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Foreword

This volume is concerned with the clinical aspects of urology in childhood;
the anatomy, physiology and pathology are discussed only where they have a
direct bearing upon the clinical problem, and for a detailed description of these
aspects, and of operative technique, the reader is referred to other volumes of this
series. Emphasis is laid upon the disorders peculiar to infants and children, so
that diseases such as tuberculosis, the manifestations of which in the child differ
little from those in the adult, receive less attention. Childhood is deemed to
cease with the completion of puberty, though illustrations have sometimes been
taken from adolescent cases.

The personal views expressed in this work are based upon experience at The
Hospital for Sick Children, Great Ormond Street, at St. Peter’s and St. Paul’s
Hospitals, and at the Institute of Urology, University of London. I am deeply
indebted to all my colleagues and assistants at these institutions for their help
and co-operation both in the treatment of cases and in the preparation of this
volume. I would particularly wish to thank Mr. T. T. TwisTiN¢TON HiceINs
for introducing me to the urology of childhood, Drs. M. Bopian, R. C. B. Pucn
and L. L. R. WHITE for their assistance in matters of pathology, and for preparing
specimens for illustration, Dr. W. W. PAYNE for his advice on biochemistry, Dr.
I. A.B. CatHiE for notes on nuclear sexing, Dr. BERNARD SCHLESINGER and
Dr. P. R. Evans for correcting the chapters concerned with renal disease, and
Dr. Sxarra for guidance in endocrinology. I must further acknowledge the
indispensable assistance which I have received from the Departments of Medical
Illustration at The Hospital for Sick Children, and at The Institute of Urology
in the preparation of illustrations. For permission to reproduce figures first
published in their journals, I am indebted to the Editors of The British Journal
of Urology (Figs. 28,133, 134), The British Medical Journal (Fig.59), The
British Journal of Radiology (Figs. 54, 55, 62) and to Butterworths Medical
Publications (Fig. 42).

London, 31st August, 1957 D. Innes Williams
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A. Introduction

I. The basic requirements for paediatric urology

The systematic study of the urological diseases of childhood, which is the theme
of this volume, is a comparatively recent development, for although many of the
pioneers of urology such as Marion and H. H. Youne made important contribut-
ions on particular disorders, it is only in the last quarter of a century that the
subject as a whole has received the attention which it deserves, and the disorders
have been seen in their proper context as problems in the management of infants
and children as well as variations on familiar problems in urology.

Recent advances in paediatric urology have come from two distinet groups; on
the one hand a number of leading urologists, amongst whom MEREDITH CAMPBELL
of New York must be accorded first place, have devoted increasing attention to
the special problems of childhood; they have adapted well established methods
and instruments to the particular circumstances and shown that the basic prin-
ciples that have served adult urology well have also an application to children. On
the other hand the newly emerged specialists, the paediatric surgeons, have
included urology within their scope and have demonstrated how successfully
surgical procedures can be undertaken in early infancy when the whole organisa-
tion of the unit is geared to the management of children. Both these groups have
an important contribution to make, and provided there is a free interchange of
ideas, paediatric urology will continue to thrive, not as an independent speciality
but as a special interest of a few surgeons whose other work keeps them fully
in touch with the broad advances of surgery.

The basic requirement of children’s urology therefore is not simply a small
cystoscope, it is the whole apparatus of a children’s surgical unit. It is true that
the special needs of the boy of 8 or 9 years are not numerous, but with the steady
advance of paediatrics disorders are increasingly recognised at an early stage,
and the most rewarding work is done on children in the first five years of
life, when both the physical and psychological needs are entirely different from
those of adult patients. Nurses and sisters with a training in children’s work are
of course indispensable, the resident medical personnel must be accustomed to
the postoperative care of infants, and able to perform such special procedures as
intravenous infusions into the scalp veing, and it is desirable that all ancilliary
workers should have some experience of handling children ; the radiographers must
be prepared for the child’s reluctance to keep still, the laboratory staff must be
able to perform chemical estimations on blood obtained by finger or heel prick
so that numerous venepunctures can be avoided. In this imperfect world it is
unlikely that any surgeon will obtain for his patients all the facilities he
desires, and children’s urology like any other surgical activity must usually be
carried out under conditions which fall a long way short of the ideal, but there
can be no doubt that it will yield better results when it is undertaken in a
children’s unit rather than in a side ward of a urological unit.

The co-operation of the paediatrician is a sine qua non, and many of the cases
will only be discovered after investigation in the medical ward, but the surgeon
himself must understand sufficient of the management of children to retain full
control of the pre- and post-operative care.

Handbuch der Urologie, Bd. XV 1
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II. The nature of genito-urinary disease in children

With the general advance of paediatrics and preventive medicine, acquired
disease is becoming less frequent and less severe, and as a consequence the con-
genital abnormalities provide a steadily increasing proportion of the cases requiring
treatment. This general observation is well exemplified in the urological field:
whereas in many countries of the Near and Far East where dietary deficiencies
are common, vesical calculus is the most important surgical disorder, in Western
Europe and America it is now rare. Similarly renal tuberculosis seldom affects
young children in England, although it is still reported to be common in parts
of Eastern Europe where nutritional and hygienic standards are low.

The external congenital deformities of the genitalia and lower urinary tract
constitute a large group of genito-urinary disorders: they range from gross and
invariably fatal malformations such as ectopia cloacae to the most minor degrees
of hypospadias. Amongst primitive peoples these cases are seldom brought for
treatment, perhaps the afflicted children fail to survive, but in countries with
a high standard of medical care they pose some of the most perplexing problems,
and while a satisfactory solution is often possible, at times the surgeon is pressed
to operate upon the hopeless cases with multiple abnormalities, or at the other
extreme upon minor and insignificant deformities which involve no handicap if
left untreated. The diagnosis is made by simple inspection, and cases therefore
reach the surgeon direct from the general practitioner or obstetrician.

By contrast, the “internal” deformities are not immediately apparent: they
cause obstruction or predispose to infection or stone formation and produce
symptoms simulating acquired disease, yet in childhood a basis in a malformation
should always be sought as an explanation. Even the neoplasms of childhood are
commonly embryonic tumours, and there is a very real sense in which these too
may be considered to be congenital abnormalities. Occasionally a hereditary
defect is known and the risks of malformation can be calculated, as in polycystic
disease and some forms of intersex; at other times there is a familial tendency but
some other factor is required to bring out the malformation, as in hypospadias.
Rarely the deviation from normal development can be traced to a definite event
during pregnancy, a virus infection, for instance, or exposure to irradiation.

The symptoms of many forms of urinary tract disease are such that their
origin is not immediately recognized, and for this reason cases are first seen by the
paediatrician rather than the surgeon. Many infants suffering from chronic
urinary infection or obstruction are brought up with such complaints as vomiting,
loss of weight, or a vague failure to thrive. The causes of such complaints are
manifold and involve many systems of the body: it is only by careful abdominal
palpation and routine urine tests that the urological cases will be sorted out, and
only by further special investigations that an exact diagnosis will be reached. The
early diagnosis of urological disease is therefore dependent upon the vigilance
of the paediatrician, with whom the surgeon must maintain a close liaison.

The disorders of micturition which are the common symptoms of urinary
tract disorders in childhood are discussed later in this volume: retention in
Section E; incontinence in Section F'; anuria, polyuria and haematuria in Section
M. Renal swellings are discussed under the differential diagnosis of nephro-
blastoma. Frequency has much the same significance as incontinence, for any
disorder causing frequency is likely also to cause bed-wetting. A purely diurnal
frequency of late onset is sometimes seen in girls with sterile urine and normal
bladders: it is likely to have a purely emotional basis and should be treated upon
the same lines as diurnal enuresis.
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Pain is sometimes a presenting symptom : the hydronephrosis due to congenital
pelvi-ureteric obstruction characteristically gives rise to severe attacks of loin
pain, while the simple mega-ureters cause a much less acute pain in the abdomen.
True ureteric colic due to small calculi is comparatively uncommon, though in
older children it does not differ from that seen in adults. Pain accompanies
pyelonephritis in older children, but does not appear to be serious in infancy: it
may be felt in the loin but is often poorly localized, and may be confused with
pain of intestinal origin. The dysplastic kidney is frequently a source of dis-
comfort, but other congenital abnormalities such as horse-shoe kidney or ureteric
duplication are unlikely to cause pain unless infected or obstructed. Vague
abdominal pains for which no cause can be found are a common complaint in
childhood, and if exhaustive investigations are undertaken in all such cases, a
few examples of renal anomalies will undoubtedly be discovered, though a rela-
tionship between the symptoms and the finding is hard to establish.

ITI. Urological investigations

1. Collection of urine specimens

A mid-stream specimen of urine taken after retraction of the prepuce should
be used in the male child; in the male infant the penis must be carefully cleansed
and placed in a test-tube which is strapped in position until the specimen appears.
Twenty-four hour samples of urine, usually required for chemical estimations,
should be collected from a length of Paul’s tubing fixed over the penis.

In the female, only a catheter specimen should be sent for bacteriological
investigation, though for routine testing it is reasonable first to examine an ordinary
specimen for pus cells. Catheterization is often terrifying to the child and is better
performed by a familiar nurse than a strange doctor. Sterility is best maintained
by the use of a metal or glass catheter. In infancy, twenty-four hour samplesmay be
collected by sitting the child on a moulded plastic cup which is strapped in position,
but this is often less satisfactory and more traumatic than an indwelling catheter.

2. Radiological investigations

As in adult urology, the intravenous pyelogram is the key investigation in
most disorders of the upper urinary tract and is the basis upon which suspected
urological cases are first sorted out into diagnostic categories.

The normal pyelogram in the infant presents certain minor variations on the
adult pattern. The kidney is more ‘“‘rolled-up” so that the two poles approach
one another on the medial aspect; the renal pelvis is therefore relatively small and
the first part of the ureter runs directly medially before turning downwards
(Fig. 1). During the first months of life the kidney is lobulated and the consequent
irregularity of the renal outline at this stage does not indicate scarring. The lumbar
ureter is relatively wide in the neonate as in the foetus, and a few small kinks
which involve the mucosa and muscularis but not the adventitia, causing trans-
verse linear filling defects, are seen immediately below the pelvis (c.f. Fig. 24).

Time and care spent on obtaining good intravenous pyelograms is well repaid
in the avoidance of other investigations, and certain special points applicable to
children may be noted here. The investigation carries some risk in uraemia and
should not be undertaken with a blood urea exceeding 100 mgm/100 ml: it is in
any case unlikely that in these circumstances there will be sufficient concentration
of contrast medium to give useful films. The same drugs are used as in adults

1*
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(e.g. Hypaque, Bayer) and the dosage may be calculated on the basis of 10 ml
plus 1 ml for every year of age, so that a child of ten years receives the full adult
dosage of 20 ml. Intravenous administration gives the most satisfactory results
and with a skilled operator should be possible in the great majority of children.
The opaque medium may be given intramuscularly or subcutaneously together with
hyalase (a half dose together with 3 mgm hyalase-in 1 ml of water into each
buttock) where suitable veins cannot be
found and though good pictures may be
obtained, the intravenous method is more
reliable.

In children a twelve hour period of
dehydration may be possible but it is not
practicable in infants and films should
be taken 4—5 hours after the last feed.
Bowel preparation is only required when
there is definite constipation, and then
a mild aperient only should be used. In
the infant gas shadows in the abdomen
are often troublesome, but the renal areas
can be cleared by the administration of a
fizzy drink which distends the stomach
with gas (Fig. 2). Alternatively, tomo-
grams may be used to isolate the pyelo-
graphic shadow (BROCKHAUS, FAINSINGER).
Compression may be employed in older
children, but it is too frightening to the
very young. The need for these ma-
noeuvres, and for other modifications of
technique such as later films in cases of
hydronephrosis or mega-ureter demands
the close supervision of the radiologist,
and intravenous pyelography should not
be regarded as a simple routine procedure.
Fig. L. Normal retrograde pyelogram in a young  In the male the genital area should be
renal peivis the “solted ut;l;’? fgglrrllzg?ttaheyk?dney, shielded in the films showing the upper

the small kinks at the pelvi-ureteric junction and : . - g
the relative widening of the lumbar spindle tract in OI‘.deI' to minimize thQ irradiation
of the testicles.

Retrograde pyelograms present no special difficulties provided the urethra
is large enough to admit a cystoscope. Since in infants a single catheterizing
instrument must normally be employed, it is preferable that the films should be
taken on the cystoscopic table, while the cystoscope is still in situ, and one ureter
catheterized after the other. Small ureteric catheters (4 F) are essential and must
be introduced with the utmost gentleness since it is easy to perforate the renal
parenchyma with the tip; this is not usually harmful but the injection of the dye
under the capsule produces a confusing picture. Only 2—3 ml of fluid should be
injected into the normal renal pelvis of the infant for larger quantities often cause
pyelovenous backflow. It is always wise to use an organic compound such as
diodone or iodoxyl rather than sodium iodide. Retrograde pyelograms carry a
definite risk in cases of hydronephrosis due to pelvi-ureteric obstruction and it
is preferable to proceed at once to operation if this condition is present (p. 30).

Simple cystograms may be useful in the diagnosis of vesical diverticula and
in doubtful cases the pelvimetry view is valuable in showing small sacs arising
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immediately behind the ureteric orifices. Usually, however, micturating cysto-
grams are employed (see BRoDNY and RoBiNs, HackworTH, STEPHENS) both for
the purpose of outlining the urethra (Figs. 3 and 4) and for detecting the presence
of vesico-ureteric reflux. Films exposed 2 hours after cystography not infre-

Fig. 2. Renal calculi in a girl aged 1 year: films demonstrating the value of distending the stomach to obtain
better definition of the renal area. 4 before; B after administration of fizzy lemonade

quently outline by reflux dilated ureters which are not shown on intravenous
pyelography (Fig. 132). When no serious obstruction is suspected a fine suspension
of barium sulphate (25%) is the best contrast medium but is apt to give trouble
if there is considerable residual urine. Sodium iodide can cause serious reaction
when there is free reflux and it is safer to employ one of the organic iodides (e.g.
diodone, at about 15%). The bladder is filled by catheter until it is tense and
there is a definite desire to micturate: the catheter is then withdrawn and oblique
or AP films are exposed during micturition. It is important that the stream should
be flowing freely at the time of the exposure, for half filling or temporary con-
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traction of the external sphincter can give very confusing pictures. Cine radiology
with the image intensifier eliminates these difficulties if it is available.
In chronic retention, and
T : " in young infants when active
3 o micturition cannot be ob-
tained, an expression cysto-
urethrogram may be sub-
stituted. Under full anaes-
thesia the bladder is filled
with contrast medium and
then expressed manually: a
narrow cone centred on the
urethra should be used to
avoid irradiation of the ex-
pressing hand. Once again
the films are only capable
of interpretation when the
stream is good, and this is
seldom possible to obtain in
the older male child.

Injection wurethrograms,
even with viscous media, are
not often needed except to
Fig. 3. Normal micturating cysto-urethrogram in the male. A boy gshow the distal limits of a

aged 11 years . .
stricture, for even anterior
urethral diverticula show
better on the micturating
films.

Aortography may be per-
formed by the lumbar or
femoral route, but it is sel-
dom required for renal con-
ditions in childhood. Ade-
quate information can almost
always be obtained by pyelo-
graphy and aortography is
by no mean without its
dangers (LANDELIUS). Its
most valuable place is in the
investigation of hyperten-
sion, when anomalies of the
renal arteries may be found
or pheochromocytomata may
be localized.

Retroperitoneal air insuf-
flation is helpful in some
cases of adrenal tumour.
It is conveniently performed by the presacral route, 300—500 ml of air being
injected on either side, but anaesthesia is essential for young children and may
need to be prolonged as it often takes 1 or 2 hours for the air to reach the
right level.

Fig. 4. Normal micturating cysto-urethrogram in a girl aged 7 years
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3. Endoscopy

A considerable variety of endoscopic instruments of a size suitable for children
is now available (see Volume VI); two models in current use at The Hospital for
Sick Children are shown in Fig. 5. Metal bougies and catheters with a suitable
curve for children are also essential (McCREA, CAMPBELL).

The female urethra even at birth will normally take an instrument of 11—12F
and cystoscopy with ureteric catheterization should always be possible. The male
urethra is of extraordinarily variable calibre, and attempts to lay down standards
for the various ages are entirely misleading. In many cases the 11F cystoscope

Fig. 5. Endoscopic instruments for children, manufactured by the Genito-Urinary Mfg. Co. Ltd,, London.

A Urethroscope (MORISON-NASH), made with two sheaths, 11 ¥ and 14 F. Telescope gives an almost direct view,

and the bulb is fitted to a separate light carrier. B Cysto-Urethroscope (WILLIAMS), approximately 12 F. The
sheath is slightly beaked, and the light carried on the convex side. Forsoblique telescope

can be introduced from the age of 1 month onwards, but the urethra in other
apparently normal children of a year or eighteen months will not admit the same
instrument. The narrowest points are at the external meatus and in the anterior
urethra at about the level of the penoscrotal junction: the former may be over-
come by meatotomy, but the latter can only be dilated by bougies to a limited
extent, and may need to be by-passed by the use of a perineal urethrostomy.
This manouevre will enable all males to be cystoscoped, and gives little post-
operative trouble provided drainage is ensured for a day or two after operation.
General anaesthesia should be employed as a routine in all children.

Many child’s cystoscopes have a fixed telescope and no irrigation, so that the
bladder must first be washed out and filled with a catheter. Simple inspection
of the bladder is not often sufficient, however, and the information usually required
concerns the ureters, for which a catheterizing instrument is necessary, or the
urethra which demands an irrigating device and a foroblique lens. The cysto-
urethroscope illustrated in Fig. 5 attempts to meet both these needs, although
in difficult cases the urethroscope with the direct view is preferable.

The normal child’s bladder requires no special comment, but the importance
of urethroscopy may be emphasized here: no endoscopy is complete unless the
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whole length of the urethra has been inspected, for important anomalies occur
in both anterior and posterior portions.

Resectoscopes suitable for children are also available: my own preference is
for the diathermy loop type rather than the cold punch, but the choice must
depend largely upon the previous experience of the operator. All such instruments
must be used with great caution as there is a danger of producing incontinence in
boys and vesicovaginal fistula in girls.

4. Cystometry

This investigation has been employed in a number of diseases, particularly
in enuresis and in the neurogenic bladder. While a useful research tool, the method
has not been of great practical assistance in either of these conditions, but has
a place in the differential diagnosis of the mega-ureters (p. 59). It is seldom
possible to obtain a satisfactory record from a child under three years of age,
and co-operation is not always easy to obtain later on. Continuous records on a
rotating drum are preferable to intermittent observations, and the filling should
proceed slowly, at not more than 150—200 drops a minute. The maximum
volume is perhaps the most useful figure, but the terminal pressure before active
evacuation and the frequency of contractions should also be noted.

IV. Management of surgical cases

The pre-operative treatment of urological cases is discussed under the various
diagnostic headings throughout this volume. In general terms the most likely
requirements are the sterilization of the urine, and correction of dehydration or
electrolyte imbalance. When there is an acute urinary obstruction it may be
difficult to accomplish either of these desiderata until drainage is established, but
in chronic obstruction it is usually possible and is always helpful. Chemotherapy
is discussed on p. 142 and fluid balance on p. 10. .

The skin of the genitalia and lower abdomen not infrequently requires treatment
in babies and in incontinent children, because of ammonia dermatitis. In hospital,
exposure to warm air is the most reliable method of securing an improvement;
boracic powder and barrier creams may also be employed (p. 244).

In many chronic urological disorders, there is an accompanying constipation,
and some pre-operative bowel preparation is essential: the current medical
distaste for the use of aperients is doubtless of value for the healthy child and in
many surgical disorders, but it must be impressed on the nursing staff that a
mass of faeces in the rectum pre-operatively makes cystoscopy difficult and
impedes many operations on the urinary tract, while post-operatively severe
constipation interferes with the resumption of normal micturition. In mild cases
aperients such as paraffin emulsion are useful, but more severe cases will certainly
require a pre-operative enema.

Pre-operative blood transfusion is sometimes necessary when the haemoglobin
is low: it will be recalled that if 13 gm/100 ml is taken as 100%, the normal
haemoglobin of a new born infant is about 140% ; this drops sharply to 75% at
the age of 3 months and then rises gradually to 80—90% at six months, where
it remains for the rest of the first year. Haemoglobin levels will also vary con-
siderably with the state of hydration, and an accurate calculation of the needs
of an infant is therefore difficult. Blood transfusions should always be small,
particularly where the blood urea is raised, but may be repeated. In any major
operation on an infant, the blood loss should be measured accurately by weighing
the swabs and completely replaced by transfusion.
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Anaesthetics and pre-operative sedation are now very much in the hands of
the specialist anaesthetists, and a full discussion would be out of place here.
Infants and very young children normally do best on a barbiturate premedication,
nembutal or seconal ; older children on omnopon or on a pethidine-largactil mixture.
Rectal pentothal is an excellent premedication for operation, but should be
avoided before cystoscopy as the fluid is apt to be returned during the procedure.

Open ethyl chloride and ether is undoubtedly the safest anaesthetic for general
use, but if an anaesthetist accustomed to children’s work is available, a pentothal
induction, followed by gas and oxygen, a relaxant and pethidine, provides better
conditions for the surgeon, and enables him to make use of the diathermy. In
some operations, such as reconstruction of the ectopic bladder where bleeding
is profuse, hypotension is valuable: arfonad has been used with success (ANDER-
SON) in my cases.

A bulky dressing is seldom necessary or desirable, wetting and soiling occur
easily, and the exposed wound is always easier to keep clean. Where no drainage
is required the wound may be sealed with ‘“Nobecutane’ or covered with a single
strip of transparent nylon which is stuck to the skin with adhesive. A cradle is
necessary to prevent contact with the bedclothes after operations on the external
genitalia, and in the very young it may be necessary to restrain the hands. Post-
operative vomiting is occasionally troublesome, and in the early stages only small
drinks of sweetened water should be given. Ileus and acute dilatation of the
stomach are rare complications of urological procedures which require gastric
suction.

Neonates, particularly when premature, require special measures which are
fully discussed by Gross and by RickaaM. They are best nursed in an incubator
where a constant temperature can be maintained (85° F for the full term, 90—95°F
for the premature baby) with an atmosphere of 50% oxygen, and a relative
humidity of 100%. Heat loss is rapid unless these precautions are taken and
premature infants are liable to a peculiar hardening of the subcutaneous tissues,
sclerema, which is almost always fatal. Massive collapse of the lungs and broncho-
pneumonia are also serious hazards: the throat must be kept free from mucus,
and the infant’s position must be changed frequently. Broad spectrum anti-
biotics must be avoided if possible, because of the danger of monilia infection.
Where operation is required for breast fed infants, the mother should be admitted
to hospital as well, so that feeding can be continued without interruption: she
may also undertake part of the nursing care and so minimise the risk of cross-
infection.

The psychological effects of hospitalization and of operation have been largely
disregarded by surgeons in the past, and are not readily appreciated at the
ordinary follow-up examination when the chief concern is the healing of the
wound or the control of micturition. Yet there is no doubt that the experience
of hospitalization is terrifying to the child, and is not infrequently the starting
point of serious emotional disorder. The risk is greatest between the ages of
6 months and five years, unfortunately the period at which the most useful urological
surgery is undertaken. It is at this stage that the child is most dependent upon
his mother, and admission to hospital should be confined to cases in which it is
strictly necessary; many procedures such as cystoscopy under anaesthesia, or
minor operations such as ligation of a hydrocele sac, can be safely undertaken in
out-patients provided facilities for the immediate pre- and post-operative care
are available. When admission is essential, the mother should bring the child
to the ward, and leave him only when he is comfortably settled in: thereafter
daily visiting is important even though it means a minor disturbance at the end
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of each visit. Some sort of explanation of hospital routine should be given to
the child before he comes in, and emphasis should be placed upon the need to
‘““put things right”, rather than on the actual operation.

V. Fluid and electrolyte balance in infants

A careful control of fluid and electrolyte balances is of vital importance in
all forms of infant surgery, and although urological cases seldom present such
difficult problems as the intestinal obstructions, yet renal failure brings with
it special hazards.

Renal secretion of urine starts early in foetal life, certainly by 3!/, months
(CameroN and CHAMBERS). The foetal urine is extremely dilute and contains
little urea but much sodium chloride (McCance and WippowsoN), for probably
the kidney is not under hormonal control at this period. The formation of urine
contributes to the amniotic fluid, but is in no way essential to the normal develop-
ment of the foetus; if however there is an obstruction to the urine flow the urinary
tract will show all the changes commonly associated with obstruction in post-
natal life. The urine changes its composition rapidly after birth, and perhaps
even before if there is a failure of the maternal kidneys, but the output of urine
during the first two or three days of life is very small, being no more than 30 ml
per day. The kidney does not reach full maturity during the first weeks of life
and it is often believed to be a relatively inefficient organ at this stage; there is
no doubt that if clearance values are related to body surface area as has been
customary in the past the kidney of the neonate compares very poorly indeed
with the mature organ. McCaxcE and WIDDOWSON point out, however, that if
these values are correlated with the volume of body water, the factor with which
the kidney is directly concerned, then the differences between infant and adults
are not nearly so great. The infant cannot produce a very concentrated urine,
and though the maximum dilution is as great as in adults, yet simple over-
hydration due to a large increase in the water intake cannot be corrected so
rapidly. The glomerular filtration rate is a little below normal by any standard,
a fact probably correlated with the cap of high columnar cells which is seen on
the tips of the glomerular tufts during the first weeks of life (GruENWALD and
PorpreR). Tubular reabsorptive functions are fully developed at birth. Urea
clearance is relatively poor, and the maintenance of a normal blood urea in an
infant depends upon active anabolism, most of the protein ingested being built
up into body tissue, and if this process is reversed following trauma or infection
the blood urea will rise rapidly despite normal renal function.

Serum phosphate levels are higher in infants than in adults (5.0—8.0 mgm/
100 ml) as opposed to 2.5—4.5; bicarbonate levels are lower, 20 m Eq/L instead
of 27 m Eq/L, and infants are very easily pushed into acidosis.

In the infant as in the adult, 70% of the body weight is water but the extra-
cellular compartment is very much larger in the infant, representing 50% of the
body weight as opposed to 20%. Moreover, the daily exchange of fluid in the
infants represents about half the volume of the extracellular fluid, as against one
seventh of that volume in adults (BrLanp). It is evident therefore that serious
imbalance can occur much more rapidly in infancy, particularly in cases of
renal failure where the normal homeostatic function of the kidney is deficient.

The ordinary fluid requirements of a healthy infant may be calculated on
the basis of 150 ml/kilo/day (2!/, oz. per lb) but very much less is needed in the
neonatal period and in post-operative management if a drip is being employed
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there is a danger of overhydration, so that Gross calculates the fluid needs at
approximately half the normal scale suggested above. The urological disorders
which are most often complicated by serious water and electrolyte imbalance are
acute infections with septicemia, renal failure, and adrenal deficiency in congenital
adrenocortical hyperplasia. Dehydration is a feature of all these states and there
is almost always a concomitant loss of electrolytes with a metabolic acidosis.
If regular weight charts have been kept, the acute loss of weight accompanying
dehydration gives a measure of the amount of water lost (1 pint of water weighs
1Y/, 1bs) but in most cases of dehydration must be recognized and estimated
clinically from the irritability, thirst, fever, loss of elasticity in the skin and
tension in the fontanelles. Haematocrit values in infancy are always high and
give little assistance. The serum electrolyte levels should be estimated before
starting treatment so that correct repair solutions may be chosen.

Fluids should always be administered by mouth if possible, even though
this demands frequent small feeds which may be partially returned as vomit.
In these circumstances, it is impossible to estimate with accuracy the fluid intake,
and the difficulties of urine collection likewise complicate the measurement of
output: the standard fluid requirements give only a general guide therefore and
the precise volume of the feeds must be judged from the infant’s progress by the
ward sister or resident who is seeing the case several times a day. The administra-
tion of fluid or feed through a small polyvinyl tube passed through the nose
down into the stomach (gavage) is sometimes of value but normal feeding keeps
the mouth and throat in a much healthier condition, and is less likely to allow the
accumulation of mucus in the pharynx. Parenteral fluid may be given slowly
by subcutaneous drip, but absorption is variable, and hyalase has not really
proved helpful. Intravenous infusion is the most certain method, though it must
always be used with caution because of the dangers of overhydration. In infants
the scalp veins are usually employed, but if a drip is required to continue for
some time, a vein in the arm or leg should be cut down upon, and a short length
of polyethylene tubing inserted.

For the infant who is dehydrated, or in the immediate post-operative periods,
a 1/, normal saline solution containing 5% of dextrose may be used, or if the
chlorides are raised a simple dextrose solution. When acidosis is present, Hart-
mann’s solution should be given (Sodium lactate 2.26 gms., Sodium chloride
6.0 gms., Potassium chloride 0.4 gms., Calcium chloride 0.2 gms. in water 1000 ml).
In acute dehydration fluid may be given at the rate of 6—8 ml/hour/lb body
weight; this rate should be halved as the condition improves and later fluid
intake should be based on the normal fluid requirements noted above. Milk
feeds, diluted at first, should be gradually introduced. Hartmann’s solution does
not contain sufficient potassium for maintenance if no other feed is taken and
lgm of potassium chloride should be added to each litre of fluid if parenteral
therapy is continued for some days. Plasma infusions are of value when the
infant is starving and the plasma proteins are low, it may be given at the rate
of 20 ml/kilo/day.

Rickuam has made a careful study of the metabolic response to surgery in
infants, and finds that during the first three weeks of life there are some important
differences in post-operative reactions. Neonates exhibit a remarkable resistance
to trauma and probably withstand major surgical procedures better than infants
of 4 or 5 weeks, but for proper management certain facts must be recognised.
The body temperature is rarely raised even with severe infections, it is more
likely to be subnormal. Weight loss of 5—10% occurs in most new born children,
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and those subjected to operation lose little more. The normal urine output during
the first two days is not much more than 30 ml/day and post-operative water
retention is not easy to estimate, but fluid requirements at this stage are minimal.
An increase of nitrogen excretion occurs but is no greater than that found in
starvation and as already noted the blood urea may rise considerably because
of endogenous protein breakdown. Post-operative retention of sodium and
chloride is common but none of the neonates investigated by Rickaam showed
the potassium loss characteristic of the adult post-operative response: this
feature only appeared after three weeks of age.

B. Congenital abnormalities of the upper urinary tract

1. Renal agenesis

Unilateral renal agenesis is not a very uncommon condition, though its exact
frequency is hard to determine. CamPBELL found 88 cases in a series of post-
mortems on 47,409 children (1 in 528) but since it is apt to accompany other fatal
malformations this is probably too high an incidence for the general population.
In clinical studies it is very difficult to distinguish from extreme degrees of
hypoplasia. The ureter is absent in agenesis of the kidney and commonly the
trigone of the bladder has an asymmetrical appearance, undeveloped on the
side of the abnormality. Associated malformations of the genital tract, particu-
larly double uterus, are common in the female, and occasionally in the male only
a portion of the vas deferens is present. The adrenal of the affected side may
be absent, but when present assumes a disc shape because of the absence of local
pressure from the kidney.

From the clinical viewpoint, however, interest clearly centres on the solitary
kidney and as has been emphasized by many authors (e.g. GUTIERREZ) it is very
liable to pathological complications. Such a kidney is naturally hypertrophied
and is therefore often easily palpable; in some cases it is also excessively mobile
and has given rise to the suspicion of a tumour. Other malformations are not
uncommon, the solitary pelvic kidney being a characteristic form. Even with
the normally placed organ there may be complications, and the present author
has encountered gross mega-ureter in the solitary kidney on 4 occasions in child-
hood. The exact diagnosis in clinical cases is often difficult although the absence
of a functioning kidney will be appreciated from the pyelograms. The asymmetry
of the trigone and the absence of the ureteric orifice will lead to the suspicion
of renal agenesis, but these features may also be observed in cases of renal
“aplasia’’, and in ectopic ureter.

Bilateral renal agenesis is naturally incompatible with survival, but affected
infants not infrequently live some hours or even days after birth. PorTER has
drawn attention to this group, having found no less than 20 cases in the course
of 5000 autopsies performed in cases of pre-natal or early post-natal death. All
cases had hypoplastic lungs and a characteristic facies. There was observed to
be an increased width between the eyes, and an unusually prominent fold arising
from the inner canthus which swept downwards and outwards to form a wide
semi-circle under the orbital space. Flattening and broadening of the nose and
large low set ears were characteristic. A somewhat similar but not identical
appearance is to be found in cases of extreme hypoplasia and polycystic disease.
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II. Renal hypoplasia

Renal hypoplasia, a failure of full development in the kidney is a common
accompaniment of other malformations of the urinary tract: when it occurs alone,
it may be difficult or impossible to distinguish from atrophic pyelonephritis.
The frequency of the true congenital abnormality is therefore hard to assess, there
are no reliable estimates of the incidence, and the fact that almost all authors
report that girls are much more often affected than boys probably simply reflects
the greater liability of the female to acquired infection.

The interest of the hypoplastic kidney lies not simply
in its failure to achieve normal size, but in the presence f" i -,
of abnormal tissues within the renal substance. BAGEN- % .
stoss has, in fact, proposed the use of the term dys- { L '& %
plasia as a substitute for hypoplasia in order to indicate 4 I _
the inclusion of primitive renal elements and of tissues ) g
normally foreign to the kidney such as cartilage and 1 f
striated muscle. A kidney which contains ‘“‘dysplastic” LR
elements may be of any size, from a minute nodule of
fibrous tissue to almost normal dimensions, and from
the pathologists standpoint, a continuous series can be
traced from one extreme to the other. The following
classification attempts to reconcile the needs of the
clinician with those of the pathologist.

1. Dysplastie kidney with obliterated ureter

kidney, although in structure it differs only in degree

from less severe forms of dysplasia. The kidney is re-
presented by a small fibrous body in which no true ne- eI

phrons can be found, though some straight and primitive

renal tubules may be seen. The ureter is usually
atrophic and narrows down at some point to a slender  Fig. 6. Dysplastic kidney with
. obliterated ureter. Nephrec-
and 1mpermeable thread. tomy specimen from a girl aged
In unilateral cases, symptoms are seldom attri- rlegn%’i?rrisn:}‘;feiﬁfnegcmf(r,gn;nrde c;‘:;:
butable to the dysplastic kidney, which is functionless Pertension. Contralateralkidney
N N showed pyelonephritic changes

and excluded from the urinary tract. As in renal

agenesis, however, the contralateral kidney is not only hypertrophied, but is
unusually liable to pathological complications. Fig. 6 illustrates a case of a girl
with hypertension, an extremely hypoplastic kidney on the left side, and a chronic
pyelonephritis in the contralateral organ. The diagnosis is reached by exploration
of the loin, though the absence of renal function and the obliteration of the
ureter may give a clue. Although the minute kidney is often removed the treat-
ment must naturally be directed chiefly towards the contralateral organ. In

bilateral cases, the infant is born dead or dies within a few days of birth.

This type is often referred to as “aplasia” of the %

2. Dysplastic kidney with patent ureter

This type is commoner than the previously described, and includes the majority
of so-called hypoplastic kidneys. The size is extremely variable, but the paren-
chyma is usually distorted by masses of fibrous tissue and cysts, and complicating
pyelonephritis is almost always present (Fig. 7). The dysplastic elements may
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be recognized microscopically: straight radiating tubules reaching the surface
of the kidney, proglomeruli without separation of tuft from capsule, masses of
cartilage and angiomatous areas (Fig. 8). Other abnormalities of the urinary
tract are frequently present, particularly double or ectopic ureters, and only one
half of a double kidney may be affected by dysplasia. Sometimes it appears
that other malformations are the cause of hypoplasia, and not simply an accompani-
ment; in lower urinary obstructions which have been present from early foetal
life, there is apparently an inter-
ference with the maturation of
the nephrons, and the kidneys
are often hypoplastic rather than
hydronephrotic.

The symptoms may be those
of the ureteric abnormality as in
the case of the ectopic ureter
(Fig. 7), in other instances it is
the complicating infection which
brings the child to hospital. Re-
current pyuria with pain in the
loin on the affected side is the
characteristic story. Hyperten-
sion is a well recognized compli-

¥ cation; it is discussed on p. 211.
Ll Bilateral cases (Fig. 9) inevitably
L progress to a state of chronic

| . - | renal failure, and many of the
3 * cases of renal osteodystrophy
(p. 224) are the result of this

Fig. 7. Dysplastic kidney with patent ureter. Nephrectomy  type of hypoplasia. The course
specimen from a girl aged 4 years suffering from dribbling . d d d h
urinary incontinence. The single ureter draining this kidney 15 Very prolonged and deat may

e in the vacina, The renal polie s hydronenbnotie snd  be posiponed _until adolescence

cartilage or early adult life, but the down-

ward trend cannot be deflected.

Pyelographically these dysplastic kidneys are indistinguishable from the

contracted kidneys of chronic pyleonephritis, and the radiological appearances

are discussed under that heading. In many unilateral examples there is sufficient

function to give an adequate shadow on intravenous pyelography, but in bilateral

cases retrograde filling is almost always required for diagnosis. Strictly unilateral

cases may be treated by nephrectomy for the control of recurrent infection or
hypertension: in bilateral disease, all functioning tissue must be preserved.

3. The miniature kidney

This term conveniently describes the small kidney which is normal in function
and architecture; it is unlikely to be the cause of symptoms, provided the
abnormality is unilateral. The diagnosis is usually clear from the pyelogram, as
in the case illustrated in Fig. 10, the calyces being perfectly formed although
perhaps fewer in number than in the normal kidney. It is important to realize
that despite the apparently good function, such an organ would be incapable of
maintaining life unaided by its fellow and if the disorder is bilateral signs of renal
failure will appear some time during childhood or adolescence. Even if the two
kidneys, though small, are structurally normal at birth it is inevitable that the
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renal insufficiency will lead to gross tubular dilatation and hypertrophy; compli-
cating pyelonephritis practically always occurs with scarring and distortion of
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Fig. 8 A and B. Histology of the dysplastic kidney. A primitive renal tubules with concentric arrangement of fibrous tissue.

the parenchyma. There is often hypertension causing vascular changes, and at
autopsy therefore bilateral hypoplastic kidneys always present a complex appear-
ance which may be avoided in the unilateral.

angiomatous area
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Fig. 9. Bilateral repal hypoplasia. Retrograde pyelogram in a boy aged 3 years with renal osteodystrophy and
hypertension. Blood urea 178 mgm/100 ml. Sterile urine and no history of infection

Fig. 10. “Miniature’’ kidney. Intravenous pyelogram in a boy aged 2 years complaining of painful micturition.
Urine sterile. The left kidney is small, but the calyces are regular and show the normal cupping
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It is uncertain whether the miniature kidney can be responsible for hyper-
tension; a case reported by Hurcaison and MONCRIEFF suggests that it can be,
but as mentioned on p. 212 it is only during recent years that the importance of
minor anomalies of the renal arteries has been recognized, and such lesions may
well have been overlooked.

Surgery is scarcely ever required for the miniature kidney, but its presence
may contra-indicate surgery for the opposite organ.

IIL. Cystic disease of the kidneys

Cystic disease of the kidney, although by no means a common affliction,
presents in children the most bewildering variety of forms. Unfortunately the
term infantile polycystic disease has been used to include a great many of these
forms, and the statistics which are usually given relate to the whole group
although it is a heterogenous one. Some idea of the relative frequency of cystic
disease in children and adults may be gained from the figures of Raryr, and OpgLL
who found only six children under the age of ten years in the series of 207 clinical
cases, but nine examples, all in infancy, in a post-mortem series of 44 cases.
CampserL found 70 cases among a post-mortem series of 15,919 children and
states that many of these showed other congenital abnormalities. BELL has
given a useful general survey of the problem and PorTEr has discussed the
neonatal pathology. In this chapter an attempt will be made to survey the
various clinico-pathological types.

1. Congenital polyeystie disease. Infantile form

The great majority of afflicted infants are stillborn or die within the first
few hours of birth: some survive a few months but die of renal failure before
their first birthday. Both kidneys are grossly enlarged, but their only divergence
from the normal shape is some foetal lobulation. The cut surface presents a
honeycomb appearance with thousands of minute oval or elongated cysts arranged
in a radial fashion throughout the parenchyma (Fig. 11). They commonly occupy
the entire substance of the kidney though in some examples the medullary region
and the immediate subcapsular zones are spared. Careful microscopic studies with
reconstruction have been carried out by several workers: Norris and HERMAN
found that the cystic spaces were irregularly dilated tubules lined with a single
layer of flattened or cubical epithelium; distended Bowman’s capsules were
sometimes found and the tubules often anastomosed. In the pyramids blind
ending collecting tubules were found. LAMBERT found some glomerular cysts and
other tubular cysts which were blind at both ends; he contrasted this state of
affairs with adult polycystic disease in which the cysts appear to be dilatations in
the course of functioning nephrons. Roos on the other hand, in a kidney which
conformed to the usual appearance of polycystic disease found only glomerular
cysts. POTTER reported 5 instances of the tubular form and one of the glomerular
pattern. It appears from these studies that a degenerative process must have
taken place after the formation of the nephrons which resulted in the isolation
of segments which later became dilated to form cysts. In this group other uro-
genital malformations are rare, but it is usual to find cystic changes in the liver
and occasionally also in the lungs, pancreas and ovaries.

Infantile polycystic disease occurs in sibs but not in different generations
within the family. It does not occur in families affected by adult forms of the
disease (FERGUssON). The renal swellings are considerable and easily palpable,

Handbuch der Urologie, Bd. XV 2
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on occasions they have caused dystocia (GONNET et al., BOoURLAND). In infants
who survive the first days of extra-uterine life the presenting signs are commonly
vomiting and failure to thrive; the blood urea is found to be raised, perhaps
60 or 80 mgm- %, and deterioration with other biochemical disturbances is to be
expected. Hypertension may occur (PARNELL and KESSEL, PARROT et al.) and
death may be due to cardiac rather than renal failure. Spontaneous peri-renal
haematoma with hyperthermia has been recorded (CapERrRAs and Bert). The

Fig. 11. Infantile polycystic kidneys. Post-mortem specimen from a child dying at 3 months of renal failure.
There were also cystic changes in the liver

diagnosis may usually be confirmed by retrograde pyelography, the pelvi-calycine
system being enlarged and stretched out in the “spider’ fashion seen in adult
cases; HINKEL and SANTINI point out however that the pyelograms may be
indistinguishable from normal. No treatment can usefully be given.

2. Congenital polyeystic disease. Adult form

This is a familial disorder passed from one generation to another which
usually causes no symptoms until middle life, but occassionally shows itself
during childhood. A detailed description would be out of place in this volume,
but briefly it may be stated that the kidney instead of having the uniform honey-
comb appearance of the infantile form is distorted by cysts of varying size which
are irregularly arranged throughout the parenchyma; in between the cysts there
are areas of normal renal tissue. There is some evidence that these cysts are
part of functioning nephrons; they gradually enlarge throughout the life span
of the individual so that pyelograms which may be virtually normal at first
become more and more distorted with the passage of years and the intervening
functional tissue is progressively destroyed by the pressure of the growing cysts.
It sometimes happens that the cysts in one kidney grow much more rapidly than
in the other, giving for a time the appearance of unilateral disease. It is wise,
however, to assume that all cases in this group are potentially bilateral so that
nephrectomy is only justifiable if there are severe unilateral complications.
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Presenting signs during childhood may be haematuria, palpable tumour, or chronic
renal failure with rachitic changes (KrETSCHMER). The diagnosis is usually
apparent from a consideration of the clinical findings and family history, and
it may be confirmed by pyelography, though it must be remembered that where
the cysts are small, the deformity will be slight (Fig. 12). Treatment is chiefly
concerned with the management of the failing kidney and surgery is seldom
required.

Certain reported cases of bilateral polycystic disease present variants on
one or other of the two forms described. Thus SmiTH and GraHAM describe a

Fig. 12. Polycystic kidneys. Retrograde pyelograms in a girl aged 11 years suffering from haematemesis with
portal obstruction. Blood urea 140. Exploration of the kidneys, and biopsy proved the presence of bilateral
polycystic disease

girl of 8 years with profound anaemia who died of renal failure and was found
to have the medullary region of both kidneys riddled with minute cysts while
the cortex was unaffected. LicaTwoop and Loors report a family of 3 children
suffering from cystic disease of the kidneys and liver but two of these children
continued to survive into later childhood with symptoms largely attributable
to their hepatic condition. The case illustrated in Fig. 12 was investigated on
account of the symptoms of portal obstruction.

3. Cystic changes in hypoplastic kidneys and accompanying lower
urinary obstruction

Congenital hypoplastic kidneys not infrequently contain cysts, particularly
those in which there are many dysplastic elements present in the parenchyma.
In bilateral hypoplasia functional deficiency may lead to such extreme

PAd
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tubular dilatation that the kidney has a cystic appearance (GREEN). Bilateral
cystic changes are quite commonly found in infants dying within the first few
days of life with bladder neck obstruction or urethral valves; some of these cysts
communicate with the renal pelvis but others do not, and it appears that the
presence of a lower urinary obstruction can interfere with the maturation of
the later generations of nephrons. An excellent illustration of this type is given
by VarL and StoNE, and
the results of micro-dis-
section have been descri-
bed by BiaresTOCK.

It is doubtless the in-
clusion of these two types
under the heading of bi-
lateral polycystic disease
that has led to the im-
pression that in infants
this disorder is likely to
be associated with other
congenital malformations
of the urinary tract.

4. Multieystic kidneys

This term is applied
to a well defined group of
unilateral cases in which
a loose conglomeration of
cysts resembling a bunch
of grapes replaces the
kidney (Fig. 13A). The
ureter is commonly atretic
at some point in its length,
it may be reduced to a

f minute thread or be al-
B 13 A et sho, sariows, e ottt Mdas, 4 The together absent. The renal
disease with hydronephrosis arteries are also pOOI‘ly
developed. The cysts are
composed of fibrous tissue which is occasionally calcified and are lined by a
single layer of flattened epithelium, but they are bound together by tissue
which may contain primitive renal elements. The atretic nature of the ureter
or renal pelvis and calyces seems to be the essential feature of this type of
disease, and in one of my cases a partial atresia of the opposite ureter had
caused severe hydronephrosis. Many excellent descriptions of these cases can
be found in the literature, particularly those of Scawarrz, RaviTrcE and
SANDFORD, and SPENCE. Clinically most cases have presented with a renal
swelling during infancy or have been discovered because of a disease in the
contralateral organ. The diagnosis is usually made at laparotomy for suspected
tumour, but the characteristic form of the swelling and the atresia of the ureter
(with at times absence of the ureteric orifice) may be an indication of the nature
of the disorder. Nephrectomy has been the treatment in all suitable cases and
since the opposite kidney is usually normal this treatment is successful, though
it is perhaps not always necessary.
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5. Simple serous eysts (solitary cysts)

This type, though very common in adults and often regarded as an acquired
disease, is rare in children. Cases have been presented by CHALKLEY and SuTToN
and by CHRISTESON. The literature is reviewed by WEERD and Smmox. One or
two large cysts may arise in the periphery of an otherwise normal kidney, and
grow to such a size that they distort or displace their parent organ (Fig. 13B).
The disease has usually presented with renal swelling or urinary infection and
in most reported cases in children the destruction of the parenchyma was such
that a nephrectomy was performed, though uncapping of the cyst is the preferable
operation.

Fig. 14. Pyelogenic cysts. Retrograde pyelograms: obligue views in a boy aged 11 years suffering from inter-
mittent haematuria

6. Multi-locular eysts (cyst-adenoma)

In several publications this type has been confused with the multicystic
kidney described above, though it has much more in common with the serous
cyst. Within a firm capsule on the periphery of the kidney is a mass of enlarging
cysts lined by flattened epithelium and containing within them no renal elements
(Fig.13C). Although more common in adults, cases have been reported in children,
by BURRELL, CHAUVIN, TouLsoN and WAGNER. The enlarging mass calls attention
to the condition, and together with the distortion of the renal pelvis, gives rise
to the suspicion of Wilm’s tumour. The diagnosis can only be made with assurance
from the histology of the specimen, and nephrectomy must therefore be the
treatment. In one case there was also hypertension.,

7. Cystic disease with hydronephrosis and pelvi-ureteric obstruction

This rare form has been reported by WARKELEY, HicGINS et al., and MoORE.
In addition to a large pelvic hydronephrosis the parenchyma is entirely replaced
by cysts of various sizes (Fig. 13D). MooRE has used the term spongy kidney
to describe his case, but there is no relationship between this type and the disease
found in young adults described in the literature as Rein-en-éponge.
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8. Pyelogenic cysts

Small cystic spaces (Fig. 14) communicating with the calyceal system may be
seen in otherwise normal pyelograms or in association with the hypoplastic
kidney. They are usually regarded as calyceal diverticula or pyelogenic cysts
and are seldom responsible for symptoms, though occasionally a stone may form
in one and be accompanied by recurrent urinary infection. Such cysts when en-
larged are difficult to distinguish from ‘“hydrocalycosis’ in which there is a
dilatation of the entire calyx. WEYRAUCH and FLEMMING, and HART et al. have
both reported cases of infants with a single large cyst of the kidney, necessitat-
ing nephrectomy, which proved on examination to be a hydrocalycosis.

IV. Malrotated, fused and ectopic kidneys

The anomalies of form and position of the kidneys need only be discussed
briefly in this volume, since the disorders which affect them in childhood are
less common but otherwise similar to those seen in adult life.

1. Simple malrotation

The kidney is normally placed in the lumbar region but its pelvis is directed
anteriorly instead of antero-medially. In uncomplicated cases this type of kidney
does not produce symptoms and if found during investigation of enuresis or
abdominal pain, it should not be held responsible for the complaint.

2. Horse-shoe kidney

The lower poles of the kidneys are joined to one another by an isthmus
of renal tissue which crosses in front of the aorta immediately below the level
of the inferior mesenteric arteries. The two pelves are directed forwards, and the
ureters run downwards in front of the isthmus: pyelograms show a malrotation
and a characteristic medially directed lower calyx (Fig. 15). Other anomalies of
the ureters such as a duplication are not uncommon, and there is a liability to the
development of hydronephrosis.

Gutierrez has described a syndrome in which a simple and uncomplicated
horse-shoe kidney is associated with abdominal pain, nausea and constipation,
and claims that division of the isthmus combined with nephropexy will relieve
these symptoms. Mild abdominal pains are often seen in childhood, and it is
difficult to be sure that the renal malformation is responsible: in cases seen by
the writer the symptoms have cleared up without surgical interference. Similar
considerations apply to the observation of unexplained haematuria associated
with the horse-shoe kidney. CrAUVIN and CHAUVIN believe that the anomaly
alone can be responsible for bleeding, but as will be seen in Section M, V, un-
explained and benign haematuria is relatively common in the pyelographically
normal child.

In general, treatment is only required for complications and may follow the
same lines as in the normal kidney. Excision of one half of the horse-shoe can
be performed: the division of the isthmus presents no special difficulty provided
the exposure is good and the possibility of anomalous blood supply is born in
mind. The problem of hydronephrosis is discussed on p. 26.
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Fig. 15. Horse-shoe kidney. Intravenous pyelogram in a boy with a mild lower urinary obstruction; the renal
anomaly is an incidental finding

Fig. 16. Crossed ectopia with fusion. Intravenous pyelogram in a girl of 4 years with complex cloacal deformity.
Both renal pelves are on the same side of the body, and both are a little dilated
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3. Crossed ectopia

The two kidneys are placed on the same side of the body, the crossed organ
lying below and medial to the other and usually fused with it (KEUSENHOFF,
CARLETON). The ureters enter the bladder in the normal situation on either side
of the trigone. Accompanying malformations are common; in the case illustrated
in Fig. 16, the child also suffered from a minute bladder which emptied directly
into the vagina.

The renal mass is usually palpable on simple abdominal examination and may
be a little tender. In the uncomplicated form it is unlikely to be responsible for
serious symptoms, but hydronephrosis, stone formation and infection may occur.
Surgical operations in the fused cases are difficult, and should be advised only
on unassailable indications. BoISsoNNAT has, however, recorded a case in which
the renal elements were separated at the age of fourteen days.

4. Pelvic ectopia

Unilateral pelvic ectopia is a comparatively common malformation: one
kidney is placed at the level of the promontory of the sacrum or actually in the
pelvic cavity. Such a kidney usually possesses an anterior pelvis and a blood
supply from the lower aorta or iliac artery (THoMPsoN and PacE). The mass may
be palpable on abdominal or pelvic examination, and may indent the bladder
shadow on a cystogram. The fused pelvic kidney, or disc-kidney, is another well
recognized type in which the whole renal mass lies in the sacral region, and is
drained by two ureters. The solitary pelvic kidney where only one ureter is
present is an even more anomalous form, which is very liable to pathological
complications (HANLEY).

V. Hydronephrosis due to congenital pelvi-ureteric obstruction

Hydronephrosis is found during childhood in a large variety of disorders,
particuarly in association with chronic dilatation of the ureters and lower urinary
obstructions. The subject as a whole has been reviewed by CamMpBELL and by
KRETSCHMER, but the hydronephroses due to congenital pelvi-ureteric obstruc-
tion form a distinct clinico-pathological group and it is with these alone that the
present section is concerned. The group gains importance for the urologist
from its relatively common occurrence and from the efficacy of surgical treat-
ment: the manifestations do not, however, differ in any fundamental respect
from those observed in adult life.

1. Incidence

The disorder may occur at any age, though it is most often seen in children
who have passed their fifth year; girls and boys are equally affected. The
majority of cases are unilateral when first seen, but a later development of hydro-
nephrosis in the contralateral kidney may be encountered, particularly when the
first affected has been removed. The left side is involved more frequently than
the right. A familial incidence is rare, but has been recorded (RAFFLE).

2. Pathology

In this type of hydronephrosis the dilatation affects particularly the extra-
renal portion of the pelvis and ballooning of the calyces appears later. It seems,
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in fact, that the disorder occurs only in those kidneys in which there is a well
developed pelvis outside the hilum, and it is not seen in the ordinary upper pelvis
of the double kidney where there is no clearly defined pelvi-ureteric junction.
Hydronephrosis is particularly common in the malrotated kidney. The ob-
struction is evidently sited at the pelvi-ureteric junction, but the exact findings
at operation differ from case to case, and there is a considerable divergence of
opinion among observers as to the true causative lesion.

a) Obstruction due to aberrant renal vessels

Many authorities regard vascular obstruction as the commonest form, parti-
cularly in children (WaITE and WyATT, CAMPBELL). NIXON in a review of cases
at the Hospital for Sick Children found
vessels as a contributory cause in 25
out of 78 cases. There remains, however,
some doubt as to whether the presence
of the vessel alone can obstruct the out-
flow of urine, or whether it merely exacer-
bates, by producing a kink, the ob-
struction due to an intrinsic lesion. The
vessels concerned may be arteries or
veins or both; they are found in front
of the ureter more often than behind
and usually run to the lowermost point
of the hilum but may be truly aberrant,
being derived directly from the aorta
or running direct to the lower pole of
the kidney. At operation it is sometimes
found that the vessel crosses immediately
over the pelvi-ureteric junction, and that
when these two structures are separa- ) o .
ted the distended pelvis empties itself; gffho rotor. Diagtammatic viow showing tha urcier
more often the vessel crosses the ureter kinked and bound down to the surface of the hydro-
1—2 cm distal to the junction and binds TIepIiTOtic e DY & K the Kidney to the lower pole
it down to the surface of the hydro-
nephrotic sac (Fig. 17). In this event the urine flow is seldom restored by
simple freeing of the vessel.

b) Kinks and adhesions

Even in the absence of a vessel it is common to find the ureter bound down
by dense adhesions to the surface of the distended pelvis so that it is acutely
kinked at the pelvi-ureteric junction and at the point where it becomes free.
The adhesions cannot be due to inflammation since they are found in sterile
cases in the new born. OstLiNG has emphasized the frequency with which these
kinks are found in the hydronephroses of children: he has also demonstrated that
a series of kinks involving the muscularis and the mucosa, but not the adventitia,
are a normal feature of the upper third of the ureter in the foetus and he postu-
lates that a persistence of one of these could lead to obstruction. The normal
foetal kinks are not found precisely at the pelvi-ureteric junction, but they do
suggest that at this stage the adventitia forms a loose sleeve around the ureter
which, as it condenses, may fix pathological contortions of the ureter. Division
of the adhesions alone does not usually allow complete emptying of the pelvis,
and it is difficult therefore to regard them as the primary cause of the obstruction.



26 Congenital abnormalities of the upper urinary tract

c¢) High insertion of the ureter

It is sometimes claimed that an abnormally high position of the pelvi-ureteric
junction may be responsible for obstruction: high insertion may be found in the
malrotated kidney, but is otherwise rare and probably results simply from
asymmetrical distension of the pelvis. In the malrotated, fused or ectopic kidneys
the renal pelvis arises from a broad area on the anterior surface of the kidney,
and the ureter therefore springs from the
centre of a dome, rather than from a
narrow triangular cavity as in the normal
kidney (Fig. 18). This type of pelvis
which is clearly at a mechanical disad-
vantage in propelling the urine into the
ureter, and a high insertion may increase
the difficulties. In the case of the horse-
shoe kidney the ureter passes down over
the isthmus and it has been suggested
that this crossing is responsible for ob-
struction: in my cases, however, the
obstruction has clearly been at a higher
level, and often the distension of the
hydronephrotic sac has lifted the ureter
away from the isthmus.

d) Stenosis

Many authors (e.g. Davis) believe that
a narrowing of the ureter immediately
below the pelvi-ureteric junction is the
primary cause of the hydronephrosis,
and that other findings such as kinks and
involvement with vessels are secondary
Fig. 18. Hydronephrosis in the horse-shoe kidney. develo})ments- .IIl the congenital type‘ of
Riiraimati siew showing (o domelie plvs stenosis there is seldom any suggestion
of the kidney of a fibrotic stricture, the muscular wall
is in fact thinner than normal at the site
of the narrowing, and at times muscular fibres are completely absent. MURNAG-
HAN has claimed that an interruption of the circular element of the musculature
is a constant finding, and is the primary lesion. Instrumental dilatation of the
narrowed segment is usually possible, and some writers have suggested a spasm
as the cause of the narrowing.

o ""-\‘“““\\m\\-\\ 3

e) “Unrolled” kidney

The kidney itself in hydronephrosis is often elongated and rather straight:
JEWETT has suggested that this unrolling of the kidney is responsible for entangl-
ing the ureter with the renal vessels and therefore for causing the hydronephrosis.
GRAUHAN on the other hand believes that the presence of hydronephrosis causes
the kidney to grow in this shape.

f) Functional disorders

In spite of all these observations, in a proportion of cases operative findings
do not suggest any obvious cause of obstruction, and it must be emphasized that
the pathology of hydronephrosis cannot be discussed solely in terms of anatomy.
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Disorders of function must be taken into account, although our present know-
ledge of normal physiology is sadly deficient. Intravenous pyelograms show
that in normal conditions the upper 2—3 cm of the ureter as well as the renal
pelvis forms a reservoir for the urine between the contraction waves, and both
these segments are continuously filled throughout the phase of diastole. In
hydronephrosis on the other hand the upper ureter is seldom filled at all in the
earlier films of the pyelographic series, and in the later, there is often a filling
defect immediately below the pelvis. At operation it can be demonstrated that
contraction waves occur in the distended pelvis, but are not propagated down
to the ureter : some failure of conduction at this point has therefore been suggested.
However, the failure of ureteric contractions is probably due to the fact that no
urine passes the pelvi-ureteric junction for the ureter can easily be provoked
to contraction by distension (ANDERSON). In mild cases, it can sometimes be
seen that while the pelvis is lax the upper ureter lies straight, and the contraction
waves will be conducted from pelvis to ureter; if the pelvis is then tightly disten-
ded with fluid a curious writhing occurs, the junction becomes contorted and
waves of contraction no longer reach the ureter. MURNAGHAN has demonstrated
this effect in excised specimens and attributes it to the deficiency of circular
muscle at the pelvi-ureteric junction in these cases. The adventitial sheath may
fix these contortions but does not cause them. It would thus appear that any
kidney with a large extra-renal pelvis, an abrupt transition from pelvis to ureter
and a deficiency of circular muscle at this point, is liable to hydronephrosis
which may be precipitated by a temporary polyuria, producing a load beyond
the capacity of an inefficient segment. The formation of kinks and entanglement
with vessels accentuates the obstruction, and any operation which restores a
straight conical outlet from the pelvis will lead to an improvement.

The consequences of pelvi-ureteric obstruction are well known and need be
mentioned only in brief. The muscle of the pelvis becomes hypertrophied, though
continual distension may ultimately lead to thinning. The calyces dilate, and
there is a progressive destruction of the renal parenchyma as a result of direct
pressure, and of vascular obstruction. Urinary stasis may lead to the formation
of secondary calculi, and urinary infection with consequent pyelonephritic
changes is a common complication.

3. Cliniecal features

Congenital pelvi-ureteric lesions may be responsible for intermittent acute
obstructions or for a slowly progressive distension of the pelvis and calyces. The
acute form is the more common and is seen chiefly in children over the age of
5 years. During the attack there is a severe loin pain which does not radiate; it
lasts for some hours and is accompanied by vomiting and pallor, but after its
cessation the child is well and symptom-free. In the younger children the pain
is less well localized and may be referred to the central abdomen, leading perhaps
to the diagnosis of appendicitis. In the pelvic ectopic kidney, hydronephrosis
may cause lower abdominal pain. At times vomiting is the predominant feature,
and such cases are often regarded as examples of the ‘“‘periodic syndrome” or
acidosis. Most children lie down during the attack, but a few find that the adop-
tion of some posture (e.g. the knee-elbow position) leads to relief. No disorder
of micturition is to be expected, but in a few cases the pain is accompanied by
oliguria and followed by a diuresis. This must clearly be a reflex phenomenon
since the volume of the hydronephrotic kidney could not account for the
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discrepancy in the urine output. During the attack the kidney may be palpable
and tender; in the intervals there are usually no abnormal physical signs.

Where the obstruction is less acute, a much more advanced stage of hydro-
nephrosis may be reached with few symptoms. Sometimes there is aching pain
in the loin, but often a large abdominal mass is found during routine examination.
The latter observation is particularly common in infants in whom the renal
enlargement is easily palpable and gives rise to the suspicion of tumour or poly-
cystic disease. Differentiation can be made from the consistency of the swelling,
from its variation in size from day to day, and from the pyelographic appearances.

Recurrent urinary infection with some pain in the loin is a third type of pre-
sentation. Haematuria may occur with or without infection, in the latter case
it is presumed to stem from a pelvic vein ruptured by pressure. Secondary
calculi seldom give any clinical indication of their presence, and may be found
in symptom-free cases. Hydronephrosis may be discovered during the routine
investigation of enuresis and though the renal condition may require treatment
it is very unlikely to have any bearing on the complaint. Hypertension occurs
on rare occasions in uncomplicated hydronephrosis.

4. Radiological diagnosis

An intravenous pyelogram is the most important part of the investigation,
and treatment should not be undertaken without it; even if the hydronephrosis
is discovered during laparotomy it is wiser to postpone any operative measures
until this examination has been performed as it is often difficult to judge the
state of the opposite kidney and ureter from palpation alone.

The common pyelographic appearance is a bulging renal pelvis with no
filling of the ureter (Fig. 19A). The size of the pelvis is not of such diagnostic
value as its shape: the small tense pelvis shown in Fig. 20 indicates pelvi-ureteric
obstruction as much as the larger but slacker form shown in Fig. 21A. Save in
the earliest cases the calyces have lost their normal cupped appearance and are
clubbed ; in advanced disease large round shadows in the dilated calyces are all
that can be demonstrated. The upper ureter is not often filled in the earlier
films of the series, and in the later it may show the small filling defect illustrated
in Fig. 20, immediately distal to the pelvis. Sometimes there is a blob of dye
in the kinked up portion of the ureter, where vessels or adhesions bind it down
to the dilated renal pelvis. Below the kidney the ureter is normal, or shows a
slight atonic dilatation in the lumbar region.

A large renal pelvis with continuous filling of the upper ureter and normal
calyces should not be classified as a hydronephrosis (Fig. 22): there is no ob-
struction and no treatment is required. Such a pelvis is perhaps predisposed to
the later development of hydronephrosis, however, and if there are any symptoms
at all, periodic X-ray examination may be advisable.

In intermittent hydronephrosis there are characteristic attacks of loin pain,
but in the intervals the pyelogram might pass for normal. In the case illustrated
in Fig. 23 there was a vessel running from the aorta to the lower pole of the left
kidney and the ureteric shadow ceases abruptly at this level. At operation this
vessel was found but it could be demonstrated that on distension of the pelvis a
kink formed at the pelvi-ureteric junction, and it appeared that obstruction
occured at this point, well above the vessel. The decision to explore this type
of case is made from a consideration of the type of pain and from the sharp
cessation of the ureteric shadow: this appearance contrasts with that shown in
Fig. 24; in which there is a transverse linear filling defect in the upper ureter
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without any deviation of the course of the ureter or any dilatation above. The
latter picture may result from a kink of the muscularis within the adventitial

A B

Fig. 19 A and B. Hydronephrosis. Intravenous pyelograms. A before: B after pyeloplasty. Girl aged 6 years
with recurrent loin pain. The pelvis is partially bifurcated as well as being hydronephrotic

Fig. 20. Right hydronephrosis. Intravenous pyelog_r:fm 'iip a girl of 12 months suffering from recurrent urinary
infection

layer, of the type normally found in the foetus, and is not associated with ob-
struction ; exploration is not required.
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In malrotated kidneys, the pelvis normally appears large in the antero-
posterior view: dilatation seen also in the lateral view and dilatation of the
calyces indicate true hydronephrosis (Figs. 25 and 26).

The intravenous pyelogram may show no secretion in the affected kidney:
this may be due to acute exacerbation of obstruction in a kidney of good function

A B

Fig. 21 A and B. Hydronephrosis. Intravenous pyelograms: A before and B after pyeloplasty. Boy aged
10 years whose opposite kidney had heen removed in infancy during laparotomy for abdominal pain

(as in renal colic, a nephrogram is occasionally seen) or to advanced destruction
of the parenchyma. A retrograde pyelogram is desirable in these circumstances,
though this procedure is not without risks due to infection or trauma; it is
wise to perform the examination in the operating theatre and to proceed im-
mediately to operation if the diagnosis of pelvi-ureteric obstruction is made.
It is not always possible to fill the obstructed pelvis from below, but the
kinked up ureter is usually outlined and. gives a clear indication of the nature
of the disorder.

It is sometimes claimed that aortography is of value in indicating the type
of operation to be undertaken, but in the child it is a difficult procedure and not
without risks. In my opinion it is not a justifiable investigation in these cases.
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Fig.22. Large renal pelves without pelvi-ureteric obstruction. Intravenous pyelogram in a girlaged 5 years without
renal symptoms. Condition unchanged in 3 year follow-up

— Site of vascular
obstruction

Fig. 23. Intermittent hydronephrosis. Intravenous pyelogram in a boy aged 10 years with repeated attacks of
severe left loin pain. At operation an aberrant vessel was found to cross the ureter 3 cm below the pelvi-ureteric
junction: there was also a kink and potential obstruction at the junction itself (see text).
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5. Treatment and prognosis

The aim of treatment is not only to relieve the pain and prevent the recur-
rences of infection, but also to preserve and improve the functioning renal tissue.
During recent years the great value of conservative operations has been recog-
nized and there is now no doubt that they are applicable to the majority of cases

(four-fifths of my series). Un-
treated, the rate of increase of
the dilatation may be extremely
slow in those cases with inter-
mittent attacks of pain, while
in the chronic form deterioration
is apt to continue relentlessly
despite the absence of sym-
ptoms. Operation is desirable
in all cases in which a definite
obstruction can be demonstra-
ted, though when as in the
case illustrated in Fig. 20, the
hydronephrosis is first found
during an attack of infection,
it is wise to repeat the pyelo-
mucosal gram some weeks after sterili-
Kk zation of the urine to exclude
the possibility that the ob-
struction was due to temporary
spasm.

Conservative operation is
almost obligatory in cases of
bilateral hydronephrosis and in
the primarily unilateral case
when the contralateral kidney
has a large, square pelvis which
suggests that hydronephrosis
may later develop there too.
The presence of calyceal dila-
tation, mild infection or calculi

Fig. 24¢. Normal kidney with non-obstructive kink below need not contraindicate con-
i pefviarcers Jmtton, iravenoue pylogram i servatism, but nephrectomy is
(see text) required where the renal paren-

chyma is extensively destroyed

or where there is severe pyelonephritis complicating unilateral disease, for in
such cases the infection is very difficult to eliminate. Hypertension unquestion-

ably indicates nephrectomy in the unilateral case.

The techniques of conservative surgery are discussed in another volume, but
certain expressions of opinion may not be out of place here. Ligature of vessels
alone is only justifiable where that procedure results in the immediate collapse
of the hydronephrotic sac: in other cases a plastic operation is required, and its
use may obviate the need for a ligature which deprives an important area of the
kidney of its blood supply. Division of adhesions alone is not an adequate meas-
ure, and simple dilatation of the junctional region has given disappointing re-
sults. The author has obtained better results with the operation described by
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ANDERSON, which is applicable to all types, than with the Foley Y-V-plasty,
or with any other procedure. In infected cases it is desirable to sterilize the
urine before operation; post-operatively a short period of nephrostomy drainage
may be desirable, though not essential.

A satisfactorily performed conservative operation will almost always relieve
the attacks of pain, and prevent recurrence of infection: some improvement in
renal function is to be expected, though a perfect restoration of normal anatomy
is seldom achieved. Figs. 19B and 21B illustrate the recovery which may be
possible. By contrast, in malrotated and ectopic kidneys the response to plastic
operations is seldom satisfactory unless there is a well defined vascular obstruc-
tion. In the painful unilateral anomalous hydronephrosis therefore nephrectomy
should be the treatment of choice, and in the symptom-free cases operative
intervention is scarcely ever justified. Conservative operation for the relief of
hydronephrosis in the horse-shoe kidney is sometimes successful: CuLe and
WINTERRINGER indicate that pyeloplasty should be supplemented by division
of the isthmus and nephropexy, though I am not entirely convinced of the value
of the latter procedures. With very low kidneys, HEiss has performed a direct
anastomosis between the renal pelvis and the bladder (pyelocystomosis) and
claims good results.

At times a purely intrarenal hydronephrosis is seen in the anomalous kidney :
in one of my cases a child presented with anuria due to acute obstruction at a
strictured reno-ureteral junction of a solitary pelvic kidney. Relief was obtained
by a plastic operation to widen the junction.

VI. Congenital ureteric stricture, hypoplasia and valves

Congenital narrowing of the ureter affects chiefly the pelvi-ureteric junction
causing hydronephrosis as already described. Congenital uretero-vesical stric-
ture produces a condition akin to mega-ureter and is discussed in Section C.
Between these two points, a congenital narrowing is rare and is usually asso-
ciated with a defect of the muscle coat, occasionally an absence of one layer
only, but more often the ureter is narrowed to a thread-like structure with thin
walls devoid of muscle elements, and a minute or absent lumen. This lesion is
here described as ureteric hypoplasia though it has received little attention in
the literature.

Where there is complete obliteration of the lumen, ureteric hypoplasia is
associated with severe dysplasia of the kidney, or with the multicystic kidney.
These conditions have already been described, and it will be noted that in them
the obliterative process extends up into the pelvis and calyces.

Where only a short segment of ureter is affected, and obliteration of the
lumen is not complete, the hypoplastic area will present an obstruction to urine
flow and cause partial hydro-ureter or hydronephrosis. This type might be
included under the heading of “stricture” but the latter term is usually applied
to a narrowing with a thickened wall, and the distinction is worth making be-
cause severe and mild forms of hypoplasia may occur in the same patient. Thus
in one case under my care, a long hypoplastic segment on the left side led up
to a multicystic kidney, a short segment at the level of the pelvic brim on the
right caused severe hydronephrosis. Hypoplasia may affect more than one seg-
ment of the ureter causing multiple “strictures”.

Hypoplasia of the lower end of an ectopic ureter (derived from the upper
pelvis of a double kidney) is illustrated in Fig. 27. The lumen was sufficient to
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allow dribbling incontinence, but had caused considerable dilatation of the proxi-
mal segment, and of a blind bifurcation or diverticulum.

The treatment of hypoplasia is by excision and re-
anastomosis, or by nephrectomy.

The term ureteric valve should not be applied to a
kink which involves the whole ureter: such kinks are
an inevitable concomitant of ureteric dilatation, and
where this ceases above the bladder as in the simple
mega-ureter with supravesical narrow segment, the
terminal kink has always a valve-like appearance.
True valves consist of mucosal folds within the lumen,
and do not involve the muscularis; they are very rare
but they have been described in children by RoBERTS
and by SiMoN et al.

VIL Duplications of the ureter

1. General

Duplication of the ureter in various forms is one
of the commonest malformations of the genito-urinary
tract, and complications much more frequently give
rise to symptoms during childhood than during adult
life. The possibility of a duplication must always be
borne in mind whenever pyelograms are reviewed,
particularly in children with pyuria, renal pain or
incontinence, and it must be emphasized that renal
function may be so depressed in the affected elements
that only one pelvis and ureter is outlined pyelo-
graphically. The anatomy of the malformation is
therefore described in some detail in this volume,
though for embryological details and full references
Volume VII should be consulted.

a) Incidence

Narrox has reviewed the malformation at all ages,
and found 109 cases in the 16000 autopsies: it was
more common in females, and in that sex very much
more often showed pathological complications. GOYANNA
and GREENE found the right side to be affected twice
as often as the left, but it must be emphasized that
some form of the malformation is very often bilateral,

Fig. 27. Ureteric hypoplasia,
with a blind duplication in an
ectopic ureter. Operative spe-
cimen from a girl aged 7 years
with dribbling incontinence due
to an ectopic ureter derived
from the upper pelvis of a right
double kidney. Hemi-nephrec-
tomy with ureterectomy per-
formed. The lower end of the
ectopic ureter is narrow and
thread-like, the upper end is
dilated and there is a distended
blind pouch opening in it

perhaps showing a bifid ureter on one side and a
complete duplication on the other. CAMPBELL has reviewed the complications
in children.

b) Anatomy

The malformation arises from the development of an accessory ureteric bud
either upon the side of the normal ureter (resulting in an incomplete duplication)
or upon the parent Wolffian duct (giving a complete duplication). All derivatives
of the ureteric bud are therefore duplicated and differentiation of the nephrons
takes place in relation to the two systems, but the mass of meta-nephric tissue

3*
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into which the ureters grow remains undivided save in the rare instances of
supernumerary kidneys. Apart from some increase in length the kidney has a
superficially normal appearance and there is no more than a shallow sulcus to
indicate the watershed between the two systems of drainage. A more definite
division may result from changes in only one renal element as when there is
severe hydronephrosis or pyelo-nephritis, but an incision severing the two halves
must always cut through renal tissue. The renal artery exhibits a premature
division into branches which usually follow, however, the general pattern for the
normal kidney described by GrAVES: it sometimes happens that one calyceal
system is very largely served by one or two arterial branches, but more frequently
there is no correlation between blood supply and urinary drainage.

The form of the pelvi-calyceal systems is similar in all types of duplication:
with rare exceptions the upper element is the smaller, its ureter expands very
little to form a renal pelvis and there is no true pelvi-ureteric junction. Within
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Fig. 28 a—f. Outline tracings of pyelograms, show the lower pelves of double kidneys. In a and b the upper
ureter connected with an ectopic ureterocele. In ¢ the ureter was bifid and in d, e and f the ureter from the
upper pelvis terminated in the vagina
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the kidney the area of drainage corresponds to the upper major calyx of the
normal organ. The lower element is larger and a definite pelvis is formed. The
pyelographic appearances of the separate elements should be studied with care
so that the duplicity can be readily recognized even if only one pelvis is outlined.
The upper element can be identified without difficulty; when only the lower
is filled, it can be recognized as part of a double kidney from one or more
of the following features (Figs. 28 and 29, 38 and 40).

o) The calyces are fewer in number than in the normal kidney, and the upper-
most does not approach the upper limit of the renal shadow.

f) The upper pole of the kidney appears to be rotated outwards and down-
wards giving the pelvis something of the appearance of a drooping flower. This
distortion may be mimicked by a tumour.

y) The upper calyx is short, and though the cups of the calyces may be di-
rected upwards or medially they are very close to the renal pelvis and there is
no elongated infundibulum. Occasionally there is a suggestion of malrotation.

d) The pelvis is displaced laterally away from the vertebral column, and the
ureter instead of being directed at first towards the mid-line and then running
down vertically gradually approaches the paravertebral region at the level of
the 5th lumbar vertebra.

In cases where the ureter from the upper pelvis ends ectopically the upper
element is unusually small and the outline of the lower pelvis less typical. Where
the duplication is incomplete the two elements are occasionally of almost equal
size, or very rarely the upper may be the larger.
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The point of bifurcation of the ureter in incomplete duplication may be placed
at any point between the renal pelvis and the bladder, though it is more common
in the upper and in the lower third than in the middle. The branches normally
run parallel to one another and join at an acute angle, but occasionally one
spirals around the other before joining it.

Because of the manner in which the terminal segment of the Wolffian duct
is absorbed into the trigone, in the compiete duplications the upper pelvis ureter

Fig. 29. Left bifid ureter. Intravenous pyelogram in a boy aged 7 years complaining of recurrent loin pain. The
pyelogram shows no evident complication and the attacks of pain ceased spontaneously after 3 months

enters the bladder at some point caudal and medial to the ureter from the lower
element. Commonly the latter has an orifice at the angle of the trigone which has
cystoscopically the normal crescentic appearance, while the former (upper renal
element) has a slit-like opening placed on the inferior aspect of the inter-ureteric
bar where it is very easily overlooked. At times the opening of the ureter from
the upper pelvis becomes even further removed from its normal position, and
may be placed at the bladder neck, in the urethra or in other organs; these
complications (ectopic endings) and the formation of ureteroceles are discussed
in a later section. At other times the orifice of the upper pelvis ureter lies im-
mediately medial, or very rarely medial and superior, to the orifice of the lower
pelvis ureter. The common arrangement of the ureteric orifices in complete
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duplication is often taken to indicate a crossing of the ureters, though in fact
the upper pelvis ureter often lies medial to its fellow throughout its length, and
it is merely prolonged beyond it at both upper and lower end ; the frontal crossing
which is shown in pyelograms taken in the antero-posterior view very seldom
indicates a true spiralling. In the lumbar region the two ureters are loosely bound
together, but as they approach the bladder they become more closely united
within Waldeyer’s sheath and often share a common adventitial layer.

¢) Complications

There are very many cases in which a complete or incomplete duplication
never causes any derangement of function, and the malformation is only directly
responsible for symptoms where there is an ectopic opening or a ureterocele.
Nevertheless, double ureters unquestionably carry an increased liability to com-
plications and certain characteristic ones merit discussion.

o) Recurrent urinary infection

The routine investigation of pyuria in girls not infrequently discloses the
presence of double ureters in which there are no additional complications such
as hydro-ureter or hydronephrosis, and although it is difficult to prove statisti-
cally, this malformation does appear to predispose to infection. It should be
emphasized that when the pyelograms reveal no secondary pathological process
there is no indication for surgical interference since the renal element responsible
cannot be identified with certainty. Cases should therefore be treated along the
lines suggested for recurrent infections in the normal urinary tract (page 143) and
spontaneous remission is ultimately to be expected.

B) Pain

A great many children suffer vague abdominal pamn which is sometimes
sufficiently persistent to demand an investigation of every system within the
abdomen: it is not therefore surprising that some such cases will be found to have
double ureters, and the knowledge of the existence of this malformation frequently
worries both parent and child. Where the duplication is pyelographically un-
complicated there should be great hesitation in identifying it as the cause of the
symptoms, and unless the pain is very clearly renal in origin, it is wiser not to inform
the parents of the findings. There are, however, in children as in adults certain
subjects with bifid ureter who suffer colicky pain in the loin, and it has been
suggested that in these few there is an interference in the transmission of the
peristaltic wave at the point of bifurcation. In these cases an upper pole hemi-
nephrectomy has been advised (GuTIERREZ, CAMPBELL), but I have always been
reluctant to undertake such a procedure unless an abnormality can be demon-
strated radiologically, and in some of my cases the pains have ultimately ceased
spontaneously.

Y) Hydronephrosis

The lower pelvis has a definite pelvi-ureteric junction, and is as liable as a
normal kidney to congenital obstruction and hydronephrosis. In the author’s
cases (Fig. 30) and those reported in the literature (e.g. FEYDER and DEMING)
the hydronephrosis has been of such a size as to require nephrectomy, but less
severe cases will probably be seen and can treated on conservative lines. In the
upper element there is very rarely any extra-renal pelvis and congenital pelvi-
ureteric obstruction can scarcely occur.
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§) Hydro-ureter

The most marked examples of hydro-ureter with duplications are seen in the
ureters with ectopic endings or ureteroceles and affect therefore the upper pole
ureter. Chronic dilatation affecting both branches is quite commonly encountered
in low bifurcation of the ureter, often with chronic urinary infection. In three
of the author’s cases this type was associated with dilatation of the contralateral
single ureter and the exact importance of the duplication was hard to assess.

Fig. 30 A and B. Hydronephrosis due to pelvi-ureteric obstruction in the lower pelvis of a double kidney (bifid
ureter). A Intravenous pyelogram showing the displacement of the upper pelvis and distortion suggesting renal
tumour. B Nephrectomy specimen

Such cases must be treated in the same way as mega-ureters without this com-
plication; conservative operations on the ureters are seldom successful but
nephrectomy must only be performed in the strictly unilateral case. In the com-
plete duplications where both ureters open close together on the trigone, a moderate
dilatation of the ureter from the lower pelvis may be seen, usually with pyelo-
nephritis and hypoplasia of the corresponding element. Ten such cases have been
treated by the author; they presented with recurrent pyuria and the diagnosis
was easily established from pyelograms (Fig. 31). Satisfactory relief was obtained
by lower pole heminephrectomy. Other variations are encountered from time
to time and many offer the possibility of cure by resection of the affected renal
element.
€) Hypoplasia

Complete or partial hypoplasia is a complication of many types of ureteric
duplication and the renal element associated with an ectopic ureter is very often
affected in this way.

2. Blind ending duplications

At times one ureter, arising either as a branch of the main duct or indepen-
dently from the bladder, ends blindly at its upper extremity and makes no
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contact with renal tissue. Perhaps the commonest site for such malformations
is near the lower end (e.g. KRETSCHMER’S case) and where the blind pouch opens
immediately adjacent to the ureteric orifice in the bladder it may be difficult to
decide whether it should be regarded as a vesical diverticulum or as a ureter.
Often there are no symptoms directly attributable to the malformation; the
author has thus encountered one in an enuretic child and another during nephro-
ureterectomy for ectopic ureter
(Fig. 27). In some reports, howe-
ver, the blind pouch has become
distended and has obstructed the
normal ureter (Harris, Camp-
BELL). Such blind duplications
are hardly distinguishable from
the true ureteric diverticula which
are reported on very rare occa-
sions: CuLP in reviewing the
literature found eleven cases of
which two presented in childhood.

3. Supernumerary kidneys

Accessory renal elements en-
tirely separate from the normal
kidney are very rare: CARLSON
was able to find only 51 cases,
recorded at all ages. They may
present in childhood as in the
case of GLEIZE-RAMBAL et al.
The supernumerary organ has
almost always an additional mal-
formation such as hydronephrosis
or hypoplasia; it is most often
found in the iliac fossa or pelvis
and its ureter joins that from the
normal kidney above the bladder.
Fig. 31. Complete ureteric duplication with hypoplasia of the ~ The hydronephrotic sac may pre-

lower renal element. Retrograde pyelogram in a girl aged .
8 years suffering from recurrent urinary infection. Satisfactory ~S€Nt as a mass in the abdomen

relief obtained from heminephrectomy causing partial obstruction to the

normal kidney. A supernumerary

kidney lying above the normal organ and drained by an ectopic ureter is on
record (RUBIN).

4. Caudal bifurcation

On rare occasions a ureter which is single above, branches at its lower end:
Proxi1Tis found 11 cases reported. Where both branches enter the bladder no
serious complications are to be expected, but it is recorded that in some, one
branch ended in the vagina and caused dribbling incontinence. The diagnosis in
these cases is open to some question as the patients had had previous extensive
gynaecological operations, and an epithelialized fistula might have formed, but
voN RiumER describes a girl of 17 years whom he investigated for vaginal incon-
tinence and found that the left ureter had a triangular dilatation at its caudal
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extremity; one angle of the triangle was represented by a small orifice in the
region of the bladder neck while the other was formed by an opening into the
vagina.

5. Triplieations of the ureter

Three or more ureters may drain a single kidney: they may unite or enter the
bladder separately. The kidney itself is likely to be anomalous, and is extremely
liable to all the complications described for the “double kidney”. A case in a
child has been reported by SmitH, who also reviews the literature.

VIII. Ectopic ureters

1. General

An ectopic ureter is one which has its termination in the urinary tract at a
point distal to the normal site or in some part of the genital tract. The ureter
may be single and drain the whole of the corresponding kidney, in which case
some associated renal anomaly is common e.g. hypoplasia, malrotation or ectopia.
More often the ureteric ectopia is associated with duplication, and the ureter
from the upper pelvis, which always opens in the more caudal position,
terminates ectopically. There may be bilateral ectopic ureters of either type,
or both ureters from the one kidney may end ectopically, though that from
the lower pelvis will be nearer the normal situation than that from the upper
pelvis. The ureter itself is almost always dilated, sometimes exhibiting a saccular
dilatation ; the orifice may be wide or strictured. The related renal element is
usually small, and complicating pyelonephritis is not uncommon.

The symptoms caused by the presence of an ectopic ureter depend less upon
its origin than upon its termination. If it reaches the vesico-urethral canal, it
must open somewhere between the site of the normal ureteric orifice, and the
final position of the Wolffian duct opening, i.e. the verumontanum in the male,
or the region of the external urinary meatus in the female. On the other hand,
if the bud originates high up on the Wolffian duct, it will fail to reach the urethra,
and will retain its connection with the derivatives of that duct (i.e. the ejaculatory
ducts, seminal vesicles or vasa deferentia in the male) or with atrophy of its
parent, break through into the Miillerian duct system (vagina or uterus in the
female). Openings further afield, into the rectum for instance, are also on record.

For general reviews and full lists of the relevant literature, the reader should
consult the works of DEUTICKE, BURFORD et al., CAMPBELL, HEPLER, T. D. MOORE,
Porrrzer, and VazQuez and VARELA. In the following paragraphs, the various
anatomical types of ectopic ureter will be considered separately.

2. Urethral ectopia in the female

A ureter which opens at the bladder neck or into the upper urethra of the
female often causes very little disturbance of function and may be symptomless.
As with other forms it may be derived from a single or a double kidney, but it
should be noted that in the latter case it may drain the lower pelvis, while the
ureter from the upper pelvis is more widely ectopic, opening into the vestibule or
vagina. The orifice is wide, and clearly visible on urethroscopy but dilatation of
the ureter is the rule and may be extreme at the lower end, simulating a urethral
diverticulum (WirrmarTH). In this situation the ectopic ureter does not cause
incontinence in the child, though it is possible that in adult life, with the relaxation
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of the external urethral supporting muscles, it may do so (IDBOHRM and SJoSTEDT).
Most of the cases present with recurrent or persistent pyuria, and with the symp-
toms characteristic of infection. The diagnosis will be suspected from the intra-
venous pyelogram; the corresponding renal element will seldom concentrate the
dye sufficiently to cast a clear shadow, but its presence will be indicated by the
shape and position of the lower pelvis (see p. 36). Confirmation may be obtained
by urethroscopy and catheterization of the ectopic orifice: treatment, when

Fig. 32 A and B. Urethral ectopic ureter with hydronephrosis of the lower pelvis of the same kidney. A Cystogram

after micturition in a boy aged 3 years complaining of difficult micturition, and found to have a large residual

urine. I.V.P.demonstrated normal right kidney and no function on the left side. Endoscopy showed a wide left

ureteric orifice in the normal situation, and a second left orifice in the posterior urethra. Reflux took place only

into the lower pelvis (normally placed orifice). B Nephro-ureterectomy specimen. After operation normal
micturition without residuum was immediately restored

required, will almost always consist of nephrectomy or heminephrectomy, since
conservation of the renal element by re-implantation of the ureter is unlikely to
succeed.

3. Urethral and genital tract ectopia in the male

In urethral ectopia the orifice lies at or above the level of the verumontanum,
and the clinical features will be similar to those described for the female. When
the ureter enters the seminal vesicle or the vas, the symptoms may be due to the
development of an inflammatory mass behind the prostatic urethra, or to epi-
didymitis. An additional complication which has been observed is the develop-
ment of bladder neck obstruction, causing dilatation of the contralateral ureter
(cf. SmITH).

In three of my cases pathological complications were not confined to the
ectopic ureter; the ureter from the lower pelvis of the same kidney, although
opening normally on the trigone, was grossly dilated and allowed free reflux
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(see Fig.32). These boys were all brought to hospital with the diagnosis of
chronic retention of urine, but it was found that the apparently large residual
urine was simply the result of the large volume which entered the ureter at each
act of micturition, and which flowed back afterwards. Normal bladder function
was in all cases restored by com-
plete nephro-ureterectomy.

4. Ectopic ureterocele

This important lesion has
received tardy recognition from
urologists and appears in the
literature under a wide variety of
names; cases have been reported
as cysts of the trigone and as
double bladders, while MERTZ et
al. refer to blind uretero-vesical
protrusions which appear to con-
form to the pattern to be des-
cribed as ectopic ureterocele.
Ericsox has given a full descrip-
tion of the condition, however,
and reference should made to his
work for areview of the literature.

a) Anatomy

The ectopic ureterocele differs
in many respects from the simple
ureterocele, and in my experience
has been the commoner lesion in
childhood: sixteen cases have
been operated upon in a five
year period. The actual ureteric =~ .
orifice lies within the urethra
while the ureterocele is a locali- g 2,
zed bulge of dilated ureter lying <L\
inside the muscular wall of the R
bla'dder’ bu,t' deep to the bladder Fig. 33. Diagrams to show the anatomical arrangement in the
mucosa (Fig. 33). The ureter, ectopic ureterocele (see text)
which carries its own muscular
coat, is a little constricted where it passes through the detrusor and again where
it passes down through muscle of the internal sphincter to reach the posterior
urethra. The findings have varied somewhat and have been classified in three
types.

In type I, a small cystic protrusion with a comparatively narrow base is
present at the bladder neck, showing on the cystogram as a semi-circular filling
defect. At simple cystoscopy with the right angle instrument this may easily
be overlooked unless the outline of the bladder neck is carefully followed; the
trigone itself and the upper ureteric orifices appear normal. On urethroscopy
the swelling is easily visualized and seems to be prolonged down the urethra.
This type of ureterocele can prolapse through the female urethra and can cause
mild bladder neck obstruction, but does not directly obstruct the other ureters.
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In type IT there is a broad based cystic protrusion occupying a large portion of
the trigone and prolonged down as a ridge in the mid-line of the posterior urethra
where the ureter opens through a comparatively wide orifice. The lower pelvis
ureter from the ipsilateral kidney is drawn up on the slopes of the ureterocele
and the contralateral ureter may be similarly affected. This type of ureterocele
may therefore obstruct the lower ends of the other ureters as well as the bladder
neck. When bilateral the two
ureteroceles may fuse together
into a single swelling, but a
partition between them persists.
At cystoscopy the greater part
of the bladder is obscured by
the bulging ureterocele, and en-
doscopic diagnosis is difficult.
On the cystogram a large filling
defect (Fig. 34) shows well above
the bladder neck and to one
side of the mid-line, its outline
is almost a complete circle.

Type Il is a2 development of
type II in which the ureter as it
leaves the ureterocele runs out-
side the internal sphincter of
the bladder and forms a dilated
sac behind the posterior urethra.
Reflux may occur into the di-
lated ureter after micturition.

b) Symptoms

In general symptoms are due
to the large reservoir of infected
urine in the dilated ureter
causing recurrent or persistent
pyuria (Fig. 35). Difficult mic-

Fig. 34. Bilgt%ral ectopighureterocelg llngﬁamuscular 1pyelogra,}:n turition due to bladder neck

in a girl aged 2 years with pyuria. Only the lower pelves of the .

double kidneys are outlined, they are displaced laterally by the obstruction and prOIapse of the

dilated ureters from the upper pelves. The bladder shadow shows ureterocele may also occur
filling defects corresponding to the ureteroceles ’

while in type 3 there may be
incontinence due to interference
with the sphincters. In the case illustrated in Fig. 36, the ectopic ureter, although
uninfected became extremely dilated and acutely kinked, causing colicky ab-
dominal pain and a tumour simulating an intussusception.

¢) Diagnosis

The condition is usually diagnosed with ease from the intravenous pyelograms:
there is the characteristic filling defect in the bladder shadow associated with
absent function in the upper element of a double kidney. The bulge in the bladder
makes the cystoscopic appearance confusing, but the ectopic orifice can be seen
on urethroscopy.
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d) Treatment

In most cases the essential measure of treatment is the removal of the dilated
ureter and this may be achieved by heminephrectomy and complete ureterectony.
At the same time the ureterocele should be “uncapped” through the open bladder.

A B
Fig. 35 A and B. Ectopic ureteroceie causing gross dilatation of the upper renal pelvis of the right kidney. A intra-
venous pyelogram; B heminephrectomy specimen. Girl aged 3 years with persistent pyuria and palpable en-
largement of the right kidney. Cystoscopy showed a typical Type I ectopic ureterocele. The lower renal pelvis
of the right kidney is displaced but not dilated

Simple opening of the ureterocele cavity by endoscopic diathermy is not
satisfactory, as the dilated ureter remains as a reservoir of infection and the renal
element associated with the ectopic ureter is so small that it is not worth pre-
serving.

Difficulties arise when the presence of the ureterocele has led to the dilatation
of the ureter from the lower pelvis of the ipsilateral kidney: where this dilatation
is advanced and the malformation is unilateral, total nephro-ureterectomy has
seemed the best solution. In bilateral cases heminephrectomy and excision of
the ureterocele has led to the improvement in the function of the lower element
but some dilatation persists.

5. Vaginal and vestibular ectopia

In contrast to the other forms of ectopic ureter, vaginal ectopia has received
full attention in the literature, and single case reports are very numerous. Apart
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from the general reviews already mentioned, the papers by ALLDRED and HigagIxs,
LANGLEY, SANDMANN, and WiLLIAMS may be consulted.

a) Anatomy

The ureteric opening may be found in the vestibule a short distance behind
and lateral to the external urinary meatus; more often it is placed higher up
the lateral vaginal wall, or even on the cer-
vix uteri. The ureter is occasionally of normal
calibre, and served by a renal element of good
function, but hydro-ureter and renal hypo-
plasia are the common findings. At times
the lower end of the ureter is extremely
dilated, and may displace the bladder neck,
or open into a cyst in the vaginal wall
(TrROLLE, MEADE).

b) Symptoms

The characteristic symptom of the vaginal
ectopic ureter is continual dribbling inconti-
nence of urine despite normal micturition

performed at normal intervals. In some
children, the incontinence is only present
)%— " Al when they are in the vertical position, since

o _ when the ectopic ureter is dilated it can act as
r ' a reservoir as long as the child is recumbent.
A9 Bladder function is likely to be entirely nor-

A mal, but frequency may be observed at times,
O perhaps induced by parental attempts to
<« minimize the incontinence; the history of
the disorder should date from birth, but
mothers do not always give a dependable
account of their child’s urinary habits during

—

Fig. 36. Right nephro-ureterectomy specimen
showing enormous dilatation of the upper
pelvis ureter in a case of ectopic ureterocele.
The child, a girl aged 3 months suffered severe
spasmodic attacks of abdominal pain. The
right kidney was palpable and the 1 reter was
felt as a tense, mobile mass in the left iliac
fossa. The urine was sterile: cystoscopy showed
a typical right ectopic ureterocele, and on
intravenots pyelograms the lower renal ele-
ment only was outlined on the right side, and
this was severely hydronephrotic

the first two years of life, and a few children
undoubtedly have a late onset of incontinence.
Where the opening is vestibular the ectopic
ureter may be controlled to some extent by
the urethral musculature, so that incontinence
is not a feature, and intermittent pyuria is
the presenting complaint. In the vaginal
ureter too, severe infection will modify the

symptoms: purulent vaginal discharge in an
infant should suggest the presence of an ectopic ureter, while acute obstruction
and pyo-ureter may lead to a return to normal control.

¢) Diagnosis
On rare occasions the diagnosis may be established by direct observation of
the ectopic orifice: the ureter can then be catheterized and outlined by retrograde
ureterography. The vagina, however, is a difficult field in which to search for
a small orifice, and since the function of the corresponding renal element is
poor, little help can be obtained by the intravenous injection of dye. One dye
test can be of value in excluding a simple urethral incontinence: the child is
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catheterized and the bladder filled with a fluid containing indigo-carmine, the
catheter is then withdrawn and the vulva carefully cleansed. A white pad is
then applied and the child is allowed to run about: if the pad becomes damp with
clear urine, a vaginal ureter is certainly present.

Despite the difficulties of direct observation, the presence of an ectopic ureter
may be surmised from the ordinary findings of pyelography and endoscopy, and

A B

Fig. 37 A and B. Right double kidney with ectopic ureter. A Retrograde pyeiograms in a girl aged 3 years

suffering from dribbling incontinence of urine. Two normal ureteric orifices were present in the bladder: on the

right side the upper calyx is displaced laterally and contrasts with the opposite kidney. Exploration confirmed

the presence of a double kidney, and heminephrectomy was performed. B Operative specimen. Incontinence
was completely relieved

it is quite safe to proceed to treatment without having actually catheterized the
ureter in question. With the double kidney the presence of a duplication will be
recognized from the intravenous pyelogram even if the upper element fails to
concentrate the dye (Fig. 37 also see p. 36). Endoscopy then shows only one
orifice in the bladder on the side of the duplication, and a retrograde uretero-
gram performed with the eye of the catheter just inside that orifice will exclude
the possibility of a bifid ureter. It will then be clear that the ureter draining the
upper pelvis must end ectopically. It should be remembered, however, that the
ectopic ureter like other forms of duplication may be bilateral, and that on rare
occasions the ectopic ureter drains a supernumerary kidney.
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In ectopic ureter without duplication, absence of one ureteric orifice and
asymmetry of the trigone will be noted on cystoscopy, and if the intravenous
pyelogram shows a functioning kidney on that side, the ureter must clearly be
ectopic. Where no concentration of dye can be seen, the differentiation from renal
agenesis presents some difficulty. In these circumstances aortography may be
employed to show up the kidney, but where the symptoms leave little doubt
as to the presence of an
ectopic ureter it may be as
well to proceed directly to
exploration. The possibility
of vaginal incontinence with
caudal bifurcation of a
single ureter is discussed
on p. 40.

The pyelographic “jet
phenomenon” must not be
mistaken for the shadow of
an ectopic ureter (Fig. 38).

d) Treatment

The incontinence due
to ectopic ureter may be
remedied by excision of
the corresponding renal ele-
ment, by implantation of
the ureter into the bladder
or by simple ligature. The
last method may be prac-
ticable in adults where
there is an easy vaginal
approach, though it is
perhaps unreliable, but it
is usually inapplicable to
children. Implantation of
a dilated ureter into the

Fig. 38. Normairight kidney and ureter showing the ““jet phenom]enon”. bladder is seldom satis-
Incomplete ureteric duplication on the left side. Intravenous pyelogram

in a boy aged 6 years. The right ureter appears to be unnaturally I;JTO} factory because of reflux
longed, but is entirely normal, and the appearance is due to a jet o 3 il : _
radio-opaque urine being propelled into the bladder which contains and the liabil lty to infec

clear urine tion, but this method may

be employed if the total

renal function is poor. In almost all cases nephrectomy or heminephrectomy is

the treatment of choice, and if the ureter is at all dilated its whole length

should be removed. In some instances the presence of the dilated stump in

the vicinity of the bladder neck has led to persistence of the incontinence,

and in one of the author’s cases there was an associated weakness of the urethral

musculature, so that control was finally achieved only by the use of the Millin
sling procedure (cf. WEssoN).

IX. Ureterocele and ureteric prolapse

The ectopic ureterocele, the characteristic form presenting in childhood, has
been discussed in a previous section (p.43); the simple form on a normally
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placed ureter need only be described briefly. Full reviews have been given by
BoissonNaT and by Gross and CLATWORTHY.

A ureterocele is a cystic dilatation of the intravesical ureter, distending the
short segment lying under the bladder mucosa. In mild cases the cyst fills and
empties with the phases of ureteric activity, and the efflux can be observed cysto-
scopically as the cyst deflates. The ureteric orifice may be stenosed, but often
appears normal as long as the ureterocele is collapsed. When there is no stenosis,
the development of a ureterocele cannot
be satisfactorily explained, though it
appears to affect a ureter with a long
submucous course, and when, as often, a
double ureter is present, the ureterocele
is almost always formed on the ureter
from the upper pelvis, which opens near-
est the bladder neck. The wall of the
cyst includes vesical and ureteric mucosa
separated by a thin layer of ureteric
muscle.

The ureter above the bladder is often
dilated, particularly in its lower third.
The intra-mural ureter, where it traverses
the muscle coat of the bladder, resists
dilatation in mild cases, but ultimately
opens up and allows the cyst to be evagi-
nated when the pressure within the blad-
der is high. This feature appears to be
characteristics of ureterocele in child-
hood (CampBELL), and findings in one of
my cases are sketched in Fig. 39. When e ))
the bladder is partly filled, and the intra- e
vesical pressure is IOW, the ureterocele Fig. 39. .Evaginat.ing ureterocele. Diagrammatic
protrudes into the bladder like a balloon; —Rasasitial sections thiough fhe bladder. e
when the bladder is tightly distended with  of the wide dilatation of the intra-mural ureter,

. . . the wall of the ureterocele can be blown back into
fluid, evagination occurs, and the cysto-  the ureter, giving on cystoscopy the appearance
scopic appearance is exactly similar to of a diverticulum
that of a vesical diverticulum.

In mild cases a ureterocele is symptomless: it may, however, produce pain
with the distribution of ureteric colic. The secondary hydro-ureter may predispose
to urinary infection or stone formation, and many cases present with the symptoms
of these disorders. A few are found during the investigation of enuresis, but their
relationship to that symptom is often questionable. A large ureterocele may
obstruct the outflow from the bladder, causing difficult micturition and even
retention. In the female, the ureterocele may prolapse per urethram and present
as a vulval swelling, which is pedicled and can be reduced under anaesthesia.

The diagnosis may be reached cystoscopically or radiologically : the appearance
through the cystoscope is unmistakable to the trained urologist and will only
cause difficulty if the ureterocele is so large that it fills the bladder and obscures
normal landmarks, or if it evaginates. The pyelographic appearance depends
upon the function of the corresponding renal element: when the kidney concen-
trates the dye normally, the ureterocele casts a dense rounded shadow surrounded
by a translucent halo within the bladder area (Fig. 40). When function is poor,
it will show as a circular filling defect.

Handbuch der Urologie, Bd. XV 4
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Endoscopic diathermy incision of the ureterocele wall is a suitable form of
treatment when ureteric dilatation is absent or slight. Where there is a compli-
cating hydro-ureter however, simple incision whether endoscopic or performed
through the open bladder will leave a gaping orifice which allows easy reflux, and
renal pain or infection may be as severe after the operation as before. Prevention
of this reflux may be achieved by reconstruction of a sub-mucosal channel of
normal calibre; by burying the lowest 2—3 cm. of ureter within the detrusor muscle

—Ureterocele

Fig. 40. Bilateral complete duplication of the ureters with ureterocele on the ureter from the upper pelvis on the
left side. Intravenous pyelogram in a child aged 2 years with recurrent urinary infection. Within the bladder
shadow, the ureterocele is shown by the area of increased density surrounded by a translucent halo

to make a long ““intra-mural”’’ course; or by a ‘““nipple reimplant” as described on
p-b4. With very advanced dilatation, however, none of these methods is
likely to be entirely successful and then a nephro-ureterectomy may be the best
treatment for the unilateral case. In double ureters, hemi-nephrectomy is often
valuable.

In ureteric prolapse there is no dilatation of the segment protruding into the
bladder: it resembles a flaccid and elongated nipple, contrasting with the balloon
like appearance of a ureterocele. In three of my cases this type of prolapse has
been associated with bilateral mega-ureter without bladder dysfunction, and in
none was there any true stenosis of the ureteric orifice. The prolapse could be
reduced by traction on the mobilized pelvic ureter, and in one case reduction was
maintained by fixation of the ureter within a detrusor tunnel, but no great
improvement followed this procedure. GREENFIELD has recorded a very large
prolapse in a young boy, who was also suffering from bladder obstruction: the
prolapsed portion was excised.
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X. Retrocaval ureter

In this rare anomaly, which results from an abnormal formation of the inferior
vena cava, the right ureter passes medially behind the cava, and then spirals
forwards to resume its usual course. In consequence of the pressure from the vein,
the upper ureter and renal pelvis become dilated, but symptoms are seldom
noticeable until adult life. Cases presenting in children have, however, been
reported by MARCEL, PARKS and CHASE, and CaMPOS; the condition must there-
fore be borne in mind in cases of right sided hydronephrosis. The diagnosis can
be established by retrograde pyelograms, which demonstrate the ureter running
towards the midline before turning downwards; if lateral views are obtained the
spiralling can also be appreciated. When the kidney is well preserved, a conser-
vative operation is worth while; the dilated renal pelvis should be cut across, the
ureter dissected free, drawn through into its normal position and the continuity
re-established.

C. Hydro-ureter and mega-ureter

The chronically dilated ureter constitutes one of the commonest and most
intractable problems of children’s urology. During recent years important new
information upon the subject has become available, yet our knowledge of the
normal and abnormal physiology of the ureters remains limited, and many forms
of pathological dilatation are still unexplained. The term hydro-ureter will be
used in this chapter for all forms of chronic dilatation, including those for
which a urethral obstruction is clearly responsible, while “mega-ureter” is re-
served for the clinical group in which no organic obstruction can be found, and
in which ureteric activity appears to follow a characteristic pattern. Secondary
hydro-ureter is described in many sections of this volume and will therefore only
be discussed in general terms; mega-ureter occurs in two well defined forms, the
simple mega-ureter and the mega-ureter-megacystis syndrome, but although
typical cases present no difficulty in diagnosis, others are not so easily classified
and it may be hard to distinguish the mild dilatation which accompanies infection
from the more permanent disorder of function.

1. Normal ureteric function

The physiology of the ureter is discussed in detail in Volume II of this series, but
certain specific features are relevant to the problem of the hydro-ureter.

The ureter is a muscular tube whose function is largely independent of the
nervous system. The frequency and amplitude of propulsive contractions vary
with the rate of urine flow, the pH of the urine, the pressure within the ureteric
lumen and other factors, but are little influenced by the sympathetic nervous
system (WHARTON) or by drugs acting upon the ganglia or neuro-muscular junctions
(LaripEs). Contractions are apparently initiated by a simple stretch reflex, and
though the renal pelvis usually acts as a pace maker, any part of the ureter may
respond to stretching by contraction. In transverse sections, the muscle layers
appear to be internal longitudinal, circular and external longitudinal, but in fact
the fibres are spiral (SCHNEIDER), and where the spiralling is tight the muscle
appears circular, where loose longitudinal. There are no intermuscular planes
containing ganglia as in the gut, in fact ganglion cells are very scanty, occur-
ring chiefly in the adventitia at the lower end.

4*
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The proportions of circular and longitudinal elements vary in the different
regions of the ureter, and it is possible to define upper, middle and lower
spindles which differ not only in their anatomical make-up but also in their
physiological reactions. In the upper spindle, particularly at the pelvi-ureteric
junction all layers tend to fuse and the spirals are interlaced: this spindle follows
the activity of the renal pelvis and conducts contraction waves downwards, it
seldom initiates a contraction. The middle spindle shows a dominance of tightly
wound spirals, almost circular, and is more readily distensible. In the foetus and
new born child it often appears sufficiently wide to suggest a pathological dilatation
(Fig. 1). When subjected to low pressures it will show a conducted contraction
akin to peristalsis, whereas with higher pressures it will fill and empty as a single
chamber (MURNAGHAN, Brca). The lower spindle is composed largely of longitudi-
nal elements, and a contraction will tend to shorten it as well as narrow its
calibre. Faced with a high intravesical pressure or obstruction at the uretero-
vesical junction it will continue to exhibit active contraction for a longer period
than the other segments, but as it becomes dilated contractions will no longer
obliterate the lumen and urine will pass back through the contraction ring to
fill the middle spindle.

I1. Radiography and other investigations

In the initial diagnosis and in judging the progress of a case of chronic ureteric
dilatation some standard method of investigation is required, for the calibre and
activity of the ureter vary greatly with the circumstances. The intravenous
pyelogram provides the most satisfactory method provided renal function re-
mains adequate, which is exceptional in the severe mega-ureter. The conditions
with regard to fluid intake must be reasonably standardized, however, and since
the injection of the contrast medium itself causes an osmotic diuresis and an
increased urine flow during the period of the investigation, films are only com-
parable when exposed at the same interval after injection. (Fig. 139 demonstrates
in an extreme case the difference in ureteric calibre consequent upon altering
urine flow.) Cine films taken during intravenous pyelography provide the most
valuable evidence of function as well as form under physiological conditions, but
even with the image intensifier very good renal function is required to give ade-
quate contrast.

In retrograde pyelography the presence of the catheter and the sudden
injection of fluid stimulate ureteric contraction, so that in most cases of mega-
ureter, the retrograde pyelograms will show a narrower ureter than the intra-
venous series.

Cystograms frequently outline the ureters by vesico-ureteral reflux, and the
force of the reflux during micturition may produce an enormous distension of the
ureter, which appears grossly dilated even though the intravenous pyelograms
show it to be of normal calibre (Figs. 46 and 47). To obtain a true picture there-
fore of the progress of ureteric disease, it is vital to avoid comparison of cysto-
grams with intravenous pyelograms; moreover individual cystograms cannot be
compared with one another since the degree of dilatation depends upon the volume
of the distending fluid and the force of bladder contraction. Cine reflux uretero-
grams when obtainable give a good contrast and are valuable for ascertaining
the functional activity of the ureter (EDWARDS).

Pressure recordings taken through a ureteric catheter were extensively employed
by TRATTNER and by Jona in studying the normal ureteric physiology and have
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been used by SWENSON in the diagnosis of mega-ureter. In the dilated ureter,
however, they give a very incomplete picture of the functional state.

Electro-ureterography (HANLEY) records differences in electrical potential
resulting from ureteric activity, but as ordinarily employed, using electrodes on
a ureteric catheter, the record is one of movement of the ureter over the electrode,
rather than of true electro-myographic changes.

Ureteric activity may be observed by the surgeon during operation, and, when
the ureteric orifices gapes widely, by endoscopy, the urethroscope being
introduced into the ureteric lumen. Such unstandardized and unrecordable
observations make unsatisfactory scientific evidence, but are apt to impress the
practising urologist more than graphs and pressure records.

II1. Vesico-ureteric reflux

The normal ureter is protected against the full force of bladder contraction
by the valvular mechanism of the uretero-vesical junction. No sphincteric
muscle has been found to guard this junction, and the intramural ureter is surroun-
ded only by longitudinal muscle fibres, lying chiefly upon the posterior and lateral
aspect. It is the obliquity with which the ureter passes through the vesical
musculature that is responsible for the valvular action, and the greater the dis-
tension of the bladder the more firmly is the valve closed. The valve is least
effective towards the end of active contraction of the bladder, and it is at this
time that reflux is most likely to occur. The intramural ureter is straightened out
by the contraction of the surrounding longitudinal muscle during the ureteric
efflux, and if this occurs during micturition reflux is inevitable.

Reflux is more easily obtainable in the experimental animal than in man,
owing perhaps to the unusual length of the human intramural ureter (PRATHER).
GrAVEs and DAVIDOFF have given a full description of the phenomenon in the
rabbit, in which it can usually be produced by simple bladder distension: they
emphasize that the regurgitation occurred as the ureteric orifice opened with the
ureteric peristaltic wave, that fresh waves might push back the regurgitated
fluid, and that anti-peristalsis played no part in the process. To obtain reflux
regularly in dogs, it is necessary to perform a very extensive meatotomy, opening
up the whole length of the intra-mural ureter; local denervation of the ureter is
without effect (BARKSDALE and BAKER) though of course the neurogenic bladder
is very liable to reflux. AUER and SEAGER demonstrated that rendering the
tissues around the ureteric orifice oedematous and rigid by the injection of
magnesium sulphate greatly facilitated the production of reflux, and doubtless
the same effect is operative in inflammatory lesions.

Reflux is found in a great many conditions in childhood and a general assess-
ment of its significance is hard to give. If micturating cystograms are performed
in a large number of cases of enuresis or recurrent urinary infection without
pyelographic signs of abnormality, reflux will be found in a small proportion,
though it is hard to be sure whether it has any pathological significance. If the
film is taken at the height of bladder contraction the ureter will certainly appear
dilated, but without cine radiology it cannot be said whether this dilatation is
momentary or lasting. It is conceivable that reflux is responsible for rendering the
urinary tract liable to recurrent infection, but unless the ureter is large enough
to produce a false residual urine it seems unlikely to be responsible for enuresis;
it appears therefore that a small reflux may occur in the normal child.

Urinary infection and cystitis undoubtedly predispose to reflux, partly because
of the frequency and force of bladder contractions and partly because of the
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rigidity of the ureteric orifice. The contracted tuberculous bladder provides an
extreme example of this type, when reflux may involve the non-tuberculous
ureter. Reflux is common in the neurogenic bladder, particularly in the hyper-
trophied type with urinary infection. Long standing urethral obstructions also
exhibit reflux in many cases, particularly when the first investigation is done
immediately after decompression of the bladder. A ureter opening into a vesical
diverticulum usually allows reflux, which may occur at the time when the urine
is returning from the diverticulum to the bladder. Urethral ectopic ureters may
fill on micturition, and if a ureterocele has been excised gross reflux is almost in-
variable. As described later in this section, free reflux is characteristic of the
mega-ureter-megacystis syndrome, and may be demonstrated occasionally in the
simple mega-ureter, especially if late films are taken (Fig. 132).

Attention has been focussed in recent years upon operations which prevent
reflux, and much ingenuity has been displayed in the invention of new techniques.
It must first be enquired, however, whether reflux itself is dangerous. VER-
MOOTEN and NEUSWANGER, working on experimental reflux in dogs, found that
ureteric dilatation resulted only when the urine was infected. A slight regurgitation
found in the occasional enuretic appears to do very little harm, and some of my
cases of mega-ureter-megacystis, in which there is free reflux from a large capacity
bladder, have been observed for eight years without evident deterioration of
renal function or increase of ureteric dilatation. On the other hand, the simple
mega-ureter reimplanted into the bladder in such a way as to allow reflux often
deteriorates rapidly if there is a urinary infection. Reflux in the urethral obstruc-
tions and neurogenic bladders is usually associated with advanced renal damage.
It appears therefore that the dangers of reflux are associated with complicating
infection and abnormal bladder function, but since these two factors cannot
always be avoided, reflux should be prevented if possible.

Operations designed to prevent reflux may leave the ureter intact, but aim
at prolonging its intramural portion by bringing it within the detrusor layer
(HurcH). There is some danger in these that the addition of an obstructive factor
will be at least as damaging to the kidney as the persistence of reflux. Other
procedures are appropriate for the re-implanted ureter, the most successful being
the nipple or cuff type of operation, in which the lower extremity of the ureter is
turned back upon itself and sutured to the bladder wall so as to maintain the
projecting nipple (see GrEY et al.). This type of operation is undoubtedly suc-
cessful in preventing reflux in the early post-operative stage, and should be
employed whenever it is necessary to reimplant a dilated ureter. Follow-up in-
vestigations performed a year post-operatively sometimes show that the nipple has
disappeared, however, and that the reflux is present as in Fig. 47, and it does
not seem that any permanent solution to this problem has yet been achieved.

IV. Hydro-ureter in bladder disorders

In a series of 2,924 post-mortems on children, some type of ureteric dilatation
was found in 103, and of these 42 were due to urethral obstructions, usually
valves (WiLL1aMS). Neurogenic bladder due to spinal cord anomalies, obstructive
tumours, and inflammatory lesions accounted for a high proportion and only
10 cases could be placed in the mega-ureter group. In a clinical series the mega-
ureters would be much more common, but these post-mortem statistics emphasize
the importance of lower urinary obstruction as a cause of ureteric dilatation,
and certain general observations as to the type of dilatation are relevant.
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Whereas in the adult obstructions hydronephrosis may be more noticeable
than hydro-ureter, in the infant the situation is reversed: any obstruction having
its origin in foetal life causes a gross dilatation of the ureter, leaving the renal
pelvis comparatively small, and at this stage the volume of the distended ureter
is often greater than the volume of the bladder. Obstructions commencing in
childhood produce an ap-
pearance intermediate bet-
ween the infantile and adult
pattern. In the mild cases
it is possible to demonstrate
that the lower end of the
ureter becomes dilated first,
and it cannot be claimed
that hydro-ureter without
hydronephrosis necessarily
indicates an intrinsic disease.
A ureter which is dilated
must also be elongated, and
since the two extremities
are fixed, elongation involves
kinking. In severe cases the
kinking is extreme and dense
adventitia surrounds the ure-
ter perpetuating the kinks,
which in a few cases may
lead to secondary obstruc-
tion. Cine radiology de-
monstrates, however, the
remarkable ease with which
urine negotiates these tor-
tuous channels, and the pla-
stic operations which have
been advocated for them
(e. g. Hinmax) should be
reserved for the exceptional
case. More serious is the ob-
struction which takes place

Fig. 41. Hydro-ureter due to ‘‘bladder neck obstruction.”” Intra-

in the lower end of the ureter venous pyelogram in a boy aged 9 years investigated for abdominal
which always narrows down  bain. Micturition appeared normal, and there was no significant

. . residual urine, but the bladder was heavily trabeculated. The bladder
to a normal calibre as it neck musculature was hypertrophied. Trans-urethral resection
passes throu gh the h yper- performed. Slight improvement in ureteric dilatation followed
trophied vesical musculature ;
once the bladder has been allowed to collapse around an indwelling catheter,
the dilated ureter may become acutely obstructed and form a palpable ab-
dominal swelling.

The obstructed ureter is hypertrophied and actively contractile in the early
stages; gradually it fails, however, becoming incapable of propulsive contractions
and possessing only slight elasticity: the hypertrophied muscle is partly replaced
by fibrous tissue. Unless there is some additional abnormality, such as a diverti-
culum, reflux seldom takes place in the early stage but it is characteristic of the
advanced case in which cine radiology reveals an almost or completely immobile
ureter. Reflux is often unilateral, and the affected kidney is then much more
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seriously damaged than its fellow; such asymmetrical hydro-ureter is a common
finding in congenital urethral obstructions and neurogenic bladders.

A ureter which has become grossly hypertrophied can never return to an
entirely normal calibre, and one which has reached the stage of immobility cannot
recover at all. Considerable improvement in ureteric dilatation in cases of lower
urinary obstruction can only be anticipated therefore when there has been
an acute exacerbation immediately prior to the first investigation, and there
should be great reluctance to make a double diagnosis of bladder neck obstruction
and mega-ureter (BorPE and MARCEL). We have found no evidence to suggest
that a lesion comparable to urethral fibro-elastosis, the pathological basis of the
so-called bladder neck obstruction, can affect the lower end of the ureter. From
the diagnostic angle it must be noted that bladder neck obstruction occasionally
causes hydro-ureter without bladder distension (Fig. 41).

V. Hydro-ureter in other reno-ureteral abnormalities

The dilatation which complicates the double ureter, the ectopic ureter, and
the ureterocele, has been discussed in the previous section. From the physiological
viewpoint these ureters behave as if there were an obstruction at the lower end
(MurNAGHAN), they are hypertrophied and show normal propulsive contractions at
first, but later inflammatory lesions and fibrosis occur and they become immobile.
Often the termination of such a ureter is stenosed, but some are wide and it must
be assumed that their abnormal position leads to inefficient emptying. In some
duplications with dilatation it is found that the contralateral single ureter is
also dilated, and in these an inflammatory cause is often suspected. Occasionally
there is a saccular dilatation of the ureter (WiTHyYcoMBE) for which a local con-
genital defect of the ureter wall must be suspected.

A dysplastic kidney, usually infected, is often drained by a slightly dilated
ureter displaying more severe kinking than would be expected from the degree
of dilatation. Fibrous replacement of the ureteric muscle is evident, and it may
be that a developmental disorder is responsible for both renal and ureteric ab-
normalities. Extremely tortuous ureters, in which the normal spiral arrangement
of muscle and blood vessels is unusually evident, are sometimes described under
the term ‘‘torsion of the ureter”” (BERRY) though no explanation is given of the
manner in which such an anomaly could arise. Hypoplasia of the ureter and
intrinsic valves are discussed on p. 34.

Uretero-vesical stricture is thought by some to be very common (e.g. Camp-
BELL) by others to be very rare (e.g. PooLE-WILSON), the criteria for diagnosis
being hard to define. All dilated ureters narrow down in the intramural segment
and it is difficult to be sure whether the narrowing is sufficient to constitute a
stricture. CAMPBELL states that a stricture may be diagnosed when the ureteric
orifice cannot be catheterized or when it grips a 3F catheter in the new born, a
4F at four years, or a 5F at eight years. In my experience, however, a ureter which
shows no sign of dilatation will sometimes grip such a catheter, while in almost
all mega-ureters the ureteric orifice can be passed, although the catheter some-
times kinks and is held up above this point. In the exceptional case, the ureter
cannot be catheterized cystoscopically or at operation, and examination of the
resected specimen shows that the lumen will admit only a fine bristle, yet the
dilated ureter in such cases resembles in every other way the simple mega-ureter
of severe degree. CAMPBELL had advocated intermittent cystoscopic ureteric
dilatation for cases of stricture and illustrates improvements in the pyelograms
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following this procedure, but warns of the great danger of introducing infection
in such a case.

The ureter from a solitary kidney frequently exhibits a chronic dilatation and
is liable to recurrent infection. The pathology of these cases is obscure and treat-
ment must follow the line suggested for mega-ureter.

Congenital extrinsic obstructions due to blood vessels running from the internal
iliac artery to the bladder have been described chiefly in adults (GREENE), but
I have encountered one undoubted case in a child. The difficulty here is to
distinguish, at an operation which inevitably demands some dissection, the
extrinsic obstructions from cases in which the ureter has an unexplained supra-
vesical narrow segment, and which seem to fall into the category of simple mega-
ureter. PRATHER has suggested that an ectopic testis may obstruct the ureter
but there has been little confirmation of this view.

VI. Infections

Tt is generally conceded that urinary infection and ureteric inflammation may
cause a slight ureteric dilatation, akin perhaps to the ileus seen in acute peri-
tonitis. Slight dilatation affecting predominantly the lumbar spindle is quite
commonly observed in pyelograms performed during an acute urinary infection;
it is not a complete paralysis, for in retrograde pyelograms the stimulation of the
injection results in a normal contraction wave. Dilatation of the lumbar ureter
is commonly seen below an infected staghorn calculus (Fig. 106).

It has already been noted that urinary infection predisposes to ureteric
reflux, and whether infection alone can be responsible for the transient dilatation
of the whole length of the ureter sometimes observed in girls is an unsolved pro-
blem. I have described (WILL1AMS) five cases in which a mild cystitis, without
any bladder contraction, was accompanied by moderate hydro-ureter and reflux
in the early stages: chemotherapy alone lead to recovery and later investigation
showed normal ureters and no reflux. HEYmaN and MARTIN have illustrated an
even more remarkable case of the same type, in which the initial dilatation could
be described as gross. MARCEL describes similar cases but emphasizes the large
capacity of the bladder, and it may be that this observation indicates that they
should be included as mild examples of the mega-ureter-megacystis syndrome.

Whether infection alone can ever be responsible for serious ureteric dilatation
or not, it is always a factor which must be borne in mind: it is the complicating
pyelonephritis rather than the back pressure effect which is responsible for the
deterioration of renal function in serious cases of mega-ureter.

VII. The mega-ureter-megacystis syndrome

It has long been recognized that in some bilateral mega-ureter cases, the
ureteric orifices gape widely and the bladder is of large capacity (SARGENT,
GREVILLIUS, GROGLER, SCHMUTTE, EISENSTAEDT, LEPOUTRE) but in recent years
it has been possible to follow out the natural history of such cases and to define
a syndrome to which a purely descriptive title, the mega-ureter-megacystis
syndrome, may be applied (WiLL1ams). It is equally common in boys and girls,
though it is more difficult to distinguish from bladder neck obstruction in boys.

1. Pathology

Both ureters are grossly dilated with hypertrophied muscle. They are kinked,
and narrow at the lower end where they pass through the detrusor although the
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ureteric orifice appears wide endoscopically. The bladder is large and its wall
slightly thickened. No satisfactory explanation of the aetiology of this condition
has yet appeared. It has naturally been suggested that an obstruction at the
bladder neck or a neurological lesion might be responsible, but a study of the
natural history at once demonstrates that these cases do not behave like the
lower urinary obstructions or like the neurogenic bladders due to congenital
spinal cord lesions. The hypothesis that an overgrowth or gigantism (Exze(-
bildung) might be responsible has received some support (e.g. GROGLER, IRVIN
and Kraus) but it is difficult to reconcile with the failure of function which
occurs in some. SWENsSON et al. have claimed that the condition is due to a
diminution of the number of ganglion cells in the bladder and that it is analogous
to Hirschsprung’s disease. WYLLIE, reporting 152 cases of the bowel disorder
operated upon at the Hospital for Sick Children found no case of significant
ureteric dilatation, while in two classical instances of the mega-ureter-megacystis
syndrome which I had personally investigated, and which later came to post-
mortem, LEIBOVITZ undertook an accurate ganglion count and found no diminu-
tion whatever. Any satisfactory hypothesis put forward to explain this condition
must take account both of the bladder and ureter abnormalities, for simple
reflux can scarcely account for the unusual type of ureteric activity observed
on cine radiology.

2. Clinical, radiological and endoscopic findings

The disorder most frequently presents itself as a cause of chronic or recurrent
urinary infection, and may appear at any stage of childhood. A few neonatal
cases (Fig. 42) are discovered because of palpable distension of the bladder, but
usually recover normal micturition, and the element of retention does not appear
again until later childhood. Transient acute retention, particularly in the male,
during infection or following instrumentation is characteristic, but except in these
circumstances difficult micturition and incontinence are uncommon even when
enormous bladder distension is palpable. Signs of renal failure appear after some
years, perhaps in adolescence or early adult life, in those whose infection cannot
be brought under control. Sterile cases may persist unchanged for very many years,
and some are only discovered in adult life. Deterioration is sometimes due to
chronic pyelonephritis without increase in ureteric dilatation, but in others there
is a slow progression towards a retention phase.

Ureteric dilatation is a constant finding and normally involves the whole
length of the ureter, often with the renal pelvis. Reflux is almost invariably
present on micturition, and usually occurs freely on simple filling of the bladder
(Fig. 43), though it may be unilateral. Characteristically the ureteric orifices
gape widely, presenting a black hole on ordinary cystoscopy, though distinguished
from the openings of diverticula by their obliquity. (Béance congenitale, MARION).
The orifices may appear normal in mild cases, though when a catheter is passed
through them they are evidently flabby and relaxed. A urethroscope can usually
be introduced into the ureter and its activity observed; cine radiology showing
the ureter by reflux also demonstrates the motility. In contrast with the late
hydro-ureter seen in lower urinary obstruction, active and powerful contrac-
tions are seen in the mega-ureter despite its enormous dilatation. These con-
tractions do not always obliterate the lumen, and are not therefore very useful:
at times retrograde peristalsis is seen to assist the process of reflux, so that fluid
is actively propelled up from the bladder to the kidneys (EDWARDS) in a manner
not observed in other conditions.
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The bladder is of large capacity quite apart from the fact that a proportion
of the fluid injected flows up the ureter. In a child of 6—8 years of age a capacity
of 600—1000 ml as measured on cystometry is not uncommon. In children under
3 years accurate assessment is difficult but the increased capacity is evident on
cystoscopy to any experienced observer. SWENSON and his co-workers have
contributed a number of papers on this subject and fully emphasize the value
of cystometry, but do not
make any clear distinction
between the megacystis
and the distended bladder
of urethral fibro-elastosis
and other lower urinary ob-
structions. LEIBOVITZ and
O’DoNNELL discuss this
aspect, and demonstrate
that the obstructed bladder
has a capacity intermediate
between the normal and the
megacystis. In the mega-
cystis case, the pressure in
the bladder in the upper
part of the volume range is
considerably above normal,
a feature which SWENsoN
suggests must be respon-
sible for back pressure da-
mage. There is often a
history that these children
hold their urine for very
long periods, perhaps all
day, and then pass large
quantities. Afterwards a
second or even a third mic-
turition will still produce
a considerable volume of

urine. By cine radiology it Fig. 42. Megaureter-megacystis syndrome. Expression cystogram in a
boy aged 4 months. Shortly after birth, bladder distension had been
can be demonstrated tha't noticed: thereafter there were no abnorr’nal signs or symptoms. The
1 i 1 bladder was of large capacity but normal on cystoscopy. Two years
desplte their s1ze, these later, the ureteric orifices had become widely dilated
bladders are capable of a

powerful contraction which

completely obliterates the lumen, and this ability is only lost in advanced cases
and during transient acute retention. The contraction is not effective in
emptying the urinary tract, however, because a high proportion of the urine
flows back and distends the ureter, from which it will return as the bladder
relaxes. A second, third or fourth micturition may be necessary to complete
elimination of the contrast medium.

Cystoscopically the bladder, apart from the ureteric orifices, appears normal,
and the bladder neck shows no prominence. In advanced cases, especially
in boys, mild trabeculation may appear, having usually the form of a few
strong bands widely spread out, and sacculation does not occur. The urethra
is normal.
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3. Diagnosis

The presence of bilateral ureteric dilatation is easily established. The distinction
from simple mega-ureter is made from the free reflux on cystography, from the
gaping character of the ureteric orifices, and from the increased capacity of
the bladder as revealed
by cystometry.

In cases which have en-
tered the retention phase,
the distinction from blad-
der neck obstruction is
made from the gaping
ureteric orifices, and from
the observation of the
characteristic slow but
powerful ureteric con-
tractions, from the ab-
sence or mildness of tra-
beculation, from the high
capacity of the bladder
revealed from cystometry,
and from the absence of
fibro-elastosis in biopsy
of the anterior urethral
wall (p. 74).

4. Management

Most examples of the
mega - ureter - megacystis
syndrome are adequately
controlled by conservative
treatment. The urine
must be sterilized by

drugs, and if recurrent

Fig. 43. Megaureter-megacystis syndrome in retention phase. Cystogram 3 3 .
in a boy aged 6 years, who was found to have a distended bladder on infection oceurs, contin
routine examination. No difficulty in lmicturition and no intcontinence. uous chemotherapy may
Cystometry showed a bladder of very large capacity: on cystoscopy the . .

bladder was trabeculated. At operation the bladder neck felt tight: an b€ required. The urinary

anterior Y-V plasty was performed. Biopsy showed no evidence of L
urethral fibroelastosis. After operation he emptied his bladder completely tract must be efflcwnt'ly

by double micturition emptied so that the intra-

vesical pressure is never

high: a regime of double or triple micturition, the second and third acts

being performed 5—10 minutes after the first is usually effective, and urine

should never be held more than 3 hours by day. Most children will co-operate

with this regime if it is sympathetically explained to them, though the younger

ones will naturally need many reminders. In ordinary circumstances the ureteric

dilatation will not increase during treatment and no operation designed to prevent
reflux is desirable.

Attacks of acute retention will subside spontaneously after a period of bladder
drainage, but when a residual urine remains, despite double micturition, some
attempt should be made to facilitate bladder emptying. SweNsox at first ad-
vocated a supra-pubic cystostomy, and though this does ensure effective drainage,




Clinical, radiological and endoscopic features 61

it also maintains a chronic infection and is disagreeable to the child. He later
employed bladder neck resection, but my own preference is for an anterior Y—V
plasty on the bladder neck, and this followed by a double micturition regime has
been effective in several cases.

Operations designed to reduce the calibre of the ureter by resection of long
strips, combined with a procedure to prevent reflux have been advocated by
BiscuoFrF, and probably have a place when the actual size of the ureter is pre-
venting sterilization of the urine. Sympathectomy has been performed in a case
of this type by GrREvILLIUS, with doubtful justification.

VIIIL. Simple mega-ureter

In this condition ureteric dilatation may be unilateral or bilateral, and the
bladder is normal in capacity and function. It occurs in both sexes but commonly
presents later in life than the mega-ureter-megacystis syndrome.

1. Pathology

The dilated ureter possesses hypertrophied muscle, with fibrous tissue
replacement and sub-mucosal thickening when chronic infection has been present.
Elongation and kinking is usual, and the lower end forms a bulb-like dilatation
pushed down a little below the level of the intramural ureter, which is of normal
calibre. This final kink often produces a valve-like effect which arrests bougies
pushed down from above (EVERIDGE) though it is doubtful whether it is respon-
sible for the obstruction to urine flow. In certain cases the narrowing occurs a
short distance above the bladder, producing a supravesical segment of normal
calibre for which no extrinsic cause can be found. In three of my cases with
bilateral simple mega-ureter, such a supravesical narrow segment was present on
one side but not on the other, and it therefore appears likely that the same patho-
logy will be found for both forms.

MURNAGHAN has shown in some of my cases that the circular element in the
musculature extends abnormally far down into the intramural portion. He has
also been able to demonstrate in the excised and isolated organ that contractions
are initiated in this lower segment instead of from above. He believes that this
abnormal muscular pattern and consequent functional derangement must be
responsible for the dilatation.

Many other hypotheses have been put forward to explain the dilatation in the
simple mega-ureter. Achalasia (HEPLER) is hardly an explanation but postulates
an unknown neuromuscular disorder at the lower extremity of the ureter. Per-
sistence of foetal dilatation seems unlikely, and the foetal ureter shows characte-
ristically greater distensibility in the lumbar region, which does not accord with
the bulb-like dilatation of the lower third usual in simple mega-ureter. Dilatation
due to the persistence beyond its normal period of Chwalle’s membrane (VER-
MOOTEN) can scarcely be proved or disproved. In general the simple mega-
ureter behaves as though it were mildly obstructed, and the cases of definite
uretero-vesical stricture are similar, but MURNAGHAN’S work as well as SWENSON’S
(see below) suggests that abnormality of function is the basis.

2. Clinical, radiological and endoscopic features

Once again, a recurrent urinary infection is the most common mode of presen-
tation, but abdominal pain, haematuria, and rarely renal swelling may bring the
child to hospital. Pain is seldom as severe as in hydronephrosis due to pelvi-
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ureteric obstruction, and it is less
well localized. Haematuria may
be due to complicating stones,
which are relatively common, or
to infection, but is sometimes un-
explained. A few examples are
discovered by the routine investi-
gation of enuresis, though unless
the urine is infected the mega-
ureter does not appear to have any
bearing on that symptom.
Pyelograms show dilatation of
the whole length of the ureter
(Figs. 44 and 46), often more mar-
ked in and sometimes confined to
the lower third (Fig. 45). The
intramural ureter is always of
normal calibre and occasionally a
supravesical narrow segment can
be defined (Fig. 48). Cine pyelo-
graphy in most cases shows an

Fig. 44. Unilateral simple megaureter. Retro-
grade pyelogram in a boy aged 3 months with
persistent pyuria and left sided abdominal
swelling. I.V.P. showed a normal right kidney,
but no secretion on the left side. Bladder
normal. Nephro-ureterectomy performed

Fig. 45 A and B. Simple megaureter. Intravenous pyelograms (20 minute films). A at age of 6 years, investigated
after a brief attack of haematuria, no stone found, and no other symptoms. B at age 11 years. No treatment
had been given and the boy had had no symptoms. Dilatation unchanged



Clinical, radiological and endoscopic features 63

actively contractile ureter which forces urine down into the dilated segment,
but the contraction waves do not completely obliterate the lumen, and the urine

A B

Fig. 46 A and B. Simple megaureter. Intravenous pyelograms (30 minute films) in a girl aged 7 years in-

vestigated for abdominal pain and frequency. A Pre-operative, showing well marked dilatation of the whole

length of the left ureter. B Post-operative, eighteen months after “‘nipple” re-implantation. In the early post-

operative period, the nipple prevented reflux and these films suggest that a useful improvement has been
effected, but a further cystogram (Fig. 47) shows free reflux into a distended ureter

floods back through the ring into the lumbar ureter. Working with pressure
tracings SWENSON has suggested that these ureters are aperistaltic or show
abnormal contractions; from cine radiology we find that only very advanced
cases lack mobility.

Complicating calculi are rounded, often multiple and freely mobile.
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Reflux is unusual but may occur on micturition, when a small amount of
bladder urine escapes back into the reservoir of urine in the dilated ureter, quite
a different phenomenon from the free ebb and flow of the mega-ureter-megacystis
syndrome.

Cystoscopy, cystography and cystometry show a normal bladder unless there
is an acute infection. The ureteric orifice is entirely normal, or appears to be
raised on a slight pyramidal elevation, sug-
gesting a prolapse rather than a ureterocele.
Ureteric catheters pass with ease as a rule,
but the differential diagnosis from congenital
uretero-vesical stricture presents some diffi-
culties (p. 56).

3. Management

In the majority of cases, simple mega-
ureter requires no treatment other than
chemotherapy for urinary infection, they
become symptom-free after sterilization and
have little tendency to progress (Fig. 45):
by contrast the results of operative treatment
leave much to be desired.

Surgical interference is indicated when
stones are present, when infection cannot
be controlled by chemotherapy, and when
the dilatation is increasing. When strictly
unilateral, the severely infected mega-ureter
is best treated by nephro-ureterectomy
(leaving as short a ureteric stump as pos-
sible), for although it cannot be stated cate-
gorially that the contralateral ureter will not
show dilatation later in life, this has not been
observed. Theoretically it might be desirable
to preserve all functioning renal tissue, but
in contrast to the plastic operations for pelvi-
ureteric obstruction, conservative surgery in
the mega-ureter does not give consistently
satisfactory results and infection may persist.

Fig. 47. Simple megaureter (same as Fig. 46). In the, bﬂ?’tera’! cases dema'n_dlng surgery
Cystogram showing reflux into the re-implan-  conservation is evidently essential, and pro-
ted ureter. This film was taken two days ided th . ill . .
before Fig. 46 B, and demonstrates the contrast ~ V1U4€ e ureter is st a’ctlvely contractlle,
between a ureter under conditions of active i1 " 3 1 3
reflux from a. contracting bladder and the eX(?lSIOIl of t,h N ure.tero vesmql ]un0t10n _and
same organ between acts of micturition re-implantation using the nipple technique
seems the best procedure. If necessary the
calibre of the ureter can be reduced by resection at the same time. Simple
end-to-side re-implants have often been followed by free reflux, infection and
rapid deterioration of the kidney, and though the nipple may not last it does
appear to prevent early deterioration. Extended ureteric meatotomy and side

to side anastomosis have seldom proved satisfactory.

When calculi are present in the simple mega-ureter, ureterolithotomy alone
is inadequate and a re-implant is usually desirable.
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Sympathectomy has little place in treatment, and operations designed to

support the ureter by burying it in the psoas muscle (CARLSON) seem doomed to
failure.

Fig. 48. Simple megaureter with supra-vesical narrow segment. Intravenous pyelogram in a boy aged 1 year,

suffering from abdominal pain. The film is taken obliquely to show the abrupt narrowing of the left ureter; the

right ureter was grossly dilated and the right kidney did not concentrate the dye. At operation no extrinsic cause
of left ureteric obstruction was found, and the right ureter was dilated down to the bladder wall

For the aperistaltic ureter SWENSON has advocated replacement by an ileal
loop. His technique includes a preliminary isolation and narrowing of the loop,
which is only substituted for the ureter at a second stage. He reports satisfactory
results from this method, though in my experience absence of peristalsis in the
simple mega-ureter is rare, and the chief cause of renal failure is a chronic pyelo-
nephritic process not necessarily influenced by ureteric replacement.

D. Congenital abnormalities of the lower urinary tract

I. Urachal anomalies

During early foetal life the bladder cavity extends up as far as the umbilical
stalk, later its apex narrows down to form the urachal canal, which at birth is
still connected with the umbilicus. Subsequently the bladder descends into
the pelvis, and the urachus which is not more than 5 cm in length (BEge) is
pulled away from its attachment to the umbilicus leaving only the fibrous
remnants of the umbilical arteries to connect the bladder to the umbilical region.
In consequence of these anatomical facts, the urachus must be severed in order
to mobilize the bladder when performing pelvic operations on the new born
infant, but not in the older children. Several forms of urachal anomaly may
present in childhood.

Handbuch der Urologie, Bd. XV 5
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1. Urinary fistula at the umbilicus
a) Pathology

In some cases the bladder fails to narrow down at its apex, and maintains its
attachment to its umbilicus, so that no true urachus is formed. There may thus
be a direct vesical fistula at the umbilicus which discharges urine from the time
of birth. In other examples, the urachal canal is formed, but remains patent,
constituting a small fistulous connection between the bladder and umbilicus.
This may be evident at birth, or may open up during the subsequent months,
particularly if an obstruction is present. Brga questioned whether this type of
fistula was truly urachal, believing that it arose from a pericystitis and tracking
of infection along the plane of least resistance, but in many reported cases, an
epithelialized canal has been present.

b) Clinical picture

The umbilical urinary fistula may be wide, and flat on the surface, or it may
be hidden within the depth of an inflamed and granulating umbilicus. An
associated umbilical hernia is not infrequent. There is little difficulty in diagnosis
if the discharge of urine is copious, but less severe examples must be distinguished
from persistent vitelline duct, from blind external urachal sinus and from umbilical
granuloma. In all these conditions there may be a little discharge of mucus, but
the introduction of a probe, or X-rays taken after injection of lipiodol should
settle the diagnosis.

Some small fistulae have a tendency to spontaneous closure, but the majority
persist until the surgical treatment is undertaken: in uncomplicated cases the
wetting may be only slight and many have been reported in which treatment was
not sought until childhood was past. In some there is, however, a congenital
lower urinary tract obstruction, and although the fistula constitutes some sort
of safety valve, it is likely that renal damage is already advanced at the time of

birth.
¢) Treatment

The state of the urethra and bladder neck must first be determined by radiology
or endoscopy: if no abnormality is found, the fistulous track should be excised,
and the apex of the bladder closed. Uncomplicated cases have an excellent progno-
sis. A few examples have responded to simple cauterization (see reviews by
DucrLoux and Bronpin, Hrrsst) but the surgical procedure seems more
reliable.

2. Urachal cysts

The urachal canal is obliterated at both ends, but remains patent in the middle
and accumulates fluid. The cysts may reach a considerable size, and the swelling
alone will then attract attention: abdominal pain is also a feature, and infection
is extremely likely to occur. Diagnosis may present some difficulty, though the
consequent deformity of the apex of the bladder as seen in a lateral cystogram
should give a clue. Complete excision by an extraperitoneal approach is the best
form of treatment.

3. Urachal diverticulum

An enlargement of the urachus which remains patent at the lower end leads
to the formation of urachal diverticulum. This may be an incidental finding at
cystoscopy, but several cases have been reported in childhood (CaMPBELL, LADD
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and Gross) in which a calculus has formed in this cavity, associated with pain and
urgent micturition.

4. Blind external fistula

A small sinus at the umbilicus may lead into a urachal canal which is closed
off from the bladder. Infection is likely, and the sinus should be excised or
destroyed by cautery.

II. Rare vesical malformations
1. Agenesis of the bladder

Complete absence of the bladder is very rare in the surviving child, and in
most reported cases it seems likely that a minute reservoir was present. In the
female cases which have been described, the ureters opened directly into the
vagina (MILLER) or into the uterus (IGNATESCU et al.); there was naturally dribb-
ling incontinence of urine, and rectal abnormalities were also common. Cutaneous
ureterostomy has been advocated as the only satisfactory treatment, though
doubtless an ileal loop would now be interposed. LEPOUTRE has reported an
example in the male: a boy of 4 months whose ureters opened into the rectum.

2. Duplications of the bladder

True double bladder is most uncommon, although there are a number of
malformations which, on superficial examination, suggest a duplication, parti-
cularly when an ectopic ureter or ectopic ureterocele forms a very dilated cavity.

The classification of the anomalies proposed by BURNS et al. is generally accep-
ted, and reference may be made to this work for a review of the literature.

a) Complete reduplication

Two separate organs are present, each fed by a ureter and drained by a
separate urethra: the penis may or may not be double. Function may be good
(NEsBIT and BROMME) and no treatment is then required, but in the case of
RavrircH and ScoTT one urethra was abnormal and required excision after anasto-
mosis of the bladders.

b) Incomplete reduplication

The bladder is bilobed, but the bladder neck and urethra single. Infective
complications are likely to be responsible for symptoms as in the case of Bois-
SONNAT, a boy of 4 years with epididymitis.

¢) Sagittal septum
The bladder is outwardly single but divided within. In the case of KoHLER
multiple septa were present, and rendered function impossible.

d) Frontal septum
A good description of this type is given by MEYER. LAUGHLIN et al. describe
a boy of 7 years presenting with incontinence and pyuria in whom a septum
was responsible for retention in one half of the bladder. Removal of the septum
is clearly required.

3. Hour-glass bladder

The bladder is partially divided by a ring-like constriction into upper and
lower compartments, but contracting bladder muscle is present in both, and the
condition must be distinguished from the bladder with a large apical diverticulum,

5%
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or with very great dilatation of the posterior urethra. ZELLERMAYER and CARLSON
have reviewed the reported cases, and although the condition is regarded as
congenital it has not been recorded in the young child. Nevertheless two personal
cases have been observed which appear to fall into this group. Both had unex-
plained residual urine, and a well marked waist-line in the bladder: neither was
satisfactorily relieved by bladder neck resection, and excision of the upper com-
partment in one led to a very persistent suprapubic fistula. The nature of this
disorder and its treatment are still uncertain.

4. Cysts of the trigone

Cysts arising beneath the trigonal mucosa and causing obstruction to the
outflow from the bladder have been described by MicuoN et al., and by Bois-
SONNAT and BOUTEAU, as well as a number of earlier writers. In some cases it

Fig. 49. Cyst of trigone. Post-mortem specimen from a girl dying at the age of 5 weeks with urinary obstruction
and infection. The child’s general condition never permitted a full investigation of her urinary tract, and her
only treatment consisted of bladder drainage, and opening of a left peri-nephric abscess. Specimen shows a hyper-
trophied bladder, and the only obstruction found was a serous cyst projecting up from the trigone

would appear that the cyst has been an ectopic ureterocele, but in others no
explanation of its origin can be given. The specimen illustrated in Fig. 49 is from
a female child dying as a result of urinary obstruction and infection; the cyst was
lined by simple flattened epithelium, and was filled with clear fluid.

In this case, the child’s general condition never allowed treatment of the
lesion, but clearly suprapubic excision or endoscopic destruction would have been
possible in more favourable circumstances.

5. Trigonal curtains

There are a number of cases on record in which a fold of mucous membrane,
projecting forward from the trigone, has formed a flap valve partially occluding
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the outlet of the bladder (CaMpBELL, KooK et al., LEARMONTH and WATKINS).
Both males and females have been affected and the lesion has caused a severe
degree of urinary obstruction. Usually the diagnosis was only made during ex-
ploratory operation, for the cystoscopic appearance is extremely confusing : excision
of the curtain leads to partial or complete relief. Poore-WiLsox has recorded
a case in which two valvular folds were attached anteriorly <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>