/
hypoplasia
— multicystic
kidneys —
bilateral or
unilateral with
contralateral
dysplasia
— infantile
(neonatal)
polycystic disease
— acute
pyelonephritis
— tubular
necrosis/medullary
necrosis
— bilateral renal
venous
thrombosis
— haemolytic
uraemic
syndrome
B — Bladder hypertrophy |- inference:
Almost invariably bladder outflow
with upper tract obstruction —
dilatation MCU (Fig. 2.17)
C — Bladder dilatation - inference:
Usually with vesical possible severe
residue and upper primary reflux —
tract dilatation MCU

A — No calyx dilatation
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graphy. MCU will define lower urinary tract ob-
struction and its cause. Obstructing ectopic ure-
terocoele, which can be shown by MCU, will almost
certainly have been shown at the ultrasound study.
Urinary infection possibly with an associated sep-
ticaemia, may also be present in infants with urinary
tract obstruction. Once the clinical situation is under
control the IVU will give decisive information about
the condition of the upper urinary tract.
Nevertheless early decisions about management are
of cardinal importance. Central to such decisions
lies the question — does the infant need surgical
intervention or is the problem essentially one for
medical management? After a plain radiograph of
the abdomen has been taken echography can be
carried out and analysis can proceed broadly along
these pathways:

D — Calyx dilatation inference:
present obstructed
Bilateral with two kidney(s)

kidneys

Unilateral with one
functioning kidney
Determine level of
obstruction

Distal ureteric Distal ureteric

dilatation dilatation
absent present
l 4
Inference: Inferences:
high obstruction (i) Possible distal
(PUJ obstruction?) obstruction —-

ureteral or
bladder outflow
Severe reflux,
maybe with
distal
obstruction

i
MCU
demonstrates
bladder outflow
obstruction or
reflux — alone
or in
combination
with obstruction

(i)
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C

Fig. 2.17. a Echogram of bladder in a male infant with
urinary infection and renal failure shows thickening of the
biadder wall with no sign of sacculation. Inference:
obstruction to bladder emptying. b Cystogram confirms
the absence of very much irregutarity of contour of the
vesical lumen. ¢ Voiding shows the presence of urethral
valves obstructing vesical emptying

In group A and taken together with the clinical
context the echonephrogram will often be decisive in
itself and this is shown in subsequent sections. The
clinical problem initially, will generally lead to
appropriate medical management.

In groups B, C and D the possibility of surgical
intervention must always be in the forefront of
thinking even though preliminary resuscitative med-
ical measures may be necessary. Frequently the
clinical context is sufficiently suggestive — in infants
with obstructive uropathy — for radiological studies
such as MCU to be warranted as the first and most
appropriate investigation.

2.11.3.2 Renal Failure in the Child

There is a group of children who develop renal
failure who have a congenital anomaly of the
urinary tract. This anomaly, but for the absence of
urinary tract infection, would generally have pre-
sented in infancy. These children sustain kidney
damage during their childhood years which is a
consequence of the urinary tract anomaly which has
passed untreated.

A major group of children in renal failure have had a
urinary tract anomaly defined in early life. Remedial

measures have been taken, but because of their
limited efficacy or because the initial degree of
kidney damage precluded satisfactory development
of the kidney renal failure ensues. This occurs
particularly as the child grows and the kidney does
not, and so its function falls below that which is
necessary to sustain further somatic growth.

A wide variety of innate abnormalities of renal

‘parenchymal development — notably cystic disease

of the kidney of various types — lead to renal failure
as the years go by. This is because the potential for
renal growth is not and never has been present.
Lesions of the kidney which are acquired during
infancy and childhood may lead to renal failure.
Frequently, hypertension is also present. Among
such lesions are atrophic pyelonephritis, obstructive
atrophy and end-stage nephritis. In common with
many of the foregoing causes of failure the potential
for renal growth has been compromised by preced-
ing events.

Renal failure in children tends to develop slowly by
comparison with the acute crises which are seen in
infancy. The same principles of assessment as have
been outlined for infants may be utilized in children.
The inexorable progression of events in children
under surveillance for known disease is, sadly, a
continuing feature at the present time.

Bone disease is a consequence of renal failure in
children and so periodic evaluation of bone status
and development in children in renal failure must be
maintained.

2.11.4 Haematuria

When considering how to investigate an infant or
child with haematuria close attention to the clinical
history, clinical findings and family history is essen-
tial. Bleeding may arise from any site from the
kidney itself down to the urethral meatus. The
causes may include neoplasm, inflammatory lesions
(with or without infection), calculus disease and
trauma. Very commonly indeed the cause of haema-
turia is defined by standard imaging procedures.
Given that there is no evidence of a blood dyscrasia,
there is a group of children who have haematuria for
which no cause can be defined by such procedures. In
such circumstances biopsy of the kidney and en-
doscopy may be essential. It is often helpful to
undertake less invasive investigation during an
episode of bleeding, if it is a periodic phenomenon.
Such timing of investigation may illuminate the
cause and the level in the urinary tract from which
bleeding is occurring, whereas at other times the
studies may be unrewarding.



2.11.5 Objectives in Investigation

If it is the role of investigation to define the nature of
a problem it is the purpose of management to secure
as good as residuum of functioning renal tissue as
possible. This renal tissue should be capable of
sustaining life for the present and providing the
potential for renal growth which the child’s growth
will demand.

When problems are not defined accurately then
inevitably management is a risk business. The risk
for the child is that he will be left unnecessarily
vulnerable. The residuum of renal tissue may be
inadequate for his present needs; it may compromise
his prospects for the future.

Paediatric urology and nephrology are devoted to
the protection and conservation of kidney tissue.
None of this should be allowed to deteriorate or be
sacrificed without good reason, but sometimes,
unfortunately, innate problems of development may
present an impossible handicap. Nevertheless, when
one kidney is affected by a lesion the extent of
involvement of that kidney must be known. Cir-
cumstances such as malignancy may necessitate
total nephrectomy. If only part of a kidney is
damaged, irrevocable total nephrectomy may be
both avoidable and unwise; and so inexorably, the
child with only one kindney always presents distinc-
tive problems. Equally it is imperative to know the
true status of the contralateral kidney when disease
is apparently unilateral. Of course, prognosis may be
determined for all time by these considerations.
All these things may appear to be self-evident truths.
However, human perception is, on occasion, domi-
nated by intuition and impulse. In infants and
children investigation of the kidney and urinary
tract should not be such an occasion. From the
outset and during surveillance there must always be
an objective assessment and analysis to answer the
clinical questions.
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3.1 Introduction

Obstruction to urine flow may be complete or
incomplete. Since rates of urine flow vary, more so in
children than in infants, there may be no effective
obstruction at low rates of urine flow, but incom-
plete obstruction prevents clearance of high volumes
of urine.

The evaluation and consequences of acute obstruc-
tion are covered in the following way. Acute obstruc-
tion of a previously functioning kidney is a rapidly
occurring event which prevents flow of urine from
the kidney. The causes and sites of obstruction are
detailed, the investigation and management are
described and late sequelae are noted.

Protracted obstruction to kidney drainage has an
impact on the kidney and there is a wide range of
causes. In infants and young children these often go
under the title of “obstructive uropathy”. Whilst
there are many causes there are also many effects of
protracted obstruction. Many investigatory tech-
niques can and must be used to establish the
diagnosis and then monitor progress for a long time.
Since repeated investigation is so often required
every effort must be made to validate the newer, less
invasive modes of examination for these infants and
children and also lower radiation dosage.

3.2 Acute Obstruction of the Kidney

3.2.1 The Role of IVU, Ultrasonics
and Radioisotope Studies

IVU. When a kidney which was previously normal
becomes acutely obstructed its size increases and it

slowly becomes heavily opacified at IVU [1]. The
increase in size is caused by the increased amount of
glomerular filtrate and tubular content. This fluid,
increased in volume, gives the kidney its increased
density because of the increased number of iodine
atoms in the kidney. The nephrogram of acute
obstruction is slow to develop (Fig. 3.1) and reaches
peak density at perhaps some 2-3 h after injection of
the contrast medium. This time sequence reflects the
increased absorption of water from the tubular
content [2], which is then more concentrated.

Ultrasonics. Echography can be extremely helpful in
problems of urinary tract obstruction — sometimes

Fig. 3.1. Acute obstruction. IVU radiograph 35 min after
injection. The acutely obstructed large kidney shows a
late appearance of a nephrogram of progressively in-
creasing density
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decisively so. Its advantage over other imaging
techniques is that it does not depend on function and
therefore the “‘non-functioning” or ““poorly visualiz-
ing” kidney ceases to pose such radiological prob-
lems as it did in the past.

A further advantage is that preparation is not
required and the first study can be performed
immediately an obstruction is suspected. Sometimes
it may show an unsuspected obstruction, as say in
the child with abdominal pain as a result of a PUJ
obstruction with acute on protracted obstruction.
At the Hospital for Sick Children ultrasound is often
performed during the IVU when a kidney is not
opacifying in an expected manner. The benefit that
accrues from this facility is a streamlining of the
subsequent course of the ongoing IVU which then
turns into a confirmatory investigation of the ul-
trasound findings. Of course this means that many
children can leave the X-ray department more
speedily with a firm diagnosis, or a better pre-
sumptive diagnosis.

Features at Echography. As ultrasound is a relatively
new means of investigation it is pertinent at this
point to list the information that can be obtained
from sonography.

Number of Kidneys: of great importance if the
obstructed kidney is solitary.

Size, shape and position of each kidney.
Parenchymal Thickness: valuable with regard to
determining chronicity and the possibility of pre-
existing protracted obstruction.

Parenchymal irregularity such as cystic change,
nephrocalcinosis and scars.

Degree of distension of the pelvi-calyceal system and
renal pelvis.

Filling defects in the pelvi-calyceal system and the
ability to distinguish calculi by their acoustic shadow
(whether or not they are radiolucent) from tumour
blood clot and granuloma. The presence of perin-
ephric fluid and the side on on which it lies and
urinary ascites, should this be present.

Dilatation of the ureter (at times a normal ureter may
be identified).

The level of obstruction of a ureter can be shown as
follows:

High — no dilated ureter below the dilated pelvis
Low — dilated ureters visible behind the bladder
Mid-ureteric obstruction by inference (see below)
Bladder size and hypertrophy.

Intraluminal masses including ureteroceles and
calculus.

Extraluminal abnormalities such as pelvic tumours
or retroperitoneal malignancy.

However, there are limitations and among these are
the presence of recent surgical incisions and dress-

ings, peritoneal dialysis catheters, and sticky tape
used for retaining catheters because they reduce the
available potential acoustic windows and make
positioning of the child for a satisfactory exam-
ination difficult. Furthermore, if the bladder is not
filled with urine then examination of the pelvic
cavity, including the lower ureters, is not possible.
Intervention. Finally, ultrasound can be used to
identify the obstructed kidney for invasive interven-
tion: (a) introducing a needle or catheter for ante-
grade pyelography, for accurate delineation of the
site of obstruction; (b) directing a catheter for
continuous drainage (nephrostomy).

Radioisotope Studies: dynamic DTPA radioisotope
scan. The acutely obstructed kidney shows a slower
build-up of isotope within its substance. As the
activity builds up any underlying dilatation of the
collecting system is seen as a photon-deficient area
which, if late images are obtained, accumulates the
isotope. The length of this study is however shorter
than the IVU and the level of obstruction is not
infrequently determined by -2 h.

IVU and radioisotope studies demonstrate on which
side obstruction has occurred. IVU can show, with a
precision which radioisotope studies may not have,
the site of obstruction and clues as to the cause.

3.2.2 Causes and Sites of Obstruction:
Evaluation and Management

Common causes of acute obstruction are calculus
and blood clot and both may be associated clinically
with colic and pain. An opaque calculus is usually
visible on a plain radiograph. Echography has an
important role either prior to or during the course of
intravenous urography.

At IVU, as contrast medium passes from the kidney
into the renal pelvis, transit distally to the level of
obstruction takes place. Obstructing calculi, either
opaque or non-opaque are localised. Blood clot may
be seen as a filling defect in the renal pelvis, ureter
and bladder. At IVU as a child changes position
from supine to prone to oblique and to the erect
position the contrast medium mixes more freely with
uncleared urine and this helps to indicate the level of
obstruction earlier in an IVU series.

There is a good case for performing an IVU during
the acute obstructive episode for it can define the
side and the nature of the problem clearly at that
time.

As opaque calculi travel down a ureter distally their
movement can be recorded on plain radiographs. A
repeat IVU can show, after an interval, the relief of



acute obstruction and a recovery from acute ob-
struction. Radioisotope studies using DTPA (a low
radiation dose technique) provide quantitative evi-
dence of each kidney’s performance, and so recovery
or deterioration can be assessed.

3.2.3 Late Consequences of Acute Kidney Obstruction

If a calculus impacts in a ureter or if there has been
surgical damage to the ureteric lumen then obstruc-
tion continues and obstructive renal atrophy de-
velops. This can be shown at IVU when the clubbed
calyces are covered by a thinned renal parenchyma.
Some renal function may be preserved at IVU but
often in a severely reduced form. Radioisotope
studies can be used to assess the severity of such renal
damage. Even though acute obstruction has been
allowed to continue for quite some time, oc-
casionally a remarkable recovery of function can
occur if good drainage is achieved.

3.3 Protracted Obstruction

Obstruction often has its origin in the prenatal
period. It may be suspected after birth or during
childhood because of routine clinical examination,
the advent of urinary tract infection, renal failure
developing either acutely or over a long period of
time, and failure to grow. Pain is especially a feature
of pelvi-ureteric junction obstruction. Abnormali-
ties in the act of micturition can also lead to
obstruction being suspected. Trauma in a child leads
to a clinical examination and obstruction of a kidney
which is large may come to light.

In protracted obstruction urine continues to be
cleared from the kidney(s) but at a rate of flow which
is limited and may be fixed. When urine is cleared at
a rate in excess of this limit then there is dilatation
proximal to the obstruction. The term “‘obstructive
uropathy” denotes all those changes found in the
kidneys and urinary tract as a consequence of
protracted obstruction; obstructive uropathy is a
term especially applied to the very young with such
problems.

The causes of obstruction are numerous and it is
useful to summarize these and relate them to the type
of investigation which may primarily define them.
An IVU is generally capable of localizing precisely
sites of obstruction proximal to the bladder. MCU is
especially important in showing obstructions to
bladder outflow lying in the urethra. Ultrasound
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studies are very helpful because they can (through
inferences drawn from echographic findings) point
to the investigatory procedure most likely to pro-
duce the decisive information leading to the next
step in clinical management. This means that the
patient is not subject to unnecessary, unpleasant and
costly investigations which have a limited diagnostic
yield. The need to take into account these consider-
ations is especially important when investigating
infants with acute renal failure, which is often caused
by obstructive uropathy (see Chapter 2).
Radioisotope studies have a discrete but important
role in diagnosis which is indicated subsequently and
in the illustrations. Sequential isotope scans are
most important in the continuing surveillance of
patients.

3.3.1 Summary: The. Potential of IVU,
Radioisotope Studies, MICU and Ultrasonics
in Evaluating Protracted Obstruction

3.3.1.1 Sites and Causes of Obstruction Shown
by IVU

Dilatation of the urinary tract proximal to the site of
obstruction is a feature of the IVU.

Infundibulum of Major Calyx

Causes: Intrinsic stenosis.
Vascular compression.
Tuberculosis.

Effects: Mild obstruction produces partial or loca-

lised hydronephrosis.
Severe obstruction produces a ‘‘non-functioning
hydrocalicosis” —both are seen most commonly in
the upper pole on the right side but may also occur
in horseshoe kidney.

Tuberculous disease may produce stenosis and go
on to give extensive tuberculous change in the
affected segment which becomes a ‘“‘non-
functioning’ mass lesion.

High Ureteric and Pelvi-Ureteric Junction

Obstruction

Causes: Intrinsic
Vascular compression.

Tuberculosis.
Calculus.
Intraluminal polyp.
Malignant disease.

Effects: Dilatation of urinary tract proximal to
obstruction — the dilatation may be considerable
with loss of parenchymal tissue due to atrophy. If
the precise site of the obstruction (e.g. high
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ureteric versus pelvi-ureteric) is not defined the
operation may be directed to the wrong site.

Mid-Ureteric Obstruction

Causes: Retrocaval ureter has a characteristic
course. Neoplastic disease, such as lymphoma,
neuroblastoma or ganglioneuroma, metastatic
malignancy (Chapter 9) retroperitoneal fibrosis
and chronic granulomatous disease.

Effects: Dilatation of urinary tract proximal to site
of obstruction — initially the kidney may be large
and hydronephroticbut as function deteriorates it
may become small and atrophic.

Low Ureteric Obstruction

Causes: Distal ureteral stenosis
Ureterocoele
Paraureteric diverticulum
Intramural lesions as in tuberculosis and bilharzia
Vesical wall thickening in obstructed or neuro-
pathic bladder.
Low ureteric calculus.

Effects: In general as in 3 above.

Intravesical and Bladder Neck Obstruction

Causes: Ectopic ureterocoeles which are large and
tense, affect other ureteric orifices and obstruct
bladder emptying (Chapter 6).

Vesical calculus impacted in bladder outlet (Chapter
5).

Malignant disease, especially rhabdomyosarcoma of
either polypoid or solid type, and neurofibro-
matosis affecting bladder neck (Chapter 7).

Polyps prolapsing from bladder into urethra (Chap-
ter 7).

Effects: Like low ureteric lesions but with an element
of vesical hypertrophy of varying degree.

3.3.1.2 Radioisotope Studies

Dynamic DTPA Radioisotope Scan

Renal failure is always present to a greater or lesser
degree in protracted obstruction, and so we tend to
be reluctant to give the young infant the high solute
load which goes with high dose urography and is
necessary to determine the site of obstruction.
Further, in the young infants with protracted ob-
struction and renal failure the intestine tends to di-
late and bowel gas patterns mean that either tomo-
graphy or a renal window view are frequently
needed. The dose of contrast medium required for
such an IVU is high and the radiation dose tends to
be high also.

By comparison, the very small intravenous dose of
radioisotope has advantages. It places no extra

solute load on the kidneys, the radiation dose is
diminutive and bowel gas shadows do not interfere
with imaging.

The usual technique isemployed and delayed images
are obtained between 2 and 4 h. Early on in the
examination the isotope accumulates in the renal
parenchyma. The dilated collecting system is seen as
a “photon-deficient” area. Slowly the isotope accu-
mulates in the dilated collecting system and the level
of obstruction can be assessed with some degree of
aceuracy.

Static DMSA Radioisotope Scan

The indications for this examination are to assess

(1) The amount of renal parenchyma present and

(ii) study split renal function. This examination is
especially valuable when the renal function is
either poor or very poor.

3.3.1.3 Sites and Causes of Obstruction Shown
by MCU

Bladder Base and Proximal Urethra

Tumours such as rhabdomyosarcoma — solid lesions
infiltrating bladder base and proximal urethra,
and polypoid lesions producing intraluminal ob-
struction (Chapter 7).

Ectopic ureterocoele —extending across bladder base
and involving other ureteric orifices directly, or
prolapsing into the urethra (Chapter 6).

Posterior vesical diverticulum extending downwards
to compress posterior urethra on micturition.

Post-traumatic stenosis of proximal urethra.

Failure of relaxation in distal part of sphincteric
zone in neuropathic bladder.

Stenosis in female urethra.

Junction Posterior and Anterior Urethra in Male
Posterior urethral valves.
Post-traumatic stricture.

Anterior Urethra in Male
Congenital stenosis of urethra — variants are exten-
sive stenosis and stenosis at fossa navicularis.
Post-catheterization stricture at level of suspensory
ligament.
Anterior urethral diverticulum.
Meatal stenosis.
Phimosis.

3.3.1.4 Sites and Causes of Obstruction Shown
by Ultrasound

Calyceal Infundibulum or Major Infundibulum
Difficult to distinguish from a simple cyst.



High Ureteric and Pelvi-Ureteric Junction
Obstruction
— Diagnosed by identifying dilatation of both ca-
lyces and renal pelvis, with variable thickness of
renal cortex and absence of a dilated ureter below
the level of the renal pelvis.
Calculi may be identified within the dilated collect-
ing system by virute of their strong proximal echoes
and distal acoustic shadow, and, rarely, a calculus
may be identified at the level of obstruction. A
radiolucent calculus is likely to cast acoustic shad-
ows but the scanning technique is critical. It is
essential to scan at low sensitivities with single
sweeps in order to accentuate possible shadows —
which could be small and lost by virtue of the beam
width effect.
Tuberculosis may be suspected by virute of more
widespread changes of parenchymal destruction in
the kidney with occasional high amplitude echoes
and possible acoustic shadows originating from
areas of calcium deposition (which may not be
visible on radiographs).
Tumours and granulomas (Benign and malignant
tumours) can be distinguished from calculi and also
their extent demarcated ; tumours are more likely to
have echogenic properties similar to renal paren-
chyma, but granulomas in general differ by having
higher echogenicity unless necrosis is a predominant
feature. However, very often these fine distinctions
cannot be made in practice. Obstruction may be a
complication of tumour development with in the
kidney.

Mid-Ureteric Obstruction

The mid-ureteric portion of the ureter is often
frustratingly difficult to visualize echographically
even when it is considerably distended. This is
because this part of the ureter lies in the shadow of
the vertebrae and their transverse processes pos-
teriorly, and gas-filled gut anteriorly and postero-
laterally. And so there is no sonic window allowing
access for the exploring sound beam.

However, if there is a sizeable lesion in the re-
troperitoneal region, it is likely to displace bowel and
then the ureter is more easily demonstrated. The
combination of a hydronephrosis and a retroperi-
toneal mass suggests a mid-ureteric obstruction. In
these circumstances the likely causes are lym-
phomas, metastatic malignancies, tuberculous ade-
nitis, other granulomas and retroperitoneal fibrosis.

Low Ureteric, Intravesical and Bladder

Neck Obstruction

When the bladder is at least half-filled or preferably
at maximum capacity echography can show the
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presence of a dilated ureter or ureters behind the
bladder. Details of masses outside the bladder, the
state of the bladder wall and intraluminal abnorma-
lities may be detected.

The presence of a dilated ureter behind the bladder
suggests possible obstruction. In the ‘megacystis-
megaureter’ condition the ureter may be dilated but
not necessarily obstructed. The echographic clue to
the fact that the dilated ureter is not obstructed is
that the calyces are not significantly dilated, and this
feature should be confirmed by study of the kidney.
However the actual cause may elude ultrasonic
evaluation; for instance, distal ureteral stenosis may
notbe diagnosed, small tumours and calculi could be
missed, and bladder wall calcification from tuber-
culosis and bilharzia may not be appreciated if the
acoustic shadows are “lost” in the bowel echo
pattern beyond.

Vesical wall thickening can be effectively demon-
strated by ultrasound; the thickness is inversely
related to the degree of bladder filling. If the bladder
is extremely thick walled, shrunken and indistensible
then it may be difficult to demonstrate it at all, and
of course any accompanying ureteral dilatation will
be obscured by bowel gas. The diagnosis of an
intrapelvic obstruction can then be inferred from the
ultrasound examination, but not with confidence. In
echography one can only be confident about positive
findings. Tumours at the bladder base, ureterocoeles
and intravesical tumours, calculi and blood clot can
be seen and demonstrated however.

This summary sets out the scope of various in-
vestigatory procedures. Each has a distinctive and
complementary contribution to make in the eval-
uation of the individual patient’s problem. The
purpose of these investigatory procedures is there
fore to define with precision the nature of the
problem so that a rational course of management
can be pursued.

3.3.2 Defining the Site of Obstruction

3.3.2.1 Renal Changes Shown by IVU

(i) The “shell nephrogram”. A thin layer of renal
parenchyma surrounds dilated calyces. During
the nephrographic phase the parenchyma is
opacified, but the urine in the calyces retains its
water density. The parenchymal image has a
curvilinear outline on the radiograph (a
“shell™). This phenomenon is seen especially in
young infants and is seldom observed in older
children (Fig. 3.2)
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Fig. 3.2. Shell nephrogram. In this infant the contrast
medium injected at IVU has faintly opacified the thin layer
of renal parenchyma which surrounds the dilated ca-
lyces. This nephrographic phase occurs during and after
opacification by the contrast medium of all vascular
tissues, but non-vascular spaces, such as the dilated
calyces, are not opacified. This is the whole body
opacification effect enhanced by the nephrogram, which
appears as a ‘‘shell”

(1) The “crescent sign”.[3] The anatomical basis for
this feature is dilatation of collecting ducts lying
in the medulla. These ducts run tangential to the
margin of the papilla which surrounds each
dilated minor calyx. As concentrated contrast
medium from the tubules enters these ducts they
become heavily opacified. Collectively the ducts
show as a crescentic image on the radiograph.
Ataslightly later stage urine in dilated calycesis
opacified by contrast medium, but the opacified
calyx is separated from the crescentic image by a
narrow black line representing the margin of the
papilla. The crescent sign is seldom seen in
infants. It is a feature observed in the young
child especially (Fig. 3.3)

(iii) Lacunae in the papillae may be opacified dense-
ly during IVU in obstructive uropathy. The
precise cause of these lacunae is unknown; they
may be a result of long-standing papillary
necrosis.

(iv) Calyx Opacification. Contrast medium enters

-dilated-calyces from the kidney parenchyma.
When there is considerable calyx dilatation the
contrast medium may not mix with the urine
initially and it collects in a layer in the posterior
aspect of each dependent calyx in a supine child.

Fig. 3.3. Crescent sign. This young child had obstruction
caused by a retrocaval ureter. Dense curvilinear shad-
ows are seen because concentrated contrast medium
given at IVU opacifies dilated collecting ducts. On this
radiograph only a little contrast medium is seen lying in
the posterior, dependent calyces in this supine child

If a radiograph is then taken with the child erect
the heavily opacified urine may form a layer in
the lowest parts of dependent calyces. As time
passes mixing takes place and the calyces are
uniformly opacified: this may take several
hours when there is a large pool of undrained
urine. When calyx dilatation is not so marked
the only distinctive feature in the kidney and
calyces may be the early homogeneous opacifi-
cation of the calyces (Fig. 3.4)

(v) Changes in Kidney Length and Kidney Size. The
diuretic effect of contrast medium may be
sufficient to distend the collecting system and
even small changes in kidney length occur
normally. In a child with a normal urinary tract
very high doses of contrast medium, such as
those given at angiocardiography, can produce
quite considerable distension; but the free flow
of contrast medium is always evident. With the
diuresis induced by a high dose of contrast
medium in protracted obstruction the dilated
parts of the urinary tract may dilate further
(Fig. 3.5)

3.3.2.2 Ultrasonics (Fig. 3.6)

The ability of ultrasound to diagnose urinary ob-
struction rests on recognition of the changed mor-
phology of the kidney, collecting system and ureter.



Fig. 3.4. Calyx opacification and layering effect. In this
child with large kidneys the contrast medium injected at
IVU failed to opacify the calyces when the child was
supine. With the child placed erect, the contrast medium
is seen as relatively dense layers in the lower parts of the
dilated calyces

The Collecting System. The central pelvicalyceal echo
cluster often has a small central echolucent area
representing the small quantity of urine, in transit, in
the renal pelvis. This can be striking in normal cases,
but when this echolucent zone is of the same order of
thickness as the cortex it probably represents mild
dilatation (and by inference obstruction).

If in addition to the central cystic appearance the
calyes are also visible as outpouchings, the dilatation
is moderate. Marked hydronephrosis is indicated
when the renal area is occupied by a virtually cystic
mass whose outline resembles a silhouette of
“Mickey Mouse.” Severe hydronephrosis can be
seen when there is almost total effacement of the dif-
ference between the renal pelvis and the calyces.

Parenchymal Thickness. Further valuable infor-
mation is obtained by measuring cortical thickness.
The relative thinness of this is related to the severity
of the distension, the duration of the obstruction and
the resultant degree of atrophy.

The Ureter. Although the normal ureter is rarely
visualized a dilated ureter can be demonstrated.
Sometimes difficulties may be encountered in estab-
lishing the level of ureteric obstruction, a point dealt
with previously.
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Fig. 3.5a,b. Obstruction with increase in kidney lenght.
a This patient with pelvi-ureteric junction obstruction has,
in the initial IVU radiograph, well-cupped calyces and a
rather box-like renal pelvis in the left kidney. b Radio-
graph taken at 45 min after the child has been put in the
erect position shows the right kidney collecting system
has emptied its contrast medium distally. On the left side
the kidney lenght has increased by 15 mm, the calyces
are rather blunted and the renal pelvis is increasingly
distended. Similar changes can be observed in children
with obstruction more distally in the ureter

Finally it is worth stressing again the advantage of
ultrasonic study in the newborn and in older children
when one kidney is poorly visualized at IVU or
DPTA scan.

3.3.3 Obstruction Proximal to the Bladder

Above the site of obstruction the urinary tract is
dilated and below there is no dilatation. Application
of this principle in the IVU and in the DPTA scan
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Fig. 3.6. a LS prone showing mild hydronephrosis. b Age
4years. LS prone. Moderate hydronephrosis. ¢ LS prone.
Moderate hydronephrosis. d Age 10 days. TS supine
through a hydronephrotic right kidney showing a good
“Mickey Mouse sign” of hydronephrosis. e Age 12 years.
LS prone. The right kidney shows moderate hydroneph-
rosis with good preservation of cortex. Final diagnosis
pelvi-ureteric junction obstruction. f LS supine showing a
massive cyst below the liver. g (same case as in f) LS
prone. A thin rim of cortex posteriorly and virtually
effaced calyces show that this is a gross hydronephrosis



gives the site of obstruction and, by inference, the
cause of obstruction. The degree of dilatation can be
enhanced by high doses of IV contrast medium and
by giving in addition a diuretic such as Frusemide.
Injection of contrast medium directly either by
retrograde catheterization or by antegrade injection
pyelography can on occasion be used to highlight
this change in calibre in the urinary tract.

3.3.3.1 Characteristic Findings

3.3.3.1.1 Hydrocalycosis and Partial Hydronephrosis

(synonym: the upper pole syndrome)
The infundibulum of a major calyx may be narrowed
either by intrinsic stenosis or by vascular compres-
sion. If the minor calyces draining into the in-
fundibulum are grossly dilated and the associated
renal parenchyma has poor function then hAydroca-
Iycosis is present [4]. When calyces are less dilated
and they opacify with contrast medium then the
term partial hydronephrosis [5] is used. Both hy-
drocalycosis and partial hydronephrosis affect es-
pecially the upper pole of the kidney (Figs. 3.7, 3.8,
3.9). Calculi in minor calyces are often associated
with calyx dilatation but this is a separate matter
dealt with in Chapter 5.

3.3.3.1.2 Pelvi-Ureteric Junction Obstruction

and High Ureteric Obstruction

(Figs. 3.10, 3.11, 3.12, 3.13, 3.14 and 3.15)
Pelvi-ureteric junction obstruction occurs more
commonly on the left side than on the right [6,7]. The
narrowing may be caused by either intrinsic stenosis
or an extrinsic vascular compression or both of these

Fig. 3.7. Hydrocalicosis. At IVU this infant with posterior
urethral valves shows distension of the normally located
left kidney calyces. On the right side the calyces are
displaced downward by gross dilatation of the uppermost
right renal calyx — hydrocalicosis — and there is non-
function in this cyst-like lesion
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b

Fig. 3.8a,b. Hydrocalicosis. This IVU shows on a late
radiograph of this neonate that the right kidney has a
dense cavity containing contrast medium at its upper pole
(a@). There is downward displacement of the normal
calyces in the remainder of the kidney, well shown on the
lateral projection (b)

together. Rarely, polyps [8] in the ureteric lumen
produce high obstruction, as may calculi. Typically
the minor calyces and the renal pelvis are dilated and
the kidney parenchymal thickness may be reduced.
In sequential radiographs during an IVU series the
dilatation may increase as the diuresis develops and
the kidney length may also increase. The lumen at
the site of obstruction may not be opacified on the
radiograph when it is severely narrowed but the
ureter below is undilated.

In doubtful cases a radiograph with the child erect
will show contrast medium retained in the upper
tract above the site of obstruction. It is imperative to
define whether the obstruction lies in the pelvi-
ureteric junction or in the uppermost part of the
ureter. When operative correction is carried out the
site of obstruction may not be so clear because there
is no diuresis at the time. Obviously an operative



44 Obstruction in the Urinary Tract

Fig. 3.9. Partial hydronephrosis. The upper pole calyces
are dilated and there is loss of cupping of the minor
calyces. The adjacent parenchyma is thinned. Across the
upper pole infundibulum a vascular impression is visible

>

Fig. 3.10 a, b. Pelvi-ureteric junction obstruction. a At IVU
the right kidney is a simple duplex kidney, but the left has
dilated calyces on the initial radiograph. b After injecting
the diuretic Frusemide, the right kidney calyces clear
contrast medium but the obstructed left kidney does not

procedure carried out on the pelvis and pelvi-
ureteric junction is misdirected when the lesion is a
high ureteric one.

3.3.3.1.3 Obstruction in the Middle Third

of the Ureter

Obstruction in the middle part of the ureter is

produced by relatively few lesions. Some of these are

distinctly uncommon and they may be part of @ more
generalised disease process.

1. Retrocaval Ureter. The ureter becomes retrocaval
[9] during those complex events involving the
development of the inferior vena cava. At IVU
the dilated ureter descends from the right kidney
then sweeps upward and medially to a point
where it passes behind the cava and is obstructed.
Beyond this point the ureter is narrow as it
descends down towards the bladder (Fig. 3.16).

2. Retroperitoneal fibrosis and chronic granulo-
matous disease with continuing inflammatory
change and fibrosis narrow the ureter [10]. Dila-
tation proximal to the obstruction is present [11].

3. Malignant disease in the retroperitoneal region,
especially Hodgkin’s disease, leukaemia, lym-
phosarcoma (including ileocaecal lymphosar-
coma) and sarcoma can also produce ureteric
narrowing, displacement and obstruction.

3.3.3.1.4 Distal Ureteric Obstruction

There is dilatation of the calyces of the kidney which
may also show atrophic changes. The ureter is
dilated down to the point of obstruction. Among the
causes of obstruction at this level, as a specifically
urological problem, is distal ureteral stenosis [12, 13,
14] (Figs. 3.17, 3.18, 3.19, 3.20). Continuing dila-
tation of a ureter after reimplantation in the bladder



a, b
Fig. 3.11a, b. Pelvi-ureteric junction obstruction. a High-
dose IVU in this boy with periodic pain in the left flank

shows on the radiograph at 40 min a dense left nephro-
gram containing non-opacified circular zones occupied

does not necessarily indicate persisting obstruction
(Fig. 3.21). Occasionally the nature of the obstruc-
tion is immediately evident and clear-cut, as in
ureterocoele (Fig. 3.22). Para-ureteric vesical diver-
ticulum (Fig. 3.23) may be an isolated finding or may
occur in conjunction with severe vesical wall hyper-
trophy due to either neuropathic bladder or vesical
outflow obstruction. Changes in the wall of the
bladder and ureter either in tuberculosis or in
bilharzia may be associated with mural calcification
and produce distal ureteral obstruction. Disorders,
both local and general, may cause ureteric obstruc-
tion in the pelvis. Such lesions include continuing
pelvic inflammation (e. g. appendix abscess in the
infant or toddler, or post-operatively following
“pull through™ procedures for Hirschsprung’s dis-
ease or anorectal anomaly), malignant disease,
neurofibromatosis and genital tract lesions, such as
haematometrocolpos and ovarian masses.

With alower urinary tract obstruction and even with
a high dose IVU the study may need to be continued
for a long time before radiographs diagnostic of the
site of obstruction are obtained. This delay reflects
diminished renal clearance of contrast medium
which then has to reach a high enough level to give
an image of the residue of urine trapped above the
obstruction. Ultrasound study is indicated as it may
be able to define the presence, site and nature of a
pelvic mass.

When bilateral dilatation of the collecting system
and ureters is present a possible obstruction to
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by dilated calyces. The kidney is rotated with its lower
pole lying laterally. b Late radiograph at 17 h shows the
faint opacification of the dilated renal pelvis

bladder emptying must always be considered. A
vesical outlet obstruction may be excluded by MCU
in all cases except those where the cause, as in large
extrinsic masses, is clearly evident. The combination
of lower tract obstruction with vesico-ureteric re-
flux, so often associated with an obstruction to
bladder emptying, is especially deleterious to kidney
function; in obstructive uropathy it commonly
causes non-function at IVU.

3.3.4 Causes of Obstruction to Bladder Emptying

Clinical examination may indicate the bladder is
large and does not empty, the urine stream may be
seen to be poor and there may be incontinence. These
findings have led, in common practice, first to an
IVU and ultrasound study and then to an MCU.
This gives a definitive answer to the question of
obstruction of vesical emptying.

Retrograde urethral catheterization or suprapubic
puncture are commonly employed techniques for
introducing contrast medium into the bladder. Less
commonly and usually in older children, bladder
emptying can be assessed late in an IVU study.
Injection of viscous medium into the male urethra is
used principally to define distal urethral obstruction.
A description of the causes and findings in lower
urinary tract obstruction follows. Some of the
lesions are found in both sexes, but some such as
posterior urethral valves are found only in males.
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Fig. 3.12 a—c. Pelvi-ureteric junction obstruction. a This
neonate had an abdominal mass diagnosed on antenatal
ultrasound examination. IVU within 24 h of delivery
showed the left-sided mass with a little contrast medium
along its supero-lateral margin. No sign of any right
kidney was seen in the urogram series. b DTPA study
shows a normal right kidney. The left kidney has an early
“Photon negative” zone centrally (top leff)y and 3 h
(bottom right) this central zone has accumulated isotope
within the previously negative area. c DMSA scan shows
on the upper image using the converging/diverging
collimator the two kidneys and, the two lower images
present views of the left and right kidneys respectively.
Comment. This series shows (i} how misleading an IVU in
the first 24 h of life can be, (ii) the value of the DTPA scan
in assessing function and (iii) how the DMSA scan in this
case establishes that renal tissue is present and normal
on the right side — prognosis being determined by the
status of the contralateral kidney

a, b

The conditions are listed according to location, the
most proximal appearing first.

3.3.4.1 Vesical Diverticulum

A large posteriorly located diverticulum lying be-
hind the bladder base distends as the bladder con-
tracts. The most inferior part of the diverticulum, as
it distends, compresses the bladder neck and the
most proximal part of the urethra. Incomplete
urethral obstruction results. The detrusor relaxes
after micturition ceases and the bladder refills from
the distended diverticulum. This condition is seen in
males (Fig. 3.24). Young boys can have quite serious
associated upper tract problems which are charac-
terized as obstructive uropathy, but there may be a
considerably amount of ureteric reflux also present.

3.3.4.2 Bladder Neck Obstruction

In former times and long ago this diagnosis was not
uncommon and applied mistakenly to male infants
who had posterior urethral valves (Fig. 3.25). The
reason for this mistake was simply that the bladder
neck was undoubtedly narrow relative to the pos-
terior urethra, but in itself the bladder neck was not
absolutely narrowed. Obstruction at the bladder
neck does occur but as a part of other problems.
These include ectopic ureterocoele (Fig. 3.26), rhab-
domyosarcoma and polyp (Fig. 3.27).

3.3.4.3 Posterior Urethral Valves

Bladder emptying is obstructed by a membrane of
tissue arising from the anterior aspect of the urethra.



Fig. 3.13a—c. Bilateral pelvi-ureteric junction
obstruction. a IVU in this 2-year-old with abdo-
minal distension, polyuria and polydipsia
shows no function in the right kidney and at 2 h
in the erect position a grossly dilated faintly
opacified lesion of the left kidney. b DTPA scan
shows at 2 h (bottom right) the accumulation of
isotope in the dilated renal pelves (much more
being in the left renal pelvis), a sequence
indicating obstruction. ¢ Bilateral retrograde
pyelograms show gross distension of the renal
pelves with malrotation of the left kidney.
Comment. This series shows how the IVU may
be of very limited heip in children with severe
chronic obstruction and verging on renal fai-
lure. The renogram shows that the level of
obstruction is high in the urinary tract and
indicates that the next (and decisive) investi-
gation should be a retrograde study c

As the urethra fills from the bladder the membrane
distends, and, valve-like, occludes the lumen of the
urethra [15, 16, 17, 18]. Distal to the valves the
urethral lumen is narrow ; proximal to the valves the
posterior urethra is dilated and elongated. The
membrane of the valve tissue can be seen on high-
quality radiographs at the point of transition in
urethral calibre (Fig. 3.28). To demonstrate urethral
valves adequately it is essential to have a good
detrusor contraction for only then will the posterior
urethral dilatation, the valves and the anterior
urethra be shown. The junction between the bladder
lumen and the urethra, although narrower than the
dilated urethra below, is not absolutely narrowed.
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In practice posterior urethral valves when ade-
quately defined do not have a differential diagno-
sis. However, prolapsing ectopic ureterocoele can
sometimes mimic these appearances.

Posterior urethral valves in a male is one of the
common causes of obstruction. The obstruction
itself is relatively easily treated by diathermy. The
problems lie elsewhere and proximally (Figs. 3.29,
3.30, 3.31). A minor problem is prostatic duct reflux
which, if infection is present, may hinder its erad-
ication. Detrusor hypertrophy occurs and the blad-
der may have many saccules along its contour. This
bladder wall hypertrophy may be associated with no
undue increase in bladder capacity but it can in



Fig. 3.14. a Age 9. LS prone. Gross hydronephrosis of the
left kidney in a boy who presented with abdominal pain
and a mass on the left. b (same case as in a) LS prone
showing a normal right kidney. ¢ (same case as in a) TS
prone demonstrating again the large hydronephrosis

terfere with the opening of the intramural section of
the ureter; thus, serious bladder wall hypertrophy
can lead to ureterovesical junction obstruction and
this persists even when the valves have been ablated.
Vesico-ureteric reflux may occur and the com-
bination of distal obstruction with reflux into the
upper tract usually produces a sharp reduction in the
performance of the kidney subject to reflux. In both
obstruction alone and reflux with obstruction there
is often serious widening and increased tortuosity of
the ureter.

As will be discussed later, cystic disease is often
associated with obstruction. Infants with posterior
urethral valves are no exception and such cystic
changes add to the problems they have. Further-
more, since there is a large undrained urinary residue
urinary infection may occur and lead to pyeloneph-
ritic scarring. Add to these the elements of either
obstructive renal atrophy or compromised renal

with a massive dilated renal pelvis anteriorly. d (same
case as ina) TS prone beneath the level of the kidneys, no
evidence of a dilated ureter on the left, suggesting a high
ureteric obstruction most probably at the pelvi-ureteric
junction

development and there is a concatenation of dam-
aging influences which can compromise renal func-
tion and jeopardise long-term survival. The prog-
nosis in posterior urethral valves is determined by
factors other than the primary obstruction —and this
applies to other obstructing lesions such as ectopic
ureterocoele.

Even so, there are many young infants who have a
rapid recovery and a good potential for the future
after the urethral obstruction has been removed.
Careful follow-up studies are always needed.

3.3.4.3.1 Tactics and Strategy in Investigating
Patients With Posterior Urethral Valves
The newer modes of investigation and their role are
exemplified by the changed pattern of investigation
of the young male suspected of having obstructive
uropathy and posterior urethral valves. Usually, the
clinical evaluation leads to a high level of suspicion



a,b
Fig. 3.15a,b. High ureteral polyp. a Initially the IVU shows
the right kidney is much larger than the normal left
kidney. The right nephrogram at 2 h is dense because the
kidney is acutely obstructed. The circular zones of
increased transradiancy are due to non-opacified urine
in dilated calyces — a sequel to protracted obstruction as
an underlying feature. b A later radiograph in the prone

Fig. 3.16. Retrocaval ureter. This right-sided lesion may
have serious obstructive effects (see Fig. 3.2). At IVU the
course of the dilated ureter is diagnostic; it passes
downward to its middle third, then sweeps upward to the
point of obstruction, where it passes behind a component
of the cava, on this radiograph with the child prone. It is
not necessary to carry out contrast medium studies of the
caval system, just as it is unnecessary to undertake
vascular studies in obstructed retroiliac ureters
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position shows contrast medium passing into the upper
part of the ureter which is obstructed apparently com-
pletely by the intraluminal polyp. Comment. It is impor-
tant to define accurately the level of obstruction in the
upper tract (e.g. high ureteric versus pelvi-ureteric) so
that surgery takes place at the correct level

of the diagnosis because the kidneys are palpable, the
bladder is large, the urine stream on voiding is poor
and there may be an accompanying urinary tract
infection.

In such circumstances and without upset to the
young infant ultrasonics can be expected to yield the
following information. It will confirm the dilatation
of the pelvicalyceal system in the kidneys and show
the parenchymal thickness. Perinephric collections
of urine caused by leakage from the upper tract will
be defined, as will any possible urinary ascites. When
the bladder is examined its overall capacity can be
assessed, at least in a semi-quantitative way, and the
vesical wall thickening, sacculation and diverticula
can be shown. Dilated ureters entering the posterior
aspect of the bladder will be demonstrated unless
they have particularly hyperdynamic peristalsis and
when, by coincidence, a ureteric contraction occurs
at the moment when the sound beam sweeps across
the area. Real time ultrasound study should avoid
this combination of events producing diagnostic
problems. Thus, echography confirms the clinical
impression and indicates there is a lower urinary
tract obstruction.

MCU is the logical next investigatory step. It
demonstrates the cause of obstruction, confirming
the diagnosis of urethral valves and the vesical wall
hypertrophy. If reflux into a ureter is present, then
the upper tract on the side subject to reflux is shown.
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Fig. 3.17 a—c. Ureterovesical junction obstruction. Age 11.
a At IVU there was no evidence of function in the left
kidney 5 min after injection of contrast medium. Patient
was therefore studied by echography. Full-lenght post-
echographic radiograph is shown. b LS supine, left of
midline, shows a massive hydronephrosis, tortuous
dilated ureter and normal full bladder. ¢ TS supine view of
bladder showing the dilated left ureter. As a result of this
examination a late post-voiding radiograph was taken to
show that there was no evidence of reflux. Diagnosis:
ureterovesical junction obstruction on the left

Fig. 3.18. a Age 3. LS supine view of the bladder. The
dilated ureter is seen tapering behind this. Unilateral
ureterovesical obstruction. b (same case as in a) TS
supine view of the bladder showing a single dilated ureter
onthe left. The normal right ureter was not demonstrated

Once the valves have been defined they can, at the
elective moment, be ablated by diathermy. Even
when there is no reflux sufficient information will
generally have already come from echography about
the status of the upper tract to make any additional
study of its status superfluous at this stage.

The next phase is concerned with evaluating the
upper tract and bladder once the valve ablation has
been carried out or other drainage procedures, such
as nephrostomy, performed. Echography can con-
firm at any time that there are no upper tract
complications such as perinephric collections which
may have become infected. Upper tract dilatation
often rapidly improves after urethral obstruction
has been relieved. The bladder capacity falls sharply
following valve ablation although residual thicken-
ing of the wall can be expected to persist for some
time.

Surveillance of the patient over the long term must
be contemplated and the baseline investigations for
this carried out. There is also great need to recognise
that complications can develop sooner rather than
later. Isotope scans are used to estimate the contri-
bution of each kidney to overall renal function and



Fig. 3.19. a LS supine. There is a large hydronephrotic
sac under the liver, beneath this a serpignous dilated
ureter. There was a similiar appearance on the left. b
(same case as in a) TS supine view of the bladder. Dilated
ureters can be seen behind the bladder indicating
possible bilateral ureterovesical obstruction

assess the significance of any continuing upper tract
dilatation (Fig. 3.32). IVU demonstrates the ana-
tomy of the upper tract and the vesical volume once
the primary obstruction has been relieved. MCU
confirms satisfactory urethral flow and indicates
whether reflux is persisting. This is one upper tract
problem which may well demand a further surgical
intervention. Reflux may be associated with excep-
tionally poor and declining function in the kidney;
nephroureterectomy may be appropriate if the con-
tralateral kidney takes over urine clearance but,
more hopefully, ureteric reimplantation will be
possible when the kidney continues to function. The
second upper tract problem is persisting or increas-
ing dilatation without vesico-ureteric reflux. This
eventuality most often results from vesical wall
hypertrophy although a para-ureteric diverticulum
or saccule may contribute to the problem. When the
bladder volume is sharply reduced (either because of
catheter drainage or valve ablation) the already
hypertrophied wall becomes exceptionally thick and
narrows the intramural course of the ureter. Fur-
thermore, incompetent ureteric peristalsis in a di-
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Fig. 3.20. Distal ureteral stenosis. Previous serve upper
tract dilatation detected on the right side with no evidence
of vesico-ureteric reflux at MCU. Nephrostomy drainage
instituted. Contrast medium injected through the
nephrostomy tube passes down the dilated ureter, but
only a small volume enters the normal bladder. Such
drainage procedures enable an obstructed kidney func-
tion to be studied directly on clearance studies and by
splitfunction renography. If function is exceptionally poor
and the condition is unilateral, nephroureterectomy may
be the next step. Should it be decided to retain the kidney
and carry out ureteric reimplantation, then fluoroscopic
studies of ureteric function can be useful

lated ureter is yet an additional factor in the upper
tract dilatation. If reimplantation of a dilated ureter
into a grossly hypertrophied bladder is to be satisfac-
tory great skill is needed. The objective of sur-
veillance is to enable those appropriate steps to be
taken which ensure good renal function and a good
potential for kidney growth.

Although the topic of posterior urethral valves has
been singled out for detailed analysis among the
causes of obstructive uropathy similar principles of
investigation and evaluation are applicable in vary-
ing degrees to other lesions causing lower urinary
tract obstruction.

3.3.4.4 Anterior Urethral Diverticulum

This condition [19] is sometimes called “‘anterior
urethral valve”. As contrast medium is voided along
the male urethra the calibre is seen to be increased
proximal to the site of the diverticulum. The diver-
ticulum itself is located inferiorly and as voiding
occurs it distends. The distal mucosal lip of the
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Fig. 3.21. DTPA scan following reimplantation of the left
ureter for reflux shows no post-operative obstruction. At5
min, isotope has accumulated in the renal substance of
both kidneys (top fleft). There is subsequent filling of a
dilated left pelvicalyceal system. After the intravenous
injection of the diuretic Frusemide, there has been good
clearance of isotope from the left side (bottom right). This
indicates that the left system is dilated but not obstructed.
Isotope studies of this sort are particularly valuable in the
post-operative follow-up of a child with poorly functioning
and dilated systems on VU

diverticulum obstructs flow into the urethra beyond
and so the urethra distal to the diverticulum is of
narrow calibre (Fig. 3.33).

3.3.4.5 Distal Urethral Obstruction

This may be caused by phimosis (Fig. 3.34), meatal
stenosis [20] (Fig. 3.35) or urethral stenosis (Figs.
3.36 and 3.37) just proximal to the meatus. The first
two of these conditions may be suspected clinically.
All give distinctive appearances on voiding cysto-
grams. Phimosis with infection can give severe
obstruction.

3.3.4.6 Calculus Obstruction

A calculus may pass into the urethra, impact, and
cause obstruction. The calculus may lodge in the
bladder neck, in the posterior urethra above the
membranous urethra, and in the fossa navicularis
distally.

3.3.4.7 Urethral Duplication

Most urethral duplications are complete and non-
obstructive. Rarely they are incomplete [21, 22] and

Fig. 3.22. Orthotopic ureterocoele. On this descending
study, following nephrostomy drainage for non-function
on IVU, the dilated submucosal segment of ureter,
proximal to the ureteric meatal stenosis, is densely
opacified by contrast with the less dense urine in the
bladder. The thin transradiant rim of the wall of the
ureterocoele is clearly seen

produce obstruction at the junction of the two
urethral lumina. The single distal urethral lumen is
not dilated.

3.3.4.8 Urethral Stricture

Obstruction by stricture may follow accidental trau-
ma (usually to the perineum) and is followed by
urethral scarring and narrowing. Urethral oper-
ations for repair of hypospadias and exstrophy can
sometimes result in stricture formation. Protracted
periurethral inflammatory changes may produce a
stricture, sometimes over quite a long distance.
Fortunately, the incidence of strictures in the vi-
cinity of the suspensory ligament and following
catheter drainage of the bladder is now virtually an
event in past history.

3.3.5 Effect of Obstruction on the Bladder

Generally, when the bladder’s outflow is seriously
obstructed it fails to empty completely. This can be
observed clinically, on post-micturition films at [IVU
and at MCU. However, it is quite common, because
of the circumstances of the procedure, for the



a, b

Fig. 3.23 a, b. Para-ureteric diverticulum. a IVU shows the
dilated collecting system and ureter draining the left
kidney. Dilatation extends down to the vicinity of the
bladder. b MCU demonstrates the para-ureteric diverti-
culum, which obstructs the lower end of the ureter. Such a

Fig. 3.24. Vesical diverticulum obstructing urethra. MCU
shows, as the bladder contracts, a large posterior
diverticulum extending downward to obstruct the urethra

bladder not to be emptied completely at MCU, even -

when there is no obstruction. The post-micturition
vesical residue can be studied in more natural
circumstances by ultrasonics.

Acute obstruction to vesical emptying results in
painful retention. Such retention can sometimes
occur in young males whose micturition is inhibited
by local problems, such as painful meatal ulcer.
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finding and the difficulty of distinguishing severe primary
reflux at IVU from obstruction in the very young underline
the need for MCU in cases of suspected lower ureteric
obstruction

Fig. 3.25. Posterior urethral valves. Infant aged 3 months
who voided slowly and who had posterior urethral valves.
The distal part of the urethra is narrow. At the valve site
there is additional narrowing and slight dilatation im-
mediately proximal to the valves. The vesico-urethral
junction is narrower than the diameter of the bladder
above and the urethra below, but it is not absolutely
narrow. Such findings are a feature of rather poor
detrusor contraction at the time of MCU, combined with
vesico-ureteric reflux, which was also present
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Fig. 3.26. Prolapsing ectopic ureterocoele in a male. At
MCU in a boy, if the ureterocoele prolapses into the
urethra while the bladder neck is widely open on voiding,
the proximal part of the urethra has the appearance of an
inverted cone and the filling defect of the non-opaque
ureterocoele is shown. This appearance must be dis-
tinguished from that of posterior urethral valves, and very
careful study of the upper tract features is essential

Fig. 3.27 a, b. Simpie polyp atthe vesico-urethral junction.
Retention, haematuria, and urinary infection are present-
ing clinical features of varying prominence. a At MCU
during the vesical filling phase the polyp lies in the
vesico-urethral junction. There is bilateral vesico-
ureteral reflux, with parenchymal opacification of the left
kidney caused by intrarenal reflux. There is persistent

Fig. 3.28. Posterior urethral valves. The delicate mem-
branous folds of the valve tissue present no obstruction to
transit of the catheter into the bladder, but when voiding
at MCU occurs the valves severely occlude the lumen. In
this young infant the valve membrane can be seen below
the dilated proximal urethra and at the point where the
lumen is abruptly narrowed. A little reflux into the
prostatic ducts, which is seen in this example, is quite
common. Some reflux into an ureter is also shown

undrained urine in the upper tract which dilutes the
contrast medium as it enters the ureter (see rightside). b
During voiding the polyp descends through the wide
bladder neck into the urethra. The proximal part of the
urethra in which the polyp lies is dilated, but distally the
urethra is narrow



b

Fig. 3.29 a, b. Posterior urethral valves. a A male neonate
aged 3 weeks in renal failure with urinary infection. MCU
shows the smooth, elongated and dilated posterior
urethra. Atthe valve site the urethra changes calibre very
sharply and is narrow beyond the valve site. The bladder
above the dilated posterior urethra has many saccules on
its posterior aspect. At this stage of the cystogram reflux
of contrast medium into an ureter (right) is seen. b MCU:
The infant has failed to empty the bladder which is
trabeculated as well as sacculated. Bilateral reflux into
dilated, rather tortuous ureters is shown. All the calyces
of the kidneys are dilated and there is opacification of the
renal parenchyma; in part this is intrarenal reflux with
diffuse opacification, butthere are also some small spots
of contrast medium indicating cystic change in the
kidneys. In this infant the combination of urethral valve
obstruction, a powerful detrusor action and bilateral
vesico-ureteric reflux has dilated the upper tract. How-
ever, there is in this young infant a good renal paren-
chymal thickness present. After medical treatmentand a
short period of catheter drainage, the valves were
cauterized by diathermy

Protracted obstruction to bladder emptying can
develop in utero or later in life. Detrusor hyper-
trophy, saccule formation and diverticula are all
consequences of obstruction. Such alterations in
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Fig. 3.30. a LS supine view of bladder. The bladder wall is
thickened with saccule-like trabeculation. b (same case
as in a) TS supine scan shows the irregular bladder
contour with dilated ureters posteriorly. Both kidneys
were hydronephrotic. These scans indicated that the
obstruction was at the urethral level

bladder structure need to be differentiated from
those of neuropathic origin. Not all obstructed
bladders are large, indeed, marked detrusor hyper-
trophy may be sufficient to overcome the urethral
obstruction and bladder capacity may remain nor-
mal. All these features can be shown by MCU, but
sonography can be a decisive non-invasive technique
yielding similar information.

If vesico-ureteric reflux is present in addition to
obstruction to bladder emptying, then as the de-
trusor contracts, upper tract distension of consider-
able degree often develops.

Obstruction, caused by for example urethral valves
in a male infant, can be relieved and the previous
considerable upper tract dilatation may rapidly
ameliorate.
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Fig. 3.31. Posterior urethral valves. MCU in a child with
posterior urethral valves shows some filling of proximal
part of the urethra with prostatic duct filling. The bladder
is cone-shaped with multiple saccules and a grossly
thickened wall. Reflux into the dilated, rather tortuous
ureter opacifies the calyces and the tips of the papillae by
intrarenal reflux. It is important to differentiate this type of
apperance from that due to a neuropathic bladder

Fig. 3.32. DTPA scan in a child with a solitary left kidney
and a persistently dilated system following resection of
posterior urethral valves. At 5 min (top left) there is good
perfusion of the solitary left kidney. After the intravenous
injection of Frusemide there has been good clearance of
isotope (bottom right) indicating that there is no continu-
ing obstruction in the dilated system

Fig. 3.33. Anterior urethral diverticulum. At MCU the
voided contrast medium enters the diverticulum; this may
have been perceived by the astute clinician on his
examination. On voiding, contrast medium enters the
diverticulum freely, but egress is impeded by a mucosal
flap which partially closes the lumen and so the urethra
distal to the diverticulum is much narrower then the
lumen proximal to the diverticulum

Fig. 3.34. Phimosis. As in meatal stenosis, a narrow-
gauge catheter must be used for injection into the biadder
per urethram. On the voiding phase of MCU the urethra is
not unduly wide, but the preputial sac distends with
contrast medium. Unless urinary infection supervenes
(when the young boy may become seriously ill} the lesion
is easily treated



Fig. 3.35. Meatal stenosis. In meatal stenosis the urethra
must be catheterised by a narrow-calibre catheter of 4FG
or 6FG size. This example, in a boy aged 9 years, shows
dilatation of the urethra proximally and a narrow jet of
contrast medium voided past the stenosis. The impact of
such obstruction is usually slight by comparison with
proximal urethral obstruction caused by posterior ureth-
ral valves and upper tract dilatation is usually slight even
when it is present

Fig. 3.36. Urethral stenosis. Congenital urethral stenosis
may be an exceptionally serious condition when the
anterior male urethra is narrowed over much of its
length. It is impossible to catheterise the urethra, so
contrast medium must be introduced into the dilated
bladder by the suprapubic route. Bilateral and serious
renal maldevelopment results in “non-function” at IVU
and severe bilateral vesico-ureteric reflux can be the only
way to opacify the upper tract via the dilated tortuous
ureters at cystography. The male anterior urethra has a
narrow lumen if an erection occurs, but simple obser-
vation should mean no diagnostic problems arise. Ureth-
ral stenosis in girls is exceptionally rare and a sense of
the obstruction can usually be perceived at catheterisa-
tion per urethram
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Fig. 3.37. Acquired urethral stenosis. This is a rare event
in infants and children. In this boy peri-urethral in-
flammatory changes with small abscess cavities opac-
ified by the voided contrast medium have together
narrowed the urethral lumen. Although proximal urethral
dilatation is present, no dilatation of the upper urinary
tract had occured. Periodic painful retention was the
presenting symptom and the boy was a diabetic.
Stricture due to trauma used to be a not uncommon event
in boys who had rubber indwelling catheters in situ;
fortunately such strictures localized to the vicinity of the
suspensory ligament are now very rarely seen with
modern catheters and modern drainage techniques.
Post-operative stenosis of the reconstructed urethral
lumen following plastic procedures still occurs from time
to time

3.3.6 Urinary Ascites and Perinephric Urinoma
(Figs. 3.38, 3.39 and 3.40)

Although extravasation of urine can occur at any
age, neonates are especially vulnerable to this event.
The combination of prenatal obstruction and the
trauma of delivery probably account for this. The
urinary leak can be confined to the perinephric
tissues and produces a ‘‘urinoma”; this may be
palpable clinically as an ill-defined loin mass. When
urine leaks into the peritoneal cavity urinary ascites
develops [23, 24, 25]. In both types of leakage
complex serum electrolyte disturbances ensue as
part of the renal failure.

The precise site of extravasation from the urinary
tract may not be demonstrated by IVU or at surgical
exploration. When vesico-ureteric reflux is present
the MCU can show the site of leakage which is often
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Fig. 3.38. Urinary ascites. This neonate, whose spinal
problem is shown, had a distended abdomen. The
distension was caused by leakage of urine from the
neuropathic bladder, with quite free spitlage of contrast
medium into the peritoneal cavity at cystography

Fig. 3.39. Urinoma in infant with posterior urethral valves.
At MCU, reflux up the ureter has opacified the collecting
system of the left kidney. Leakage through the renal
parenchyma into the space around the left kidney (the
urinoma) is shown

through the fornix of a calyx or from a bladder
saccule. Common causes of urinary leakage are,
primarily, urethral valves [27] and neuropathic
bladder. Much rarer causes include pelvic tumours
(such as neuroblastoma), urethral atresia associated
with imperforate anus, urethral stenosis, ectopic
ureterocoele, and pelvi-ureteric junction obstruction
[26].

When leakage is from the kidney the perinephric
collection can be difficult to identify at IVU al-

Fig. 3.40. Age 10 days. TS supine view of the left kidney.
Moderate hydronephrosis is seen with an appreciable
renal cortex. Between the kidney and the spine is another
echolucent area: a perinephric leak of urine secondary to
a lower urinary tract obstruction. There was a simitar
appearance on the right side, but neither were seen
during the prone examination

though sometimes a vague perinephric haziness
develops late in the IVU series. The non-opacified
perinephric collection may be seen as a radiolucent
area around the kidney and posterior abdominal
wall. Ultrasonics studies can be decisive in showing
such perinephric collections (Fig. 3.40).

Urinary ascites, as with any other form of severe
ascites, characteristically shows on a plain radio-
graph; features in the supine film are the central
location of gas-containing loops of gut within the
abdomen, the overall abdominal distension, and the
inability to define the margins of the liver, spleen or
posterior abdominal wall structures. Urinary ascites
is seldom a minor clinical feature and ultrasonics
studies are rarely needed to confirm its presence.
Nevertheless sonography is a decisive investigatory
technique in assessing abdominal distension because
it will differentiate in clear-cut fashion intraperi-
toneal fluid collections from all other causes of
abdominal distension and if the cause is urinary
ascites due to renal leakage it will identify the side.
One important and interesting fact is that, when
perinephric leakage has occurred, the kidney often
has a very good potential for function and growth.
Effective clinical management realises this potential
and such infants can have an excellent long-term
prospect.

In older children with hydronephrosis, minor trau-
ma can lead to either haematuria or perinephric
leakage of urine. Such kidneys may be severely
hydronephrotic and their function at IVU much
diminished. Ultrasonic studies can usually show the
nature of the kidney problem and the perinephric
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urine collection. Injury at the pelvi-ureteric junction
may lead to encapsulation (and a parapelvic cyst) or
downward extension alongside the ureter at the
acute stage of damage.

3.3.7 “Non-Functioning’’ Kidney

In the concept of the ““non-functioning” kidney it is
presupposed that an IVU had led to this finding. The
contralateral kidney must be studied carefully.
Considerable compensatory hypertrophy in the con-
tralateral kidney suggests the condition of non-
function has been present for a long time. Since very
young patients grow quickly compensatory hyper-
trophy can develop in a period of months, which in
the life span of a young infant is along time. Bilateral
disease patterns in kidney conditions are well re-
cognised and include obstruction, calculi, Wilms’
tumour and atrophic scarred kidneys. Finally, prog-
nosis for a child is very often determined by the
status of the contralateral kidney when non-
function is present on the one side.

There are two broad groups of non-function — a
kidney mass may or may not be palpable on the side
of non-function.

A. When there is a mass present clinically the

following more common diagnostic possibilities are

present:

1. Hydronephrosis — due to obstruction or obstruc-
tion and vesico-ureteric reflux.

2. Wilms’ tumour.

3. Pyonephrosis — often with an opaque calculus
being visible on plain radiograph.

4. Multicystic kidney — with possible contralateral
dysplasia or obstruction.

5. Adult-type polycystic disease with predominant
involvement of one kidney.

6. Renal venous thrombosis in young infants.

7. Compensatory hypertrophy with severe damage
in the contralateral kidney.

B. When there is no mass clinically detectable the

following diagnostic possibilities are present:

1. Unilateral renal aplasia, severe hypoplasia, sev-
ere dysplasia (maybe in an ectopic kidney), small
multicystic kidney.

2. Obstructive atrophy from any cause.

3. Severe chronic atrophic pyelonephritic scarred
kidney.

4. End-stage renal venous thrombosis.

In Group A ultrasonics is especially helpful in

distinguishing between Wilms’ tumour and obstruc-

tion to a kidney. Pyonephrosis may give the clinical
impression of being solid because of inflammatory

change and so it is easily differentiated from Wilm’s
tumour because of its echo pattern.

Sonography is useful in Group B because it can be
expected to show if any kidney-like structure is
present at all. Furthermore, radioisotope studies,
especially the DMSA scan, can help in locating small
amounts of kidney tissue or ectopic kidneys which
are apparently non-functioning at IVU.

3.4 Tactics in Investigation of Patients
with Suspected Obstruction

3.4.1 Investigation to Establish Diagnosis
of Obstruction

Sonography can establish, by non-invasive means,
whether there is dilatation in the upper urinary tract,
the lower ureter and bladder. An IVU, in con-
Jjunction with these findings and the clinical features,
will generally dictate the subsequent course of
management if obstruction appears to be high in the
upper tract at ultrasound examination. This is
because an IVU can establish the diagnosis of
obstruction when there is either singly or in
combination:

calyx dilatation;

dilatation of calyces and pelvis;
and dilatation of calyces, pelvis and upper ureter.
Supplementary retrograde or antegrade injection
studies can usefully highlight the nature of the
problem in a very few selected cases.
If a kidney is non-functioning at IVU, ultrasonics
studies can usually elucidate the nature of the
problem, but a DMSA scan will also be helpful on
occasion. Both DMSA scan and DTPA scan can be
used to quantify each kidney’s function and the
findings may influence decisions about manage-
ment, such as whether it is worth conserving a
kidney whose function is very severely compromised
when the contralateral kidney functions well and has
a favourable morphology.

3.4.2 Evaluating the Upper Tract Problem
in Lower Ureteric Obstruction

Obstruction high in the upper tract, above the
middle third of the ureter, can be defined with
certainty as to site and cause by IVU in the majority
of patients. However, when the ureter is dilated
down to its lower reaches fluoroscopic study either
at IVU, or after direct antegrade injection at uro-
dynamic studies or after ureterostomy diversion can



60 Obstruction in the Urinary Tract

help in assessing obstruction. Normally peristaltic
waves start high in the ureter and descend towards
the bladder. At the level of peristaltic contraction the
lumen of the ureter is occluded and a small amount
of contrast medium in the urine is propelled towards
the bladder by the peristaltic wave. In distal ureteral
obstruction the peristaltic wave passes down the
ureter but the whole of the ureteric content in front
of the wave does not. As the wave approaches the
point of obstruction some of the ureteric content
passes backward through the advancing peristaltic
wave which does not occlude the ureteric lumen.
Thus, the ureteric peristaltic wave is incompetent
and the severity of obstruction can be related to (1)
the degree of occlusion of the ureteric lumen by the
peristaltic wave, (ii) the volume of urine entering the
bladder with each wave, and (ii1) the amount of urine
passing proximally through the advancing peri-
staltic wave.

Although these are subjective assessments they can
be very helpful, for if reimplantation of the ureter
into the bladder is being contemplated it is encourag-
ing to know the ureter contracts well. On the other
hand, when the ureter does not contract well and it is
exceptionally dilated and kidney function is de-
teriorating, then urinary diversion may be preferred.
Such a diversion may be the one way of relieving
obstruction with certainty and arresting the progress
of obstructive renal atrophy.

3.4.3 Role of Cystography

MCU is a logical further step when there is dila-
tation extending down to the lower part of the ureter
shown by either echography or radioisotope scan.
An IVU is a debatable early investigation of choice
in patients who may have a lower ureteric obstruc-
tion. The reason is simply that so often a lower
ureteric obstruction is secondary to a vesical prob-
lem or a urethral obstruction. Obviously there are
exceptions such as mass lesions in the pelvis which
cause obstruction, or intramural lesions such as
bilharzia and then an IVU may be the preferred
examination,

Not all patients who have dilatation in the urinary
tract have got obstruction. The child with the absent
abdominal muscles syndrome is but one example.
Free primary vesico-ureteric reflux in an infant or
young child is a rather more subtle problem but it is
quite common and this simply underlines the value
of MCU when suspected obstruction is not clearly
high in the upper tract.

3.5 Monitoring Progress

After any intervention to relieve obstruction studies
are needed to demonstrate its efficacy. Such studies
are directed towards establishing that (i) obstruction
has been relieved and previous proximal dilatation
has receded, (ii) kidney function is improving and
(iii) satisfactory kidney parenchymal growth is oc-
curring. Classic radiological studies, sonography
and radioisotope examinations each have a role.
Many examples of obstruction are encountered early
in life and follow-up studies are needed to ensure
satisfactory continuing management over the child-
hood years. In such studies radiation dose must be
kept to a minimum.

After surgical intervention to relieve obstruction a
range of investigations is carried out (sooner rather
than later in, for example, infants who have pos-
terior urethral valves) to establish a baseline against
which subsequent follow-up studies can be assessed.
In the follow-up of patients, radioisotope studies
attain particular significance because they yield
information about the way in which each kidney’s
function is developing. IVU indicates what trends,
either favorable or unfavorable, are unfolding as
time passes. MCU is especially important because (1)
it demonstrates the efficacy of measures taken to
relieve urethral obstruction and any complication,
such as urethral stricture, which may have super-
vened, and (ii) it will show the development or
continuation of vesico-ureteric reflux, this being of
distinctive importance in the follow-up of patients
with posterior urethral valves, obstructing ectopic
ureterocoele, and patients in whom reimplantation
of the ureter has been carried out. Echography
demonstrates morphology in the upper tract includ-
ing renal parenchymal growth and it may be used to
assess residual urine volumes after micturition.
Initial post-operative studies may be very encourag-
ing. For example, after posterior urethral valves or
an ectopic ureterocoele have been dealt with there
may be a dramatic reduction in the distension in the
upper tract; the amount of renal parenchyma may
clearly then be sufficient to ensure a good prognosis.

One of the chief problems arises when upper tract
dilatation continues. Such a feature predicates one
of the two questions —is the dilatation a consequence
of continuing obstruction or is it a consequence of
long standing anatomical changes produced by
obstruction? Help in getting the right answer can be
obtained by careful study of sequential films in an
IVU series as diuresis due to the contrast medium
injection begins, reaches a peak and recedes. Uro-



dynamic studies with perfusion through the site of
possible obstruction can be decisive in selected cases;
by adding some contrast medium to the perfusion
fluid it is possible to assess the potential of ureteric
peristalsis to propel urine distally. Sequential radio-
isotope studies, with a timely injection of a diuretic,
is another way in which the answer to these ques-
tions may be sought.

In all this endeavour there is the need to prevent
progressive obstructive atrophy [28] and secure the
potential for renal growth. This is but one of the
differences between the infant or young child with
obstruction and the adult patient. The differences
are substantial and many in number.
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