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Foreword

Volume XV “Urology in Childhood” was written in 1956/57 and was the
first in the series of the Encyclopedia of Urology to appear. This present volume
has been constructed as a supplement and the original intention was to deal only
with those subjects in which there have been significant advances during the
intervening sixteen years. As the work has proceeded, however, it has become
evident that there is no aspect of paediatric urology which has not been developed,
and no topic which has not been illuminated by many contributions to the
literature. Indeed, there has been such a copious flow of publications devoted to
children’s urinary tract disease that a full review is no longer possible within
the compass of a volume of this size: the decision as to what should be left out
has therefore been a matter of the greatest difficulty. The choice has been inevit-
ably arbitrary and many omissions are regretted. The attempt has been made,
however, to report the most notable developments of the subject, and perhaps
the greatest change in the practice of paediatric urology has been the full integra-
tion with paediatric nephrology. The team approach to infant disease in particular
has led to greatly improved results. I have been fortunate to have Dr. T. M.
BArrATT associated with me in my urological unit, and I have therefore invited
him to contribute rather extensively to this volume on aspects of nephrology
which are now essential equipment for the paediatric urologist. Also on the
medical side the endocrine problems associated with adrenal cortical hyperplasia
are now a matter for a specialist, and I have therefore included a valuable chapter
on this subject by Dr. G. H. NEwNs, paediatrician and endocrinologist at The
Hospital for Sick Children. The study of chromosome anomalies is now a specialty
in itself and could easily have occupied the whole volume, but the relevant data
have been ably summarised by Professor PorLant and Dr. SiNGER. The neuro-
pathic bladder associated with myelomeningocele requires treatment integrated
with the total management of these disabled children, and I have therefore invited
Mr. H. B. EcESTEIN, a paediatric surgeon particularly concerned with this sub-
ject, to contribute a chapter. In the discussion of neoplastic disease I am grateful
to Dr. J. Bonp, Tumour Research Fellow at The Hospital for Sick Children, for
her assistance in indicating the place of radiotherapy and chemotherapy.

The purely urological subjects have remained my personal responsibility, and
inevitably the selection of topics reflects my own particular interests. As before
no attempt has been made to describe operative techniques, though in some
cases I have included a brief discussion on the choice of available procedures
for particular circumstances. In each chapter extensive references have been given,
including where possible review articles, but complete coverage of the literature
is now only obtainable by computer and I believe that a statement of personal
views based on the experience of a large paediatric urological unit is of equal
value.

I would like to acknowledge my indebtedness to many of my colleagues,

particularly on the radiological side, for their assistance, to my registrars for
helping in the clinical work and for reading through the drafts of many chapters.



VI Foreword

The illustrations are from many sources, but most in my section have been
produced by the Department of Medical Illustration in the Institute of Urology,
and I am grateful to Miss F. M. WaDpswoRrTH, the artist, for her drawings, and to
Mr. R. E. BARTHOLEMEW, the photographer, for the reproductions.

Figures 64, 65, 67-75, 77-79 have been previously published in the British
Journal of Urology [44, 417-433 (1972)] and are reproduced by the kind permission
of the Editor.

Finally I would like to express my gratitude to my secretary for her indefatig-
able efficiency and to my wife for her forbearance with my preoccupation.

London, February, 1974 D. InnEs WILLIAMS
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A. The Nephrological Background to Urology
T. M. BARRATT

With 1 Figure

The ultimate goal of the urologist is the preservation of function of the kidneys.
In this chapter, some aspects of renal function and metabolism of children will be
considered which are relevant to the clinical practice of paediatric urology.

I. Development of Renal Function

1. Morphological and Biochemical Aspects

The formation of nephrons is essentially complete by the 36th week of gestat-
ion (PorTER and THIERSTEIN, 1943). The nephrogenic zone is in the outer cortex,
and the superficial cortical nephrons are the last to be formed. On the basis of the
DNA content WIpDOWSON et al. (1972) reported that the kidney of the full term
infant contains about 17 per cent of the adult number of cells; these cells are 70
per cent of the adult size. Net DNA synthesis stops at the age of six months, and
subsequent growth of the kidney is due to increase in cell size rather than cell
number. These events have been closely studied in the developing kidney of the
rat: the DNA complement is complete by six weeks of age (WINNICK and NOBLE,
1965). Interestingly, uninephrectomy before this age increases the DNA content
of the remaining kidney, whereas older rats respond by increase in cell size alone
with no change in cell number (KarP et al., 1971).

Microdissection studies (FETTERMAN et al., 1965) have shown that the mean
glomerular diameter in the neonate is approximately half that in the adult, whe-
reas the proximal tubule is only about 10 per cent of the adult length: the data
suggest that morphological development of the proximal tubule lags behind that
of the glomerulus.

On histological examination the neonatal glomerulus is characterised by a
prominence of cuboidal epithelial cells lining the glomerular basement membrane.
It is unlikely that they limit glomerular filtration rate (McCANCE, 1962) but they
may account for the limited permeability of the neonatal glomerulus for macro-
molecules (ARTURSON et al., 1971). The cells of the juxtaglomerular apparatus are
also prominent, and it has been suggested that they may cause some obstruction
to the flow of blood in the afferent arterioles (JAYERKA, 1961), and be responsible
for the high renal vascular resistance of early life.

2. Renal Function before Birth

The kidneys secrete urine from the third gestational month. In mid-term there
is little reabsorption of glomerular filtrate, and the urine flow rate is high (ALE-



2 The Nephrological Background to Urology

XANDER and NIxoN, 1961); towards term there is increased salt and water reab-
sorption so that the urine flow rate falls (McCance, 1972). The only known func-
tion of the foetal kidney is the maintenance of amniotic fluid volume. Renal
agenesis results in oligohydramnios and consequent intra-uterine compression
deformities (POTTER, 1946), whereas mothers of children with nephrogenic dia-
betes insipidus occasionally have excess amniotic fluid. The contribution of the
kidney to foetal homeostasis must be small, for infants with renal agenesis are
born with a normal concentration of blood urea; the human placenta is an effi-
cient kidney. Nothing is known of the endocrine functions of the kidney—the
synthesis and secretion of renin, erythropoietin and 1:25-dihydroxycholecal-
ciferol—during intra-uterine life.

3. The Neonatal Kidney

By adult standards, the glomerular filtration rate (GFR) is low in infants
(BARNETT, 1940; EDELMANN and SpiTzERr, 1969). This conclusion is reached
whether GFR is related to surface area or kidney size. As nephron formation is
complete before birth, GFR per nephron is clearly lower in the infant than the
adult. Glomerular surface area in the neonate is 25 per cent of the adult level
(FETTERMAN et al., 1965), yet GFR is only 5 per cent of the mature value.

Renal plasma flow measured by para-aminohippurate (PAH) clearance is also
low in the neonate (WEST et al., 1948), even allowing for the low extraction of
PAH (CaLcagyo and RUBIN, 1963). In the piglet, and probably also in the human,
there is a high renal vascular resistance at birth (GRUSKIN et al., 1970). It seems,
therefore, that the full anatomical potential for glomerular filtration is not realised
due to vascular restraints. It is also probable that the distribution of renal blood
flow is different in early life, with a greater fraction perfusing the juxtamedullary
nephrons (EDELMANN and BARNETT, 1972).

If glomerular function is poorly developed in the neonate, then proximal
tubular function appears even more immature, and the advantage, in teleological
terms, of restrained glomerular filtration is the prevention of overperfusion of
poorly developed reabsorption mechanisms. Thus, tubular maxima for both PAH
secretion (WEST et al., 1948) and glucose reabsorption (Tupvap, 1949) are low in
relation to GFR, the renal bicarbonate threshold is low (EDELMANN et al., 1967¢)
and there is decreased reabsorption of filtered aminoacids (BRODEHL and GEL-
LISSEN, 1968). During water loading the urine flow rate expressed per 1.73 m?
body surface area is less in infants than in adults (AMES, 1953), but the fraction of
glomerular filtrate excreted is increased, indicating diminished proximal reabsorpt-
ion of sodium and water; the diuretic response under these conditions is limited
by the low GFR.

The maximum urinary osmolality attained after water deprivation or admini-
stration of anti-diuretic hormone is less in infants than in adults; this, however,
is largely due to the low rate of urea excretion, for the concentration of non-urea
solute is similar (EDELMANN et al., 1966), and the apparent defect is less on a high
protein diet (EDELMANN et al., 1960).

Normal infants have, by adult standards, a mild metabolic acidosis due to a
reduced bicarbonate threshold (EDELMANN et al., 1967¢). After the first few days
of life, the ability to acidify the urine is normal (HatEm1 and McCance, 1961 ;
EpELMANN et al., 1967b), but the excretion of titratable acidity is low due to low
phosphate excretion, and ammonia excretion is reduced in proportion to GFR.
Therefore “the infant excretes hydrogen ion during health at a rate close to maxi-
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mum. During acidosis only a modest increase in acid excretion is observed, result-
ing in rapid development and persistence of acidaemia in response to only a small
additional load of hydrogen ion” (EDELMANN and SPITZER, 1969).

Ninety-two per cent of healthy infants pass urine in the first 24 hours of life,
and 99 per cent have micturated by 48 hours (SHERRY and KRAMER, 1955). After
this stage, the urine flow rate rapidly rises to about 100 ml/kg body weight/day.

4, Maturation of Renal Function

After birth, renal function develops rapidly, and, on a surface area basis,
reaches mature levels by the age of 2 years. From a study of premature infants,
BARNETT et al. (1948) concluded that it was the duration of extrauterine life rather
than body size which was the principal determinant of the development of renal
function in early life. There is some evidence that both glomerular and tubular
functions are increased in infants fed high protein diets (CarcaeNo and Lowe,
1963 ; EDELMANN and WoLFISH, 1968), but the effect has only been demonstrated
in prematures.

I1. Metabolic Aspects of Young Children

1. Body Size

Certain considerations arise when comparing the effects of impairment of renal
function in individuals of different body size. The surface area/weight ratio, which
is inversely proportional to height, is approximately 3 times greater in the neonate
than in the adult. Some parameters of physiological importance correlate (not
necessarily in a causal manner) in healthy individuals with body surface area,
others with body weight. Amongst the former are basal metabolic rate, GFR, and
the dietary intakes of protein and water, whereas total body water and muscle
mass (hence creatinine production) are weight-related (BArraTT, 1973). In as far
as many metabolic processes are related to surface area, there is perhaps some
justification for the rather arbitrary convention for referring GFR estimates in
pathological circumstances to that standard, for equivalent reductions in GFR
thus corrected in individuals of different size result in a similar threat to homeo-
stasis. For example, the rate of urea excretion in infants on cow’s milk and in
older children is approximately proportional to surface area, in turn related to the
square of body height. Urea is distributed in the total body water, proportional to
weight, in turn related to the cube of body height. Hence urea excretion per
100 ml total body water, which is an estimate of the rate of rise of blood urea con-
centration should renal function cease, is inversely proportional to body height:
the evolution of the uraemic state is more rapid in small individuals.

2. Growth

The growing infant synthesises about 1 G protein per kg body weight per day
(Fomon and May, 1958; Fomon, 1961) and in doing so, incorporates water, phos-
phate, potassium and other substances into body tissues. Nitrogen retention for
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growth relieves the kidney of some of its excretory load; McCaNcE (1959) has
described growth as “‘the third kidney”’. An adequate calorie intake is essential,
however, for the protection by anabolism of nephrectomised puppies from the
development of uraemia, hyperkalaemia or hyperphosphataemia (McCaNCE, 1959).

3. Diet

A consideration of paramount importance in the metabolism of young children
with renal disease is the difference in composition of the diet of the infant re-
ceiving human breast milk or a cow’s milk formula (Table 1).

Table. 1. Representative dietary intakes and urinary excretion of infants receiving cow’s milk
and human breast milk, and of adults expressed per kg body weight per day

Infants Adults
Per kg body weight per day
Cow’s milk Human breast milk

Water (ml) 150 150 30
Sodium (mEq) 4 1 1
Potassium (mEq) 5 2 1
Chloride (mEq) 4 2 1
Calcium (mg) 200 50 15
Phosphorus (mg) 150 23 20
Magnesium (mg) 18 6 4
Protein (G) 5 2 1
Calories 100 100 40
aRenal solute load (mOsm) 33 13 7
bUrine osmolality (mOsm/1) 330 130 280
cNet Hydrogen ion excretion(mEq) 6 1 1

aCalculated from the formula of ZrecLER and Fomon (1971).

PAssuming a urine volume of 100 ml/kg body weight/day in the infant and 25 ml/kg body
weight/day in the adult.

¢From Fomox et al. (1959).

The standard intake of 150 ml/kg body weight/day of human breast milk pro-
vides a protein intake of 2 G/kg body weight/day, whereas cow’s milk provides
5 G/kg body weight/day. The intakes of sodium, potassium, calcium, chloride and
phosphorus are similarly substantially greater with cow’s milk. The aggravation
of uraemia, hyperkalaemia and hyperphosphataemia in infants with acute renal
failure by cow’s milk is obvious, but a more subtle and often more deleterious
effect is the renal water loss induced by the high solute load in infants with restric-
ted ability to concentrate the urine.

Solute excretion is determined by the diet, and can be approximately esti-
mated as follows (ZIEGLER and Fomow, 1971):

Solute load (mOsm) = 4 x dietary protein (G) + dietary Na (mEq) 4 dietary

K (mEq) + dietary Cl (mEq).

Fat and carbohydrate do not contribute to excreted solute, for they are enti-

rely metabolised to carbon dioxide and water. A typical solute excretion of the
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infant on cow’s milk is thus 33 mOsm/kg body weight/day, and on human breast
milk 13 mOsm/kg body weight/day. With conventional milk intakes of 150 ml/kg
body weight/day urine volume averages 100 ml/kg body weight/day, and the
osmolar concentration of the urine is therefore 330 mOsm/l in the cow’s-milk-fed
infant and 130 mOsm/1 in the breast-fed infant. An infant who is unable to con-
centrate his urine to 300 mOsm/] will necessarily be in negative water balance on
an intake of cow’s milk of 150 ml/kg body weight/day: he does not have effective
thirst control, and if the capacity to control the osmolality of the urine is impaired,
both limbs of the osmolar homeostatic mechanism are lost. For such an infant
cow’s milk is as sea-water for a shipwrecked sailor, and may cause dangerous
hyperosmolar states.

III. Body Fluids

1. Water and Electrolyte Physiology

a) Sodium and Water

Total body water (TBW) can be estimated by measuring the volume of distri-
bution of antipyrine or deuterium oxide. It amounts to 780 ml/kg body weight in
a full term infant, falling 'to 600 ml/kg body weight in the adult (FRI1s-HANSEN,
1961). Extracellular fluid (ECF) is more difficult to define with precision: it is
usually estimated as the volume of distribution of a small anion such as bromide
or sulphate whose intracellular concentration is taken to be negligible. The bro-
mide space is about 46 per cent of TBW in infants, and 40 per cent in adults
(CuEEK, 1961).

The distribution of water between intracellular and extracellular phases is
determined by osmotic forces. Sodium and its attendant anion are the principal
determinants of extracellular fluid osmolality. Therefore, in states of salt and
water (saline) depletion, it is principally ECF volume which is diminished, result-
ing in circulatory collapse, whereas with pure water depletion it is the intracell-
ular phase that is contracted and the organ principally affected is the brain.
Conversely with pure water excess intracellular volume is expanded, causing the
syndrome of water intoxication, whereas saline excess expands ECF volume and
leads to hypertension and oedema.

The concentration of sodium in the extracellular phase is determined by the
relative amounts of sodium and water in the body. A normal serum sodium con-
centration is quite compatible with severe saline depletion or overload if there are
equivalent changes in body water. Conversely, hyponatraemia may either imply
water excess with normal body sodium (dilutional), sodium depletion with normal
body water (depletional) or, most commonly, a mixture of those two states. The
diagnosis of the salt status thus depends more upon physical signs than on labora-
tory tests, and the most important observation is the blood pressure.

It is convenient to classify states of dehydration as hypotonic, isotonic or
hypertonic, depending upon whether the serum sodium concentration (and hence
osmolality) is low, normal or high. Particular attention should be given to the
hypertonic, hypernatraemic state (FINBERG and HARRISON, 1955 ; FINBERG, 1969).
Infants with water-losing renal disease are at greatest risk, for they may be unable
to make up their urinary losses by drinking. The contraction of intracellular
volume particularly affects the brain, because of the volume restraints imposed
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by the skull. In severe states, intracranial or subdural haemorrhage may occur,
due to tearing of subtentorial veins. Convulsions are common, and may also hap-
pen during rehydration as the serum sodium concentration is falling towards nor-
mal. One quarter of the infants who have been exposed to a serum sodium concen-
tration over 160 mEq/l have residual neurological sequelae (MacavrLay and
WaTsoN, 1967).

b) Potassium

Potassium is the principal intracellular cation. If potassium excretion is im-
paired, as in advanced renal failure, extracellular potassium concentration rises
and leads to cardiac dysfunction, as detailed on p. 19. With renal or gastroin-
testinal potassium losses, serum potassium is initially maintained at the expense
of intracellular potassium, which leaves the cell in exchange for hydrogen ion,
resulting in extracellular alkalosis and intracellular acidosis.

¢) Hydrogen Ion

Metabolism of a normal diet generates hydrogen ion in excess of bicarbonate,
principally from the breakdown of organic phosphate and sulphates. This hydrogen
ion is excreted in the urine as titratable acidity and ammonium ion, and amounts
to about 1 mEq/kg body weight/day in the breast-milk fed baby, but as much
as 6 mEq/kg body weight/ day in the cow’s-milk fed infant (FomMox et al., 1959).
Failure to excrete hydrogen ion results in a metabolic acidosis with a fall in plasma
bicarbonate concentration.

2. Principles of Parenteral Fluid Therapy

Parenteral fluid therapy is only indicated if the oral route is inadequate. The
fluid should be given intravenously, and other routes, e. g. subcutaneous, are now
obsolete. The establishment and care of intravenous lines in infants requires some
skill, and it is particularly important to avoid unnecessary venous cutdowns. In-
travenous fluid administration equipment for use in small children should always
include a burette which accurately measures the amount of fluid delivered.

The prescription of parenteral fluid therapy should be considered under the
following headings: rapid correction of hypovolaemia; deficit replacement; main-
tenance requirements; and provision for abnormal losses.

a) Hypovolaemia

In states of shock, 20 ml/kg body weight of blood, plasma or normal saline
should be administered rapidly.

b) Deficit Replacement

An infant who is perceptibly dehydrated has probably lost 50 ml/kg body
weight, and one who is severely dehydrated may have lost as much as 100 ml/kg
body weight. Sodium deficits in severe hypertonic dehydration are 0—4 mEq/kg
body weight, in isotonic dehydration 4-8 mEq/kg body weight, and in hypotonic
dehydration 8-12 mEq/kg body weight (Darrow, 1959). These should be replaced
over a period of 6 hours, except in the hypertonic states, where slower rates of
replacement are usually deemed preferable.
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Sodium may be given with chloride (‘normal’’ saline contains 166 mEq/1; ‘‘half-
normal”’ saline 77 mEq/l and “fifth-normal’ saline 33 mEq/1). If there is a metabolic
acidosis, it may be preferable to give the sodium as bicarbonate (8.4%, NaHCO4
contains 1 mEq/ml). Sodium lactate is now obselete. It is not usually necessary to
give more than 2 mEq/kg body weight of NaHCO, in the first instance unless
there is a severe metabolic acidosis; this amount will usually raise the serum
bicarbonate concentration about 6 mEq/l.

Replacement of potassium deficits is not an urgent matter, and should be
spread out over several days. An adequate urine flow should first be present, and
not more than 5 mEq/kg body weight/day given. The concentration of potassium
in the infusate should not exceed 40 mEq/l.

¢) Maintenance Requirements

The intravenous requirements for maintenance of fluid balance in infants with
normal renal function are 120 ml/kg body weight/day with 1-2 mEq/kg body weight/
day of both sodium and potassium. About half this amount is required in the first
few days of life, and after surgical operations (WILkINSON, 1955; RickHAM, 1957,
1969). It must be emphasised, however, that infants with abnormal kidneys may
not have the usual antidiuretic and antinatriuretic response to surgery, and that
the customary practice of maintaining such infants ““dry” in the post-operative
period may not be appropriate. This is particularly true of infants undergoing
relief of urinary tract obstruction, as detailed on p. 169.

d) Abnormal Losses

Children with water-losing renal diseases may require 200 ml/kg body weight/
day, or more. The actual amount is governed by the urine volume, in turn deter-
mined by the maximum urinary osmolality and the excreted solute load. In salt
wasting states, the sodium intake should also be increased to cover the abnormal
losses.

IV. Assessment of Renal Function

1. General Considerations

Measurement of renal function in sick children demands simple techniques:
tests necessitating catheterisation or repeated venepunctures for their accurate
performance are rarely suitable in clinical practice (BARRATT and CHANTLER,
1973). Nearly all biochemical techniques can be scaled down to use capillary blood
samples, and it is now unacceptable for a laboratory to require large amounts of
blood necessitating venepuncture for simple biochemical investigations in sick
children. Many tests necessitate an accurate timed urine collection, which is
usually the major source of error, particularly in children with obstructive uro-
pathy (see Chapter M). Some protection from error may be conferred by simul-
taneous estimation of creatinine execretion, which rises from 10 mg/kg body
weight/day in infants to 20 mg/kg body weight/day at puberty (GRAYSTONE, 1968).

Inevitably some comparison has to be made between the estimate of renal
function and size of the child. Body surface area has long been considered the most
suitable parameter, as discussed above, and after the age of 2 years describes most
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of the size-related change in renal function. A causal relationship is not, however,
implied: there is no mechanism by which a change in body surface area effects a
change in renal function. From a teleological standpoint, a better case can be
made for extracellular volume (Frirs-HANSEN, 1961) or total body water (Mo-
CanceE and WippowsoN, 1952). One drawback of surface area (SA) lies in its
estimation (Kroverz, 1965). The best nomogram is that of SENDROY and CEc-
CHINI (1954) (Fig. 1), but the formula of DuBo1s and Dusois (1916) is very nearly
as good:

SA (em?) = Wt (kg)?4%® x Ht (cm)-726 x 71.84
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Fig. 1. Nomogram for determination of human body surface area from height and weight.
Insert for small children up to 0.60m2. From SENDROY and CrccuiNi (1954). (Reproduced by
permission of the authors and the Editor of Journal of Applied Physiology)

2. Glomerular Function

a) Urea

The catabolism of 3 G of protein generates 1 G of urea, which is filtered at the
glomerulus and partially reabsorbed by the tubules. The concentration of urea in
the plasma is thus determined by the protein intake, the glomerular filtration rate
and the extent of tubular reabsorption, and of these the dominant factor is protein
intake: assuming that the growing infant synthesises 1 G of protein per kg per
day, the urea excretion on a protein intake of 5 G/kg body weight/day (cow’s
milk) is 1.3 G/kg body weight/day, whereas on a protein intake of 2 G/kg body
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weight/day (breast milk) it is 0.3 G/kg body weight/day. Thus the simple expe-
dient of changing the diet from cow’s milk to breast milk results in a fourfold
change in the infant’s blood urea concentration. It is, therefore, hazardous to assu-
me that changes in blood urea concentration reflect changes in renal function, par-
ticularly in young children.

Nitrogen contributes about half the molecular weight of urea, and therefore
the concentration of blood urea nitrogen (BUN) is half that of the blood urea.

b) Creatinine

Creatinine production, and hence excretion, is largely independent of the diet;
it is a function of muscle mass and thus indirectly of body weight. The clearance
of creatinine is given by formula:

C.=U,V|P,
where C, = creatinine clearance, ml/min
U, = urine creatinine concentration, mg/100 ml
P, = plasma creatinine concentration, mg/100 ml
= urine flow rate, ml/min

In healthy individuals the clearance of creatinine exceeds the glomerular filtration
rate due to tubular secretion (SHANNON, 1935). Over the age of 2 years it is roughly
proportional to surface area, and the normal range is 94-142 ml/min/1.73 m*SA
(WINBERG, 1959a). However, the coefficient of variation of replicate estimates
of creatinine clearance in the same individual, even under research conditions, is
12 per cent and two estimates therefore must differ by 30 per cent before it can
be deemed reasonably probable that a change has actually taken place (CHANTLER
and BARRATT, 1972).

In healthy children the excretion of creatinine (U.V) is related to body weight
and its clearance (U,V/P,) to surface area. Hence the plasma creatinine concen-
tration is inversely proportional to height, rising from 0.3 mg/100 ml at one year
of age to 0.9 mg/100 ml in the adult (WINBERG, 1959; DONCKERWOLCKE et al.,
1970). BARRATT and RosE (1973) found that the glomerular filtration rate could
be approximately predicted from the plasma creatinine concentration as follows:
GFR (ml/min/1.73m2 SA) = 0.5 x Ht (cm)/P, (mg/100 ml).

The plasma creatinine concentration is estimated by the orange colour generat-
ed with alkaline picrate. Unfortunately, other substances (non-creatinine chromo-
gens) are also included in the estimate, and the measurement of the true plasma
creatinine concentration necessitates prior adsorption onto Fuller’s earth or a
cation exchange resin (STOTEN, 1968). Autoanalyser methods include a proportion
of non-creatinine chromogens, usually equivalent to about 0.2 mg/100 ml. In
young children, in whom the true plasma creatinine concentration is low, the non-
creatinine chromogens contribute a relatively larger proportion of the result, and
estimation of the true plasma creatinine is essential, although technically rather
demanding. With these provisos, the plasma creatinine concentration is probably
the most satisfactory method for the routine assessment of renal function in child-
ren with urological disorders.

¢) Glomerular Filtration Rate

Measurement of the inulin clearance is too complex a technique for routine
clinical practice. Fortunately, simpler methods are available. If a substance is
equilibrated rapidly in its volume of distribution, and cleared from the body only
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by glomerular filtration, then the GFR may be estimated from the rate of fall of
plasma concentration after a single intravenous injection. Accurate measurement
of low concentrations of the substance in plasma is essential, and isotopically
labelled compounds are generally the most suitable: *.chromium edetic acid (**Cr-
EDTA) (CHANTLER et al., 1969) or 13ljodine-iothalamate (CoHEN et al., 1969) have
both proved satisfactory. Several mathematical analyses are possible, but the
simplest only requires two blood samples, 2 and 4 hours after the intravenous in-
jection (BARRATT and CHANTLER, 1973). The half-time (7'%) of the exponential
disappearance is determined by plotting the plasma concentrations on a semilo-
garithmic scale, and an estimate of the volume of distribution (¥p) obtained by
dividing the administered dose by the extrapolated zero-time plasma concen-
tration. The GFR can then be calculated:

GFR (ml/min) = VD%%
7.

Using %'Cr-EDTA, CHANTLER and BARRATT (1972) observed the coefficient of
variation of replicate estimates of GFR in the same individual to be 3.5 per cent.
The administered radiation dose is small, about 0.1 per cent of that absorbed
during intravenous urography, and the method has great potential in paediatric
urological practice, for it permits precise quantitation of renal function without
the necessity for timed urine collection.

Effective renal plasma flow (ERPF) may be derived in a similar manner from
the plasma clearance of radio-iodine-labelled hippuran (CoHEN et al., 1971), but
the assumptions involved are less secure as the hippuran disappears from the
plasma very fast. External counting may be used with a single blood sample to
calibrate the curve.

d) Individual Kidney Function

Bilateral ureteric catheterisation to determine individual renal function is
difficult to perform in children, particulary if the investigation necessitates ac-
curate measurement of the rate of urine flow. Another possibility is to measure the
function of each kidney whilst the contralateral ureter is obstructed by external
compression (HAMBY et al., 1968); the method has not been widely applied to
children.

If the kidneys are drained seperately it is always prudent to take the oppor-
tunity of measuring the function (creatinine clearance) of each kidney independ-
ently, for the information may influence subsequent surgical decisions.

At the present time, isotope renography appears to have the greatest potential
for assessment of individual renal function (BrrrToN and Brownx, 1971). The rate
of uptake of radiohippuran by each kidney is proportional to its ERPF and is
reflected in the slope of the second phase of the renogram. The accuracy of the
method is improved if the intravascular radioactivity, assessed with a prior in-
jection of 13']-human serum albumin, is differentiated from the isotope taken up by
the kidney (computer-assisted blood background subtraction ; CABBS renography;
BriTToN and Brown, 1971). The most flexible system, however, is to record the
output of a gamma-camera on magnetic tape and then analyse areas of interest
at leisure later (HoLrOYD, GLASS and CursHOLM, 1972); this technique eliminates
error due to faulty positioning of the probes.



Tubular Function 11

3. Tubular Function

a) Measurement of Urine Concentration

It is the osmolality of the urine that is relevant, and its measurement with con-
temporary osmometers is an easy matter requiring only small volumes of urine.
The specific gravity correlates poorly with the osmolality (EDELMANN et al., 1967¢),
and its measurement should be abandoned.

In response to water deprivation, normal children aged 2-16 years achieve a
urine osmolality of 1127 + 128 (SD) mOsm/kg (EDELMANN et al., 1967¢). The
osmolality of the overnight urine is 1089 + 110 (SD) mOsm/kg, and further water
deprivation only results in an increment of osmolality of about 10 per cent: exa-
mination of the overnight urine provides therefore a simple screening test for
disorders of urinary concentrating capacity. During water deprivation tests, the
child should not be allowed to lose more than 3 per cent of the body weight, care
needs to be exercised that infants with water-losing renal diseases are not danger-
ously dehydrated.

Failure to concentrate the urine in response to water deprivation may be due
to lack of antidiuretic hormone or resistance to its action: the alternatives may
be discriminated by the administration of intramuscular vasopressin tannate in
oil (0.1 units/kg/body weight). The test is best carried out in the water depleted
state to avoid the danger of water intoxication in young infants. WINBERG (1959b)
reported the maximum urinary osmolality after pitressin over the age of 3 years
to be 1069 + 128 (SD) mOsm/kg, and should be consulted for normal data for
yvounger children.

b) Acidifieation of Urine

Hydrogen ion is secreted by the proximal tubule, and neutralises filtered
bicarbonate; distal tubular fluid is essentially bicarbonate-free, and net hydrogen
ion excretion can then take place, principally in the form of dihydrogen phosphate
(H,PO,") and ammonium ion. Three types of defect of hydrogen ion excretion have
been recognised (RODRIGUEZ-SORIANO and EDELMANN, 1969). In the first, proxi-
mal renal tubular acidosis, there is a quantitative defect in proximal hydrogen ion
excretion, but urinary acidification occurs normally when the filtered load of
bicarbonate falls during a metabolic acidosis; this defect may occur in isolation
(RODRIGUEZ-SORIANO et al., 1967), be part of the Fanconi syndrome, or be second-
ary to renal dysplasia. In distal renal tubular acidosis (WrRoNG and Davigs, 1959),
there appears to be an inability to establish a hydrogen ion gradient across the
tubular epithelium, and an acid urine is never produced; this defect is accom-
panied by nephrocalcinosis and urinary calculi (see p. 290). Finally, in uraemia,
although the urine can be acidified, there is a diminished availability of hydrogen
ion acceptor (HPO,— and ammonia) and total hydrogen ion excretion is therefore
impaired.

The critical observation is the relationship between the plasma bicarbonate
concentration and the urine pH. Care must be taken that an adequate urine spec-
imen is examined, particularly that it is not infected (especially with urea-split-
ting organisms such as Proteus), that it is processed immediately by the labo-
ratory, and that a hydrogen-ion electrode rather than indicator papers is used to
measure pH.

Most infants and children pass acid urine during the night. If the child is not
acidotic, then the observation of a pH of 5.3 or less in the overnight urine excludes
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a defect of hydrogen ion excretion. This simple screening test should always be
done before more elaborate assessments of hydrogen ion secretion are undertaken.

In patients with distal RTA, the urine pH never falls below 6.1. In proximal
RTA the bicarbonate threshold is low, and the urine pH, although inappropriately
alkaline during a mild metabolic acidosis, does in fact fall to 5.3 or less during a
severe acidosis.

Ammonium chloride may be used as a mild acidotic stress (WroNG and DaviEs,
1959): the administration of 75 mEq (4G NH, Cl) per square metre body surface
area was used by EDELMANN et al. (1967b), and the urine pH should under these,
circumstances fall to 5.3 or less.

¢) Proximal Tubular Funetion

Proximal tubular dysfunction may result in renal glycosuria, generalised amino-
aciduria, hypophosphataemic rickets and low molecular weigth (”tubular‘‘) pro-
teinuria with increased urinary lysozyme excretion.



B. Acute Renal Failure

T. M. BARRATT

With 2 Figures

I. Introduction

There are many differences between the clinical patterns of acute renal failure
in infants and in older children (BARRATT, 1971), and in this chapter emphasis will
be placed upon the younger child. The important factors which determine the
special features of renal failure in early life are the physiological characteristics of
small body size (BARRATT, 1973), maturation of renal function (EDELMANN and
SeITZER, 1969), growth-directed metabolism (McCANCE, 1959) and the particular
susceptibility of the infant kidney to certain disorders.

IL. Pathogenesis of Acute Renal Failure

Secretion of urine depends upon the integrity of the blood supply to the kidney,
the normal function of the renal parenchyma and the patency of the urinary pas-
sages. There is thus merit in the time-honoured classification of acute renal failure
as pre-renal, renal or post-renal. Episodes of acute deterioration of function may
afflict kidneys that were previously normal, or may be superimposed upon pre-
existing renal disease, and may be rapidly reversible, partially reversible or
irreversible.

1. Pre-Renal Factors

Renal hypoperfusion may be the consequence of central or peripheral circu-
latory failure; the latter is the result of hypovolaemia due to loss of blood, plasma
(albumin) or extracellular fluid (saline). The appropriate renal response to hypo-
perfusion is the production of small volumes of urine of high urea concentration
and osmolality but low sodium concentration; there is avid tubular reabsorption
of salt and water from a trickle of glomerular filtrate. The finding of a urine:
plasma urea ratio of greater than 5 and osmolality ratio greater than 1.2 with a
urinary sodium concentration less than 20 mEq/1 (“good quality urine”) suggests
that kidney function will return rapidly if renal perfusion is restored.

The infant with renal failure is usually saline-depleted on arrival in hospital;
saline-overload is uncommon unless there is complete anuria. The saline depletion
may result from extrarenal losses, as for example with diarrhoea and vomiting
(perhaps itself the consequence of a urinary tract infection), or from renal losses in
infants with kidneys unable to conserve salt and water adequately, and is often
the event that precipitates renal failure. The plasma sodium concentration may
be low, normal or high, depending upon the relative magnitudes of salt and water
losses, and the diagnosis is based upon the physical examination rather than on
laboratory findings (WroNg, 1971). Saline depletion can usually be recognised by
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diminished skin turgor, poor peripheral circulation, and, if the data are available,
evidence of recent weight loss, but the physical signs may be less obvious if there
is hypernatraemia due to predominant water losses (FINBERG, 1969). The arterial
blood pressure may be difficult to estimate in infants, but is an essential obser-
vation in the assessment of salt and water balance, for hypertension virtually
excludes saline depletion.

2. Renal Factors

a) Acute Tubular Neerosis

Acute tubular necrosis may follow any period of prolonged renal hypoperfusion,
or may be due to nephrotoxins. Saline depletion following gastroenteritis is a com-
mon cause, particularly in tropical countries (GORDILLO-PANIAGUA, 1967), and
acute tubular necrosis is likely if oliguria persists in spite of volume replacement.
It may be superimposed upon other renal disease, as, for example, a complication
of the hypovolaemia of the nephrotic syndrome (CHAMBERLAIN et al., 1966) or of
saline depletion due to renal losses. Sometimes no cause is found. The oliguric phase
is shorter in children than in adults, and may occasionally escape notice. In hyper-
catabolic states the urine volume may be relatively normal, but contain insuf-
ficient urea to prevent uraemia. A dense prolonged nephrogram may be observed
during the oliguric phase (FrRy and CATELL, 1972), and probably indicates con-
tinued glomerular filtration with leakage of tubular fluid (Bank et al., 1967)
(Fig. 2). During the recovery phase there may be inappropriate losses of salt and

Fig. 2. A dense nephrogram persisting 20 hours after injection of contrast medium in a child
of four months with acute tubular necrosis complicating gastroenteritis
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water, but this has been over-emphasised in the past, and more commonly di-
uresis at this stage consists of the appropriate excretion of excess fluid retained
during the oliguric phase.

b) Renovascular Accidents

The infant kidney is particularly prone to venous infarction, as either frank
renal venous thrombosis or medullary necrosis. This susceptibility may be related
to the high renal vascular resistance in early life (GRUSKIN et al., 1970). Most
cases of renal venous thrombosis occur in the first two months of life (McFARLAND,
1965; Jounstow, 1968); intra-uterine thrombosis with an infarcted kidney at
birth has been described (ZUELZER et al., 1951). Many cases are associated with
perinatal asphyxia, particularly in infants of diabetic mothers (AVERY et al,,
1957); others follow periods of renal hypoperfusion. The thrombosis originates in
the small intrarenal veins and progresses centripetally, but does not appear to
propagate to the other kidney (JOHNSTON, 1968); rarely the thrombosis appears
to originate in the inferior vena cava (VERHAGEN et al., 1965). Sometimes a similar
pathological process also affects the adrenal glands, resulting in adrenal haemato-
mata. There is often evidence of a generalised coagulation disorder with throm-
bocytopaenia (BELMAN et al., 1970). The clinical picture is of a firm enlarging
kidney, haematuria and proteinuria, usually in a sick infant, though occasionally
the constitutional disturbance is mild. The nephrotic syndrome has only rarely
been reported in children with renal vein thrombosis (FEINERMAN et al., 1957);

Fig. 3. Medullary necrosis complicating gastroenteritis in a child of three months. Note the
heavy opacification of the renal pyramids and a normal pyelogram
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here the thrombosis may be secondary and related to the susceptibility of nephro-
tic patients to thrombo-embolic complications (LIEBERMANX et al., 1968). Uraemia
may be due to underlying renal hypoperfusion or associated tubular necrosis, and
does not necessarily imply bilateral involvement. Even bilateral cases may have
some recovery of function (McFaArRLAND, 1965). Thrombectomy has only rarely
appeared beneficial (LowRY et al., 1970) and routine nephrectomy is not neces-
sary in the acute stage (JOHNSTON, 1968 ; BELMAN et al., 1970); on balance it seems
that the risks involved in the radiological definition of the problem and in surgical
intervention outweigh the likely benefit in the majority of cases. The value of
anti-coagulant or fibrinolytic therapy has not been established. The kidney after
venous thrombosis shrinks, and may in later years be responsible for hypertension.
At this stage, it may be difficult to distinguish from other varieties of small kidney.
Medullary necrosis in infants may be regarded as a similar lesion in which
venous infarction is limited to the medulla (BERNSTEIN and MEYER, 1961; DAvIiEs
et al., 1969 ; CHRISPIN, 1972) (Fig. 3), and the predisposing conditions are similar.
The possibility that radiological contrast media may precipitate the lesion is re-
ferred to below (GRUSKIN et al., 1970). In the convalescent phase these infants
may have a salt-wasting phase, and the structural sequelae may appear on radio-
logical grounds very similar to chronic pyelonephritis (CHRISPIN et al., 1970).

¢) Disseminated Intravascular Coagulation

This term is applied to states in which there is generalised activation of clot-
ting system, with secondary fibrinolysis reflected in the presence of circulating
fibrin degradation products (FDP) (ABILDGAARD, 1969). It is the end result of
many pathological processes such as septicaemia, and is the underlying mecha-
nism of the haemolytic-uraemic syndrome (GASSER et al., 1955; LIEBERMAN, 1972).
This disease presents a more homogeneous picture in children than in adults. Tt
frequently follows a gastrointestinal upset, and is characterised by the acute onset
of haemolytic anaemia with erythrocyte fragmentation, thrombocytopaenia, renal
failure (GIANANTONIO et al., 1964) and evidence of a widespread coagulation dis-
order (Avaros et al., 1970). The disease has a remarkable geographical distribu-
ion and occurs with considerable frequency in South America (GIANANTONTO et al.,
1964) and South Africa (KAPLAN et al., 1971). In temperate climates there tends
to be a clustering of cases in micro-epidemics (MCLEAN et al., 1966), suggesting an
infective disorder, but the aetiological agent has not been identified. It has been
pointed out that the disease resembles the Shwartzman reaction produced by
endotoxin administration (SHUMWAY and TERPLAN, 1964). There is intravascular
coagulation and microangiopathy due to the endothelial deposition of fibrin and
resulting in erythrocyte fragmentation and platelet sequestration (BRAIN et al.,
1962). The renal lesion (HABIB et al., 1967) is the result of arteriolar and glomer-
ular capillary thromboses. In severe cases there is neurological involvement.

There are uncontrolled reports of a beneficial effect of heparin therapy (GIL-
CHRIST et al., 1969), and the mortality is now quite low, but this may be due to
improved care of children with acute renal failure and the recognition of milder
cases (LIEBERMAN, 1972). Streptokinase is also said to be beneficial (MONNENS et
al., 1972), again on the basis of uncontrolled studies.

In a minority of the survivors there is residual impairment of renal function
and hypertension. In the Argentinian patients, however, the incidence of hyper-
tension is higher in cases with a long follow-up (GIANANTONIO et al., 1968).
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d) Acute Glomerulonephritis

Acute glomerulonephritis is extremely rare under the age of one year. In later
childhood it ranks as a major cause of acute renal failure arising in a child who
was previously completely healthy. There may be complete anuria. If even a drop
of urine is available for examination, it should be saved as microscopy may reveal
the presence of erythrocyte and granular casts, which are virtually diagnostic. In
90 per cent of cases the diagnosis can be confirmed by the finding of a low serum
C3 concentration.

¢) Pyelonephritis

The role of urinary tract infection in the genesis of acute-on-chronic renal
failure, mediated either by saline depletion or by renal parenchymal involvement,
has been referred to above. Attention must be particularly drawn to the clinical
pattern of overwhelming sepsis in young infants. Males are affected most com-
monly; the usual infecting organism is Eschericia coli. There is evidence of urinary
tract infection, septicaemia and sometimes meningitis. Jaundice of an obstructive
pattern may be evident. Disseminated intravascular coagulation is sometimes
present. These infants are usually saline depleted, hypernatraemic, hyperkalae-
mic, acidotic and uraemic. The kidneys may be quite strikingly enlarged, and
misleadingly suggest an underlying urological abnormality.

3. Post-Renal Factors

Urinary tract obstruction in childhood is usually congenital in origin, and as
such of long standing; acute urinary tract obstruction is relatively uncommon.
Nevertheless, many children with congenital urinary tract obstruction present as
acute emergencies, having been precipitated into renal failure by urinary tract
infection or saline depletion. The subject is further discussed in Chapter M.

II1. Diagnosis

Children with acute renal failure are often very sick when first seen; diagnosis
and treatment may have to be undertaken simultaneously.

Clues to the underlying pathology of the renal failure may be found in the
history. Of particular importance in male infants is the character of the urinary
stream, though in infants a significant urethral obstruction may be present with
apparently normal micturition (WiLLiaMS et al., 1972). Diarrhoea and vomiting
suggest saline depletion, but may also be a prelude to acute tubular necrosis, renal
venous thrombosis or the haemolytic-uraemic syndrome, and may themselves be
caused by urinary tract infection or uraemia.

On physical examination, some features suggest maldevelopment of the renal
tract: agenesis of abdominal wall musculature, anorectal anomalies, genital anom-
alies and congenital heart disease. Malformations incompatible with intra-
uterine micturition result in oligohydramnios, amnion nodosum, pulmonary
hypoplasia and compression deformities, particularly talipes and abnormal facies
(Baix and Scorrt, 1960; PoTTER, 1965). Enlargement of the kidneys and bladder
implies infravesical obstruction. Gross enlargement of the kidneys is typical of
hydronephroses or the infantile variety of polycystic disease, but the kidneys in
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acute tubular necrosis or pyelonephritis may also be palpable. Anaemia and short
stature imply renal disease of long duration.

A blood film may reveal erythrocyte fragmentation and thrombocytopaenia
characteristic of disseminated intravascular coagulation, or a polymorphonuclear
leucocytosis suggestive of infection. Blood cultures are essential. A reduced con-
centration of the complement component C3 is virtually diagnostic of acute
nephritis.

The urine should be examined for the presence of protein, cells and casts and
the urine sodium, urea and osmolality estimated.

Uraemia is not a contraindication to intravenous urography; diagnostic infor-
mation is often obtained but the investigation should be deferred until adequate
volume replacement has been achieved. High doses of contrast media are essential,
but care should be taken in small children for there are reports of renal medullary
necrosis after the use of more than 3 ml/kg body weight in sick infants (MAUER
and NograADY, 1969; GILBERT et al., 1970; GRUSKIN et al., 1970). The contrast
material is a considerable osmotic load (STANDEN et al., 1965), and may aggravate
water losses in infants with defects of urinary concentration, so fluids should not
be withheld beforehand. Cystourethrography may give valuable information about
the kidneys if reflux is present, as well as about the lower urinary tract.

Renal biopsy (see Chapter E) is sometimes of help in establishing the diagnosis,
particularly in older children in whom the plain abdominal x-ray suggests that
the kidneys are of reasonable size.

IV. Consequences of Acute Renal Failure

During episodes of acute renal failure the major disorders of homeostasis are:
saline depletion or overload; osmolar disturbances; hyperkalaemia; metabolic
acidosis; hyperphosphataemia; hypocalcaemia and hypomagnesaemia; and the
rather ill-defined uraemic state. There may in addition be overwhelming sepsis,
perhaps accompanied by disseminated intravascular coagulation, and sometimes
the clinical picture is dominated by the cause of the renal failure itself.

1. Saline Overload

The clinical features of saline overload are hypertension, peripheral and pul-
monary oedema and cardiac failure. If the state has resulted from the injudicious
administration of salt and water, and the child is still passing urine, dietary
restriction may suffice. However, if oliguria persists in spite of saline overload,
diuretics (frusemide, 1 mg/kg body weight intravenously, increasing to 2 mg/kg
and then 4 mg/kg) may be tried. Mannitol is, of course, dangerous in these cir-
cumstances and its use has been largely abandoned in favour of the modern potent
diuretics. If these measures fail, dialysis is usually necessary. Severe hypertension
may result in an encephalopathy with convulsions; under these circumstances it is
necessary to lower the blood pressure rapidly, and for this purpose diazeoxide
(2 mg/kg body weight intravenously) is a useful drug.

2. Osmolar Disturbances

Both hyponatraemia and hypernatraemia may cause convulsions. The latter
is the more serious state for there is a high incidence of residual neurological se-
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quelae (Macauray and Watsow, 1967). Children with water-losing renal disease
(nephrogenic diabetes insipidus, obstructive uropathy, renal dysplasia and cystic
disease, the Fanconi syndrome, renal tubular acidosis and hypercalcaemia) are
most at risk of developing hypernatraemia, particularly if they are receiving a
high solute diet.

3. Hyperkalaemia

Elevation of the serum potassium may cause various arrhythmias or cardiac
arrest. There are characteristic electrocardiographic changes with peaking of the
T-waves that give warning of an impending disorder of cardiac rhythm. In older
children a serum potassium concentration in excess of 6.5 mEq/l requires treat-
ment, but in infants higher levels appear to be tolerated, and it is uncommon in
this age group for an arrhythmia to develop until the serum potassium exceeds
7.5 mEq/l.

Calcium ion antagonises the effect of potassium on the heart, and the best
emergency treatment of a hyperkalaemic arrhythmia is calcium gluconate (up to
0.5 ml/kg body weight of a 10 per cent solution, diluted and given by slow intra-
venous injection, with electrocardiographic control). A cation-exchange resin
charged with calcium (1 G/kg body weight/day) may be administered orally or
rectally, and some protection from hyperkalaemia may be conferred by the cor-
rection of a metabolic acidosis. The use of glucose and insulin to reduce serum
potassium levels is, however, often attended by troublesome hypoglycaemia, and
is best avoided.

The risk of development of dangerous hyperkalaemia is much increased in
hypercatabolic states, such as in renal failure complicating open-heart surgery,
burns or septicaemia. The provision of an adequate calorie intake, intravenously
if necessary (HARRIES, 1971), minimises tissue breakdown and the rate of release
of potassium into the extracellular fluid (McCancE, 1959).

4, Acidosis

A severe metabolic acidosis may be lethal; it may be suspected clinically if the
child is hyperventilating (KUussMAUL respiration). It is not necessary, however, to
achieve the full correction suggested by the Si6GAARD-ANDERSEN (1964) formula
[amount of bicarbonate required (mEq) = 0.3 X body weight (kg) X base deficit
(mEq/1)], and attempts to do so may result in the administration of a dangerously
large sodium load, or provoke tetany in a hypocalcaemic child. In an emergency,
sodium bicarbonate may be given in a dose of 2 mEq/kg body weight (2 ml of an
8.4 per cent solution per kg body weight) provided the child is not hypertensive;
correction of acidosis in a saline-overloaded child can only be achieved by dialysis.

5. Divalent Ions

The plasma phosphate concentration rises in acute renal failure, particularly
if the dietary phosphate intake is high, as in the infant on a cow’s milk diet. The
calcium phosphate product rises, and metastatic calcification occurs; in infants
this is liable to develop in fascial planes rather than in vessels (HARDMAN et al.,
1971). There is a reciprocal fall in plasma calcium concentration which may
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result in tetany ; in infants, however, convulsions are a more common neurological
consequence of hypocalcaemia. Acidosis protects the patient from the effects of
hypocalcaemia.

Adults with acute renal failure tend to become hypermagnesaemic, but in in-
fants hypomagnesaemia is the rule (GHAZALI et al., 1972), particularly if there is
hyperphosphataemia. Hypomagnesaemia should be considered if convulsions
persist in spite of adequate correction of hypocalcaemia.

Aluminium hydroxide gel prevents phosphate absorption by the precipitation
of insoluble aluminium phosphate in the bowel lumen; the serum phosphate level
should be maintained between 4 and 6 mg/100 ml with aludrox in a dosage of
about 0.5 ml/kg body weight/day. Acute hypocalcaemic symptoms should be
treated with 10 per cent calcium gluconate intravenously (up to 0.5 ml/kg body
weight). Hypomagnesaemic states can be corrected with 50 per cent magnesium
sulphate (0.1 ml/kg body weight) intramuscularly.

6. Uraemia

The extent to which the features of the uraemic state may be attributed to
urea accumulation per se, or to other metabolites whose concentration rises in
parallel to that of urea, has not been resolved. The gastro-intestinal symptoms of
uraemia — nausea, vomiting and diarrhoea — seem, however, to be directly
attributable to urea, for they may be minimised by the use of a low protein diet.

7. Other Features

a) Convulsions

Convulsions may be due to hypertensive encephalopathy, hypo- or hyperosmo-
lar states, hypocalcaemia, hypomagnesaemia or uraemia. If there is septicaemia,
meningitis must be considered, and disseminated intravascular coagulation may
also have neurological sequelae.

The choice of anticonvulsant in renal failure requires some care. Phenobarbi-
tone tends to accumulate; the most suitable are those metabolised by the liver
such as diazepam (0.1 — 0.2 mg/kg body weight intravenously).

b) Sepsis

Septicaemia may spread from a renal focus, particularly in young infants
(predominantly male), as the IgM agglutinating antibody response to renal paren-
chymal infection is not apparent in the first two months of life (Hansox et al.,
1970). A septicaemia arising from other sources may also cause renal failure, par-
ticularly if complicated by disseminated intravascular coagulation (ABILDGAARD,
1969). Antibiotic therapy in renal failure must be managed carefully in order to
avoid toxic accumulation of the drugs, and is further considered in Chapter G.

¢) Anaemia

Infection, uraemia, disseminated intravascular coagulation or blood loss may
be responsible for anaemia. If the child is saline-overloaded, transfusion cannot
be started until the excess salt and water have been removed. Even then, it is
safer to limit the transfusion to 10 ml/kg body weight of packed cells, and to
retransfuse 24 hours later if an adequate haemoglobin level has not been reached.
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The blood pressure should be monitored during the transfusion, and should not
rise above 90 mm Hg (diastolic).

V. Conservative Management of Acute Renal Failure

In the adult an intake of 0.25 G/kg body weight/day of protein of high biolog-
ical value results in the minimum rate of urea production. The minimum protein
intake in younger children has not been established, but 1 G/kg body weight/day
in the infant over 3 months of age seems satisfactory. This is, of course, substan-
tially less than the protein intake of an infant receiving a diet of cow’s milk (5 G/kg
body weight/day) or human breast milk (2 G/kg body weight/day), but it is often
adequate merely to reduce the protein intake to the latter level.

The maximum benefit of such restricted protein diets may only be realised if
an adequate calorie intake is achieved—at least 100 cals/kg body weight/day and
preferably more. This may be provided in the form of glucose polymer and lipid,
but the carbohydrate content of the diet should not exceed 10 per cent, or diar-
rhoea may ensue.

Insensible water losses are related to surface area, and hence on a weight basis
are greater in the infant than in the adult; about 30 ml/kg body weight/day in the
infant (LEVINE et al., 1930) falling to 5 ml/kg body weight/day in the adult.

VI. Dialysis

1. Indications

The decision to treat by dialysis is determined less by arbitrary criteria of
blood chemistry than by an assessment of the probable course of the renal failure;
it is indicated if the infant is hypercatabolic or if a prolonged period of oliguria is
expected, but if a quick return of renal function seems likely conservative manage-
ment may suffice and dialysis be deferred. In practice, diuretic-resistant saline
overload is perhaps the most important indication as correction of acidosis or
anaemia, for example, is impossible under such circumstances without dialysis.

2. Haemodialysis vs Peritoneal Dialysis

Until recently there has been little question that peritoneal dialysis is prefer-
able to haemodialysis in the management of children with acute renal failure,
although there has always been a small minority of cases in whom, for technical
reasons such as a burst abdomen, peritoneal dialysis is impossible. The technical
difficulties of infant haemodialysis have been access to the circulation, the large
blood volume of the artificial kidney relative to that of the child, and hyper-
efficient dialysis causing the disequilibrium syndrome. An even greater problem,
however, has been that the relative infrequency with which haemodialysis in small
children is required has hindered the acquisition of the expertise necessary for the
safe use of the artificial kidney by paediatric renal units. The development of
maintenance haemodialysis programmes in children has therefore opened the door
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to new technical solutions, and some of the problems have now been overcome
(AmoraA et al., 1972; KJELLSTRAND et al., 1971). Suitable paediatric arterial and
venous shunts are available, and paediatric dialysers which require less than 10 per
cent of the infant’s blood volume for priming have been developed. It has been
found important to relate the efficiency of the dialyser to the size of the child;
urea clearances of 2-3 ml/kg body weight/min are satisfactory (KJELLSTRAND et al.,
1971). Nevertheless, even with these developments, it is likely that most centres
will rely on peritoneal dialysis in the immediate future for the treatment of acute
renal failure in children.

3. Peritoneal Dialysis

After early difficulties, peritoneal dialysis has now become established as a
satisfactory method for the treatment of acute renal failure in children (SEGAR
et al., 1961; LLoyD-StiL and ATwELL, 1966; BARRATT, 1971). It is relatively
more efficient in small children than in adults, as the peritoneal surface area/body
weight ratio is greater (EspERANCA and Corrins, 1966). Its simplicity is a major
advantage over haemodialysis, but in spite of its apparent ease, the technique
should, where possible, be restricted to specialist centres, for it represents only
one aspect of the management of the uraemic child, and moreover, it repays
handsomely scrupulous attention to detail in execution that can only be achieved
by an experienced nursing and resident medical staff.

a) Setting up Dialysis

Under light sedation and local anaesthesia, and with strict aseptic technique,
the peritoneal cavity is first filled with dialysate fluid—about 30 ml/kg body
weight—through a small needle. This manoeuvre reduces the risk of perforation
of a viscus. The peritoneal catheter itself should be moderately flexible, contain
an internal stilette, and have perforations which do not extend more than 3 cm
from the tip. In infants it is often more convenient to insert the catheter in the
left flank rather than in the customary sub-umbilical position, as it may be dif-
ficult to bury the perforations below the peritoneum in the latter site. In infants
there is also an increased risk of perforation of the bladder, which is an abdominal
rather than a pelvic organ. A small skin incision is made. and the catheter inserted
into the peritoneal cavity—it helps if the abdominal wall is made tense by the in-
fant crying—and advanced towards the pelvis.

Some modifications of the standard adult equipment are required for infants;
a burette to measure the input volume and a heating coil to minimise heat loss
during dialysis. Ideally, the administration set should be manufactured as a single
piece, and not improvised from other intravenous equipment, for junctions and
three-way taps are a potent source of infection.

b) Dialysis Regime

Commercially available dialysate fluids may be used at all ages. A sodium con-
centration of 130 mEq/l is usually optimal. Glucose concentration should not
exceed 2 G/100 ml; higher concentrations cause such a rapid withdrawal along the
osmotic gradient into the peritoneal cavity that hypovolaemic shock may ensue.
Potassium should be added in a concentration of 4 mEq/l if the serum concen-
tration is not elevated. Lactate is the usual metabolisable anion, but the sick
anoxic neonate may fail to convert it to bicarbonate and hence develop a lactic
acidosis; it is then necessary to prepare a dialysate containing bicarbonate instead.
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A cycle volume of about 25-50 ml/kg body weight is usually satisfactory, but
the amount tolerated varies in different children. Over-distension of the perito-
neum is dangerous, for it may cause respiratory embarrassment or, in the infant,
apnoeic attacks. Under most circumstances it is convenient and adequate to use
hourly cycles, allowing the fluid to run into the peritoneum in 10 minutes, to dwell
for 20 minutes and to drain for 30 minutes. On this regime, with a dialysate
glucose concentration of 1.4 G/100 ml, the drainage usually exceeds the input by
about 10 per cent. Assuming insensible losses of 20 ml/kg body weight/day, this
regime permits the infant a fluid intake of about 120 ml/kg body weight/day plus
the urine volume. Hypercatabolic states necessitate shorter cycle periods, which
are best achieved by shortening the drainage phase, for the efficiency of dialysis
is related to the volume of fluid passing through the peritoneal cavity in unit time
(BoEN, 1964).

Accurate recording of the fluid balance estimated from dialysis input and
return is important, but susceptible to cumulative errors; the most useful obser-
vations are the child’s weight and circulatory status, particularly blood pressure.
Conversely, when repeated weighing is difficult, as for example in children on
mechanical ventilators, or where other factors influence the cardiovascular signs
of hydration, as after cardiac surgery, control of fluid balance may become very
difficult. In the latter circumstance, monitoring of the central venous pressure is
essential.

¢) Complications

Certain difficulties may be encountered ; bleeding after insertion of the catheter
is usually not as troublesome as it might appear at first, unless the infant is hep-
arinised. If bleeding does occur, it is helpful to add a small amount of heparin (200
iu./litre) to the dialysate to prevent blockage of the catheter. Bowel perforation
is very unusual if the peritoneum is first filled with dialysate, but may occur if the
gut is grossly distended, and is probably best managed by surgical exploration in
young children. Difficulties in drainage of dialysate are infrequent in small chil-
dren, probably because the omentum is less well developed and does not wrap
around the catheter. Infection is reasonably easy to eradicate in older children,
but is more serious in infants, for septicaemia may disseminate from a peritoneal
focus; at the first suggestion of peritonitis, antibiotics should be added to the
dialysate in a concentration which exceeds the minimum inhibitory concentration
of the infecting organism but is less than the toxic blood level.

The dialysis regime should be adjusted to permit a normal diet. Particular
attention should be paid to the maintenance of nutrition during peritoneal
dialysis. In infants a daily protein intake of at least 2 g/kg body weight and a
calorie intake of 100 cal/kg body weight should be provided, as well as additional
water soluble vitamins. Protein depletion develops rapidly in small infants, and
plasma infusions may be required.

VII. Conclusions

Successful management of young children with renal failure may only be
achieved with the co-operation of several paediatric skills. A closely co-ordinated
team of paediatric nephrologist, urologist, radiologist, nursing staff, pathologists
and dietician, all experienced in and equipped for the management of sick infants,
is essential, and any compromise of this arrangement will result in less than
optimal results.
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I. Introduction

Rapid developments in the techniques of dialysis and renal transplantation
during the past decade have led to a reappraisal of their suitability for children
(CamERON, 1973), and experience to date suggests that, by the criterion of survival
at least, children fare as well as, if not better than, adults on renal replacement
programmes. The availability of these methods of treatment leads to new con-
siderations in the management of children with urological disorders, and makes
it essential that the paediatric urologist is aware of the current practice of his
regional dialysis and transplant centre.

II. Epidemiology of Renal Failure in Children

1. Mortality

Comprehensive statistics on the death rate from renal failure in children are
not available. The British Paediatric Association (1969) estimated that between
3 and 5 children aged 0-14 years per million total population die of renal failure
each year, but the group is sufficiently heterogeneous that such an overall estimate
of incidence is of doubtful value, for renal failure may be only one aspect of a
complex disease or constellation of congenital malformations. In a survey con-
ducted for the European Society for Paediatric Nephrology, SCHARER (1971) found
the incidence of chronic renal failure in children aged 6 months to 16 years to be
about 1 per million total population per annum. However, reports from centres
which have already developed specific paediatric dialysis and transplantation
facilities, such as Paris (BrRoYER et al., 1972b) and California (PoTTER et al.,
1970a), suggest that a more reasonable estimate of the requirements for dialysis
and transplantation in children would be provision for 2 new cases per million
total population per annum. A similar estimate is reported for Scotland (PEND-
REICH et al., 1972).

2. Aetiology

Under the age of 5 years congenital disorders—hypoplasia, dysplasia, cystic
disease (see Chapter F)—predominate, but nearly half these children have other
major congenital abnormalities (BARRATT, 1971). Over the age of 10 years, however,
glomerulonephritis in one form or another is the principal cause of renal failure in
children entering dialysis programmes (SCHARER, 1971).



Uraemia 25

III. Pathophysiology of Chronic Renal Failure

1. Adaptation to Diminishing GFR

The glomerular filtration rate may fall to 50 per cent of normal with barely
detectable change in extracellular fluid composition. At 25 per cent of normal the
concentrations of urea and creatinine rise outside the normal range, but symptoms
are unusual. At 10 per cent, renal fajlure may be symptomatic, and require dietary
control. A glomerular filtration rate in children less than 5 per cent of normal is
hardly compatible with survival.

By what adaptive mechanisms is homeostasis maintained in the face of
declining renal function ? As GFR,and thus urea clearance, fall, plasma urea concen-
tration rises until excretion again balances production; in one sense the elevated
plasma urea concentration in chronic renal failure can be regarded as an adaptive
response. It has been proposed that with advancing renal disease some nephrons
become completely non-functional, but that the residual nephrons function
normally (the “intact nephron” hypothesis; Prart, 1952; BRICKER, 1969). Al-
though this hypothesis seems implausible in view of the obvious heterogeneity
of nephron damage apparent on histological examination, it serves as a reminder
that the residual functional nephrons must each carry an increased share of the
excretory load, and must therefore reject a greater fraction of their filtered load
of water, urea and electrolytes than do nephrons in healthy kidneys. There is
thus an osmotic diuresis per nephron, so that the urine has an osmolality close to
that of plasma. The principal characteristic of nephrons operating under such
conditions is lack of flexibility of function; such kidneys are unable to modulate
the composition of the urine in response to homeostatic requirements.

The increase in excretion per nephron is sometimes only achieved at the
expense of undesired side effects (the ‘“‘trade-off” hypothesis; BRICKER, 1972).
As an example, the increasing parathormone concentration in chronic renal
failure serves to maintain phosphate homeostasis by augmenting phosphate
excretion, but only at the cost of bony lesions. Likewise hypertension may be
regarded as the trade-off of the chronic volume expansion necessary to maintain
sodium balance.

2. Uraemia

Although elevation of the blood urea concentration has been recognised for
more than a century (BricuHT, 1827), its exact role in the genesis of the uraemic
state remains unclear. Reduction of the urea concentration by a low protein
diet in uraemic patients results in improvement in well-being (BERLYNE and
HockEN, 1968), in haemoglobin concentration (SHAW, 1968), and in gastrointestinal
symptoms. Urea is synthesised in the liver from ammonia derived from protein
catabolism. Only about 80 per cent of synthesised urea is excreted in the urine;
the remainder is reconverted to ammonia by the action of bacterial ureases in
the gut (WALSER and BoDENLOS, 1959), and the proportion recycled is greater in
uraemic patients. Attempts have therefore been made to develop diets which
promote the reutilisation of this ammonia in protein synthesis (GIorRDANO, 1963;
GIOVANETTI and MAGGIORE, 1964). To this end, it is essential to use protein of
high biological value—principally of animal origin—and maintain an adequate
calorie intake. In adults, net urea production is minimal on a protein intake of
15G/day. Such diets need careful supervision that they are not deficient in
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essential nutrients such as minerals or individual aminoacids. In children the mini-
mum protein intake compatible with growth has not been determined precisely,
but the World Health Organisation (1965) suggest 1.8G/kg body weight/day at
3 months falling to 0.9G/kg body weight/day at one year of age.

Other metabolites than urea have been considered responsible for the uraemic
syndrome, particular guanidine compounds (GIOVANETTI et al., 1969), though
these claims remain open to doubt (BAKER and MARSHALL, 1971).

3. Osteodystrophy

There are three types of bony lesion associated with uraemia: rickets/osteo-
malacia, osteitis fibrosa and osteosclerosis. The first is due to an acquired resist-
ance to vitamin D, and the second to hyperparathyroidism, but the origin of the
third is obscure. All three may coexist.

a) Vitamin D

It is now established that vitamin D, (cholecalciferol) after absorption from
the gut is hydroxylated in the 25-position by the liver, (STamp, 1973; DELUCA,
1969) and is then transported to the kidney where it is further hydroxylated in
the 1-position (Lawsox et al., 1970), forming 1,25-dihydroxycholecalciferol, which
is the active metabolite of vitamin D, and which promotes the absorption of
calcium from the intestinal lumen (MYRTLE and NorMmaN, 1971). The kidney is
apparently the only site of 1-hydroxylation (FRASER and KobpiCEK, 1970); with
severe renal damage there is an acquired resistance to the action of vitamin D,
impaired gastrointestinal calcium absorption (STANBURY and Lums, 1962) which
can be reversed by the administration of 1,25-dihydroxycholecalciferol (BRICKMAN
et al., 1972). The skeletal consequence is osteomalacia, or, in the child, rickets.

b) Parathormone

Radioimmunoassay techniques have shown that plasma parathormone con-
centrations are high in chronic renal failure (BErRsoN and Yarrow,1966 ; RE1ss etal.,
1969) though there is some doubt about the identity with parathormone of the
immunoreactive material in uraemic serum. The hyperparathyroidism is a second-
ary response to the hypocalcaemia which develops reciprocally with hyperphos-
phataemia, and is aggravated by the calcium malabsorption referred to above.
Hyperparathyroidism tends to restore phosphate equilibrium by stimulating
phosphate excretion, but results in osteitis fibrosa characterised by sub-periosteal
cystic erosions. Occasionally autonomous hyperparathyroidism develops, neces-
sitating parathyroidectomy (FINE et al., 1970b). This situation may be recognised
by spontaneous development of hypercalcaemia or by failure to induce healing of
the bony lesions with vitamin D without causing hypercalcaemia.

Hyperphosphataemia may result in metastatic calcification, with pruritus or
corneal irritation (BERLYNE and SHaw, 1967).

¢) Evolution of Osteodystrophy

Radiologically evident osteodystrophy is rare in the first year of life. At onset
the lesion is principally rachitic, associated with hypocalcaemia. It may be demon-
strable in the knee before the wrist. At this stage it is relatively easy to treat
with moderate doses of vitamin D (DENT et al., 1961), and the gait may recover
with gratifying speed due to improvement in the associated myopathy. If left
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untreated, however, the parathyroid reaction develops, the serum calcium rises,
the bony lesion apparently improves transiently but then deteriorates into osteitis
fibrosa and becomes much less amenable to vitamin D therapy (Figs. 4 and 5).

Fig. 4 Fig. 5

Fig. 4. Rachitic changes in the wristes of a ten-year-old boy with chronic renal failure due to
juvenile nephronophthisis

Fig. 5. Index finger from the same x-ray as Fig. 4 showing sub-periosteal erosions and ab-
sorption of the tufts of the distal phalanx indicative of hyperparathyroidism

4. Haematological Consequences

Anaemia is due to failure of erythropoietin production (NATHAN et al., 1971)
and impaired iron absorption (Lawson et al., 1971). There is a haemolytic com-
ponent that responds to dietary protein restriction (SHAW, 1968) and there may
be blood loss due to gastritis or a bleeding tendency secondary to the acquired
disorder of platelet function that characterises uraemia (RABNER, 1972). Most
patients come to terms with their anaemia, and transfusion should be avoided,
for it carries special risks in patients with chronic renal failure: pulmonary oedema
due to volume overload; serum hepatitis, which would preclude admission to a
dialysis programme; and sensitisation to leucocyte antigens leading to hyperacute
transplant rejection.

5. Growth

Growth impairment is usual in children with chronic renal failure. Many
factors are involved (WEST and SmritH, 1956): anaemia, infection, acidosis, de-
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hydration, osteodystrophy, uraemia and poor calorie intake. Correction of a
metabolic acidosis occasionally results in catch-up growth (PRADER et al., 1963).
Osteodystrophy has been referred to above. A poor calorie intake seems to be a
factor of major importance in many cases (SIMMONS et al., 1971; CHANTLER and
Horiipay, 1973).

IV. Practical Aspects of Conservative Management

1. Elimination of Reversible Causes of Renal Failure

There are three major reversible causes of acute-on-chronic renal failure:
urinary obstruction, infection and saline depletion. To these may be added hyper-
calcaemia and nephrotoxins. Of these the most subtle is saline-depletion. As
discussed on p.5 the serum sodium concentration is of little help, and the
diagnosis rests on clinical signs rather than laboratory investigations. If the blood
pressure is normal, it is always worth increasing the dietary sodium intake to see
if renal function improves.

2. Dietary Control

The dietary aspects of the management of chronic renal failure are listed in
Table 2. Manipulation of a child’s diet is both a major undertaking for the patient

Table 2. Dietary considerations in the management of chronic renal failure

Clinical Feature Dietary Consideration

Uraemia Protein

Hypertension Sodium

Osmolar disturbance Water

Hyperkalaemia Potassium

Acidosis Alkali

Osteodystrophy Calcium, phosphorus and Vitamin D
Anaemia Iron and vitamins

Growth failure All of the above and Calories

and his family, and may have far-reaching medical effects. It is important,
therefore, that the physician co-operate closely with a dietician experienced in
the management of children on restricted diets, and that the diet is constantly
reviewed to ensure that the child’s actual intake (as opposed to recommended in-
take) is appropriate for his size, maturity and level of renal function. Experience in
the management of children with renal failure indicates that common mistakes
are unnecessarily severe protein restriction, failure to recognise salt wasting states,
and inadequate consideration of the child’s changing requirements during weaning.

The dietary protein intake should be reduced to maintain the blood urea con-
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centration about 100 mg/100 ml, but it is usually unwise to reduce the intake
of protein below 1 G/kg body weight/day. The dietary sodium intake should be
related to the blood pressure ; allowance must bemade for the sodium in any alkali
prescribed. If hyperkalaemia is evident the dietary potassium intake should be
restricted to 1 mEq/kg body weight/day, and calcium resonium (1 G/kg body
weight/day) added if this restriction is inadequate. A calorie intake of at least 100
cals/kg body weight/day should be the goal. A complete vitamin intake should be
maintained, and further provision of iron and calcium may be necessary.

3. Medical Complications

Hypertension unresponsive to dietary sodium restriction or diuretics may need
treatment as detailed in Chapter D. Acidosis should be treated in the first instance
with NaHCO, 2mEq/kg body weight/day, provided the sodium load is tolerable
and hypocalcaemia corrected.

Osteodystrophy should be detected early, and six monthly x-rays of wrist
and knee during the peak risk period of 1—4 years of age are necessary in children
with a blood urea concentration over 60 mg/100 ml. When radiological evidence
of bone disease is present, vitamin D 10,000 i.u./day should be started, and in-
creased slowly till healing occurs. The serum calcium concentration must be
monitored. The serum phosphate concentration should be maintained between
4 and 6 mg/100 ml with aludrox (up to 0.5 ml/kg body weight/day).

It is important to give some consideration to the overall effects of multiple
prescription in children with chronic renal failure. Such a child may jbe receiving
a diuretic; an antihypertensive agent; an antibiotic; calcium resonium; vitamin
D; aludrox; and supplements of iron, calcium and vitamins. Although each item
may have a rational indication, the total effect is to burden the child and his
family with a complex ritual of administration of medicines that may result in a
resistant attitude in the child which interferes with other aspects of treatment,
particularly dietary control.

4. Planning for the Future

At some stage in the progress of a child with renal failure the decision must be
taken whether the child is suitable for dialysis and transplantation, and if so
whether facilities are available for his treatment. There is an optimum stage of the
illness for such a decision to be taken—about six months before dialysis is actually
required. The critical plasma creatinine concentration is about 5-8 mg/100 ml,
the actual level depending upon the rate of progression of the renal disease. If the
subject of transplantation is considered too early, the family may be caused
unnecessarily protracted anxiety, but if too late, inadequate time may be left
for full evaluation of the attitudes of the family and for negotiation with dialysis
and transplant units. Many urologists and nephrologists who have responsibility
for the care of children with chronic renal failure do not themselves control the
admission of patients to dialysis or transplant programmes, and must be careful
not to give false promises, either explicit or implicit, that treatment will be
available when necessary. Close liason with dialysis and transplantation centres
is essential.
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V. Regular Haemodialysis

Haemodialysis and transplantation are not competitive, mutually exclusive
techniques. Both have a role in the management of the uraemic child, and their
proper integration is the cornerstone of successful treatment. In America the
emphasis in paediatric renal replacement programmes has been towards live-
donor transplantation with only short periods of preparative haemodialysis (FINE
et al., 1970a; PoTTER et al., 1970b), whereas European programmes have been
more strongly orientated to cadaver-donor transplantation, often necessitating
prolonged periods of haemodialysis in hospital (BROYER et al., 1972b) or in the
home (BouLToN-JONES et al., 1971; BAILLOD et al., 1972).

1. Access to the Circulation

Standard external arteriovenous shunts (QUINTON et al., 1960) can be used
in peripheral vessels in children down to 20 kg; in smaller children either special
cannulae (BUSELMEIER et al., 1971) are necessary or proximal vessels must be used.
Subcutaneous arteriovenous anastomoses (BRESCIA et al., 1966) have been satis-
factorily established in children (LINSTEDT et al., 1971), but the necessity for
repeated venepuncture hinders their acceptance by the child. The creation of a
saphenous vein autograft shunt (MaY et al.,1969; D’ ApPRUzzO et al.,1972) facilitates
needling. Limb growth has not been affected by these fistulae.

2. Equipment and Dialysis Routine

Some modification of standard dialysis equipment has proved necessary for
younger children. The priming volume has been reduced to less than 10 per cent
of the child’s blood volume, principally by attention to the size of the blood lines.
The urea clearance of the dialyser should not exceed 3 ml/min/kg body weight
(KJELLSTRAND et al., 1971). In hospital, the dialysis routine is often dictated by
the space available in the dialysis unit, but with home dialysis greater flexibility
is possible. BATLLOD et al. (1972) have preferred 6-hour periods on 5 nights each
week.

3. Medical Problems

The principal medical problems are growth, sexual maturation and osteo-
dystrophy. An early report from HuTcHINGS et al. (1966) of a pre-adolescent girl
who did not grow or enter puberty on dialysis has subsequently been shown to be
unduly pessimistic, as this patient was found to have XO chromosomal constitu-
tion (GRUMBACH, 1970). Normal growth rates are occasionally achieved, particu-
larly in younger children, but catch-up growth is very rare (CAMERON, 1973). An
important factor appears to be calorie deficiency due to anorexia and distaste for
restricted diets (StMMONS et al., 1971).

Recent studies (BROYER et al., 1972a) suggest that sexual maturation can
proceed normally, and the onset of menstruation has been reported.

The problems of osteodystrophy are not resolved by haemodialysis (FINE et al.,
1972); indeed, the incidence of bony problems increases with the duration on
dialysis, and in a recent survey (MEHLS et al., 1972) one fifth of the children on
dialysis had obvious skeletal deformities.
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A major problem that has emerged in the treatment of chronic renal failure
by haemodialysis has been the development of serum hepatitis, placing at risk
not only patients but also medical personnel (RosENmEIM, 1972). For this reason
it is important to screen individuals for Australia (hepatitis-associated) antigen
and antibody before admission to dialysis programmes, and to be very cautious
in the use of blood and blood products in these patients.

4. Psychological Problems

The psychiatric strain on the child of extended haemodialysis is discussed by
Frawoars et al. (1970) and by RammBavrt (1973). It is clear that these problems
loom large in all published series, and considerable attention must be given to
the arrangement of psychiatric support in dialysis programmes. This is especially
true of home haemodialysis in which the mother is asked to carry an almost
intolerable burden of responsibility for one child, leading to feelings of guilt for
neglecting the rest of the family (CAMERON, 1973).

5. Results

By short-term technical criteria, chronic haemodialysis is a reasonably success-
ful treatment of an otherwise fatal illness in childhood, and the actuarial survival
at 2 years is 88 per cent (SCHARER et al., 1972). There is every reason to believe that
the results obtained in adults, with 81 per cent survival at 6 years (MOORHEAD
et al., 1970) can be achieved in children.

VI. Transplantation

Renal homotransplantation has now been reported in some 300 children
(STARZL et al., 1966 ; WILLIAMS et al., 1969 ; GONZALES et al., 1970; LA PLANTEet al.,
1970; POTTER et al., 1970a; NAJARIAN et al., 1971; FINE et al., 1971; L1LLY et al.,
1971 ; HuLME et al., 1972; SCHARER, 1972), and experience has now accumulated
sufficient to draw some conclusions on the technical aspects of paediatric trans-
plantation, even if psycho-social problems remain unresolved.

1. Recipient Selection

Most centres have restricted transplantation to children at least five years of
age and with a usable bladder, though some have not been deterred by lower
urinary tract abnormalities (TUNNER et al., 1971). There has been some anxiety
about the transmission of recipient disease to the transplant, particularly in cases
of glomerulonephritis with crescents (PoTTER et al., 1970a) and focal glomerulo-
sclerosis (HoYER et al., 1972). Children anuric after an episode of the haemolytic-
uraemic syndrome have been successfully transplanted (CERILLI et al., 1972).
Oxalosis has progressed after transplantation (CAMERON, 1973), but in cystinosis
the transplanted kidney has not developed the Fanconi syndrome (MAHONEY et al.,
1970). Several children have now been transplanted after bilateral nephrectomy
for Wilms’ tumour (e.g. NAJARIAN et al., 1971).
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There are a number of reports of transplantation in children under the age of
5 years (e.g. MARTIN et al., 1969; NAJARIAN et al., 1971; CERILLI et al., 1972),
but the suitability of such young children for renal transplantation must at the
time of writing remain an open question.

2. Donor Selection

It has proved possible to transplant adult kidneys into children down to about
10 kg body weight. Live-donor transplants, especially from parents, have been
commonly used, in spite of the inevitably unsatisfactory HL-A histocompatibility
that this policy implies. However, the alternative policy of seeking HL-A identical
cadaver kidneys necessitates much longer periods on dialysis. Identical twins and,
on average, one in four siblings will have HL-A identity with the patient, but the
use of live-donors under the age of 18 years raises severe ethical problems (CUr-
RAN, 1972).

Cadaver kidneys from children have been shown to hypertrophy after trans-
plantation (FINE et al., 1971). The attractive idea of using kidneys from stillborn
or anencephalic foetuses has, with the notable exception of the case reported by
MARTIN et al. (1969), not proved successful.

3. Technical Aspects

The standard extraperitoneal approach for transplantation in adults is appli-
cable in children down to 35 kg body weight; below this weight the mid-line
transperitoneal approach described by STARZL et al. (1964) has proved more
satisfactory. Ureteric complications of transplantation, particularly fistulae, have
been as troublesome in children as in adults (EDELBROCK et al., 1971).

4. Immunosuppression and Medical Problems

All the fearsome complications of transplantation and of immunosuppressive
therapy observed in adults have been reported in children (CaMERON, 1973). In
addition, the corticosteroids used may impair growth, but the relationship between
growth failure and steroid dosage is irregular (NAJARIAN et al., 1971); catch-up
growth is sometimes observed after transplantation, particularly in boys with
bone-age less than 12 years (FINE, 1972). In general, osteodystrophy regresses
after successful transplantation (FINE et al., 1972). Sexual maturation usually
proceeds normally, and there are several examples of successful pregnancies in
girls who had received their transplant before puberty (LILLY et al., 1971). Psycho-
logical problems remain, however, particularly with the effect of corticosteroid
therapy on the facial appearance of adolescent girls.

5. Results

The 2-year graft survival for cadaver donors in children is between about 40
(BARNES et al., 1972) and 55 per cent (SCHARER et al., 1972) and for parent donors
about 65 per cent (BARNES et al., 1972) (Table 3). These figures are as good as,
if not better, than corresponding data for adult patients. They are, of course,
less than patient survival; after graft failure the patient may return to dialysis
and receive a second graft.
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Table 3. Results of renal transplantation in children. Data from Ninth Report of the Human
Renal Transplant Registry (BARNES et al., 1972). Graft survival is, of course, less than
patient survival: after graft failure the patient may return to dialysis and receive a second
graft

One year post-transplant Two years post-transplant

Donor  Recipient ~ Number of

age (yrs) Transplants Patient Graft Patient Graft

Survival Survival Survival Survival

%+SE  %+SE  %%SE  O,+SE

Parent 0-5 6 30+ 20 30+ 20 30+ 20 30+ 20
6-10 51 78+6 70+17 75+ 17 70+ 7
11-20 415 7442 67+2 68+2 59+3
Cadaver 0-5 30 51+10 40+9 45+ 11 26+9
6-10 40 53+ 8 42+ 8 45+ 9 36+8
11-20 316 65+ 3 49+ 3 53+3 41+ 3

VII. Conclusions

In the absence of precise information on the long-term survival of transplanted
kidneys and the severe stress imposed upon the child and his family during
treatment by dialysis and transplantation, some authors have questioned the
wisdom of submitting any children to these forms of treatment (RiLey, 1964;
REINHARDT, 1970). It seems too early to arrive at final conclusions on this point,
but it is relevant to compare dialysis and transplantation with other programmes
for the treatment of fatal illness in childhood. Both the results of treatment and
the quality of life are superior to those achieved in the treatment of leukaemia
and other childhood malignancies. It is likely that the financial cost of the two
forms of treatment is of the same order. Similarly, renal replacement programmes
compare favourably with the current treatment of children with spina bifida.
Thus by standards currently applied to other areas of paediatrics, dialysis and
transplantation with present-day results seem an acceptable form of treatment
for children with end-stage renal failure.
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I. Introduction

Arterial hypertension is uncommon in children, but may complicate a wide
variety of diseases (LogGIE, 1971); in this chapter, attention will be particularly
directed to those aspects which the paediatric urologist is most likely to encounter.

Taking the blood pressure is an essential part of the routine physical examina-
tion of all children, especially those with urological disorders as they have an
increased risk of developing hypertension, particularly after surgery (BERENS et al.,
1966). It is, however, commonly omitted or incorrectly performed because an
accurate recording of the blood pressure in young children demands both patience
and skill. As it is one of the more difficult techniques of the physical examination,
it should be performed by the doctor, and not delegated to the junior nurse.

I1. The Normal Blood Pressure

Technical aspects of recording the blood pressure are reviewed by Moss and
Apams (1962, 1965) and more recently by LoeGIE (1971). The most common error
is to use too small a cuff, which leads to erroneously high estimates of the arterial
blood pressure. A useful rule is that the correct cuff is the largest one that can
conveniently be applied to the upper arm and that the cuff size should be recorded
with the blood pressure reading. The 2.5 cm cuff is almost always too small, even
in neonates, and results obtained with its use should be regarded with consider-
able scepticism. There are reports of inappropriate treatment of normotensive
infants after such incorrect estimates of the blood pressure (HANSEN and STICKLER,
1966). Under one year of age the systolic blood pressure recorded with the 2.5 cm
cuff is apparently 20 mm Hg higher than that with the 5 cm cuff (Long et al.,
1971). In this age group, the “flush” method (GoLpRING and WOHLMANN, 1952)
should be used to confirm the auscultation estimate: by this technique the results
approximate to the mean arterial pressure and are apparently less dependent on
cuff size (Moss et al., 1957). An atmosphere of calm is essential, for anxiety may
elevate both the systolic and diastolic blood pressure of children (CLayToN and
Hucass, 1952).

Standards for blood pressure in healthy children under conditions of outpatient
attendance are given by Moss and Apams (1962) and by LonDE (1968) (Table 4.)
Even so, it is difficult to decide what constitutes the upper limit of normal blood
pressure ; if thisis taken to be the ninety fifth percentile for age, then inevitably a few
apparently normal children will be considered to be hypertensive. In a series of
seventy four such children, no aetiological factor related to hypertension could
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be discerned in sixty nine (LONDE et al., 1971), but it is not yet clear whether this
group represents the expected statistical tail of a normal distribution or the
prodrome of essential hypertension in later life.

In the neonate, Youna and CoTrToM (1966) found the systolic blood pressure
in the lower aorta to be 70 + 8 and diastolic 44 + 7 mmHg ( +SD).

Table 4. Blood pressure standards for normal children as determined under out-patient con-
ditions. From LoxNDE (1968)

AGE (yrs) 3-5 6-9 10-15
Systolic blood pressure (mmHg)
Mean—male 89 108 118
female 100 108 118
95th percentile—male 114 125 137
female 118 127 139
Diastolic blood pressure (mmHg)
Mean—male 58 62 66
female 59 64 67
95th percentile—male 75 76 79
female 75 79 80

III. Saline Dependent Hypertension

In advanced renal failure, hypertension is commonly associated with other
features of extracellular fluid volume expansion, namely peripheral or pulmonary
oedema, raised jugular venous pressure, cardiomegaly and heart failure. Signif-
icant saline overload causing hypertension, may, however be present without
any of these clinical features, but recent weight gain is sometimes a useful clue.
In this situation, the blood pressure can be lowered by saline removal such as
may be achieved by dietary salt restriction, diuretics or dialysis (MERRILL et al.,
1961), and satisfactory blood pressure control is associated with a fall in the
total exchangeable sodium to normal (BLUMBERG et al., 1967). In some cases with
advanced renal failure, however, the hypertension is refractory to saline depletion;
these patients have higher levels of plasma renin activity (WEIDMANN et al., 1971)
and may require bilateral nephrectomy for blood pressure control. The hyper-
tension of acute nephritis may similarly be dependent on saline overload: treat-
ment with frusemide results in reduction of the duration of the hypertension
(RETAN and DILLON, 1969).

The mechanism by which saline overload causes hypertension has not been
precisely established. It has been suggested that under such circumstances the
arterioles are sensitised to circulating pressor substances (BRUNNER et al., 1972).
LEepinegHAM (1971) has reviewed this problem and proposed that the initial result
of saline overload is an increase in cardiac output, but that whole body auto-
regulation then restores cardiac output and tissue perfusion towards normal,
leaving hypertension unaffected because of a rise in intrinsic vascular resistance.
This sequence has been observed in anephric man following saline loading (CoLE-
MAN et al., 1970).
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IV. Renin-Angiotensin Hypertension

1. Renin-Angiotensin-Aldosterone System

Renin is a proteolytic enzyme elaborated by the juxtaglomerular apparatus
and acts upon its substrate, an a,-globulin synthesised in the liver, to form the
decapeptide, angiotensin I, which in turn is transformed to an octapeptide,
angiotensin II, by a converting enzyme in the plasma and lungs. Angiotensin II
has two important biological actions: it is the most potent pressor substance
known and it is also an effective stimulus of aldosterone secretion by the zona
glomerulosa of the adrenal cortex. Aldosterone causes sodium retention by stimu-
lating sodium/potassium exchange in the distal tubule. For reviews of this com-
plicated subject and its relation to hypertension the reader should consult PEART
(1965).

In the experimental animal, it has long been known that the renin-angio-
tensin system is implicated in the genesis of some forms of hypertension. In the
classic experiments of GOLDBLATT et al. (1935), constriction with a clip on one
renal artery results in hypertension which is reversible if that kidney is removed
within a short period of time. If a longer period is allowed to elapse after the
application of the clip the hypertension is not cured by nephrectomy, but is
perpetuated by vascular changes in the contralateral kidney. It is disturbing,
however, that immunisation of rabbits against angiotensin II, which blocks the
action of infused angiotensin, does not protect against renal-clip hypertension
(Louis et al., 1970), and other mechanisms may be involved.

Understanding of the clinical counterpart of the animal models had to await
the development of sensitive specific assays for plasma renin activity and angio-
tensin II concentration (Boyp et al., 1970). It is now clear that the renin-angio-
tensin system is involved in a causative or perpetuating role in several varieties
of human hypertension: renal ischaemia due to renal artery stenosis, many
varieties of parenchymal renal disease especially when the blood pressure is
resistant to saline depletion (WEIDMANN et al., 1971), rare renin secreting tumours,
namely haemangiopericytoma (ROBERTSON et al., 1967), or occasional Wilms’
tumours (MITCHELL et al., 1970) and some individuals with malignant hypertension.
In all these situations, secondary hyperaldosteronism with hypokalaemia may
develop, due to the stimulation of aldosterone secretion by angiotensin IT.

2. Renovaseular Hypertension

a) Pathology

Renal artery stenosis and hypertension have been reported in the neonate
(ANGELLA et al., 1968; FormBY and EMERY, 1969; LouNaqQuvisT and WALLGREN,
1962; ScamMiDT and RaMBo, 1965). It is sometimes familial (BERGSTEIN et al., 1971).
There is an association between renal artery stenosis and the rubella syndrome
(MENSER et al., 1966), idiopathic hypercalcaemia (WILTSE et al., 1966), Marfan’s
syndrome (LOUGHRIDGE, 1959) and neurofibromatosis (Fig. 6) (HALPERN and
CURRARINO, 1965; BOURKE and GATENBY, 1971).

The pathological lesion may be hypoplasia, intimal hyperplasia, fibromuscular
hyperplasia, arteritis or external compression. Curiously, the arterial lesion of
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Fig. 6. Right renal artery stenosis demonstrated by aortography in a 5-year-old girl with

neurofibromatosis and malignant hypertension. She also had an occlusion of the right internal

carotid artery at its bifurcation. The hypertension was completley controlled by nephrectomy
after a failed attempt at revascularisation

neurofibromatosis is not due to external compression by neurofibromata, but to
degeneration. A phaeochromocytoma may compress the renal artery and lead to
particularly difficult diagnostic problems (WEIDMANN et al., 1969). The disease is
actually or potentially bilateral in some cases and may be associated with coarc-
tation of the abdominal aorta (FisHER and CorcorAN, 1952 ; ScumIpT and RAMBO,
1965); this association can also complicate neurofibromatosis or therapeutic
irradiation of the abdomen in infancy (CoLquBOUN, 1966). There may be stenosis
of a branch of the renal artery (N1ALL and MurPHY, 1965; LAMBETH et al., 1960)
and occasionally the renal artery is replaced by many smaller vessels (Fig. 7).

Other renovascular abnormalities that have caused hypertension in children,
are aneurysm (GROssMAN and BaBBIT, 1967), arteriovenous fistula (Long et al.
1964) and a corkscrew-like malformation of an intrarenal vessel (LEUMANN et al.,
1970).

The kidney distal to an obstructive arterial lesion shows on histological ex-
amination, ischaemic tubular atrophy and juxtaglomerular hyperplasia (Goor-
MATIGH, 1940).

b) Functional Aspeets

The ischaemic kidney secretes renin. However, not all cases of renal artery
stenosis have elevated plasma renin activity (BROWN et al., 1965) or angiotensin I1
concentration (CATT et al., 1971); presumably self-perpetuating mechanisms of
hypertension are involved analogous to those observed by GOLDBLATT et al. (1934)
in experimental animals. The hypertension does not always respond to arterial
reconstruction or nephrectomy: the best preoperative prediction of response is
not the peripheral venous plasma renin activity, but the differential renal venous
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Fig. 7. Left renal arterial anomaly demonstrated by aortography in a 4-years-old girl with
malignant hypertension. The left renal artery is replaced by a leash of vessels. Nephrectomy
controlled the blood pressure

renin activity (MICHELAKIS et al., 1967; FoSTER et al., 1966). Individuals with
high plasma renin activity usually have secondary hyperaldosteronism; in ad-
dition to hypokalaemia they are usually hyponatraemic in contrast to patients
with Conn’s syndrome in whom the plasma sodium concentration tends to be at
the upper limit of the normal range.

On the affected side the glomerular filtration rate and renal plasma flow are
reduced. There is enhanced fractional proximal tubular reabsorption of sodium
and water so that, compared to the contralateral normal kidney, the urine flow
rate and sodium concentration are reduced but the urea and creatinine concen-
tration and osmolality are increased (Van GIESEN et al., 1964). This disparity is
enhanced during water diuresis, and is the basis of the divided renal function
tests described by STAMEY et al. (1960) and Howarp and Conxnor (1962): the
characteristic finding of renovascular hypertension is a decrease of urine flow
rate of more than fifty per cent and of sodium concentration of at least twenty
per cent on the affected side. The same functional disturbances account for the
characteristic appearances of the ischaemic kidney on renography or intravenous
urography: there is delayed uptake of the radioactive hippuran or contrast medium
because of the diminished renal plasma flow, but the enhanced proximal sodium
reabsorption results in increased density and duration of the nephrogram and
also increased density of the pyelogram (Fig. 8).

A rare functional disturbance of renal artery stenosis is increased erythro-
poietin production leading to erythrocytosis (LUKE et al., 1965).

¢) Investigation

The key investigations in the diagnosis of renovascular hypertension are the
intravenous urogram and the renal arteriogram; all children with unexplained
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Fig. 8. Intravenous pyelogram of the girl illustrated in Fig. 7: the left kidney is smaller than
the right, and the contrast medium is more concentrated

severe hypertension should be examined by both procedures. The incidence of
renal arterial lesions in children is low, and there is no systematic experience of
the reliability of other methods of diagnosis or assessment in this age group. To
some extent, the paediatric problem is different from that of adult medicine:
as all children with unexplained hypertension will have renal arteriography, the
reliability of screening procedures such as isotope renography in detecting renal
ischaemia is less critical. Equally, as the cure rate of the hypertension by arterial
reconstruction or nephrectomy is high, the decision to operate is less influenced
by preoperative predictions from differential renal function studies or renal
venous renin estimations.

The intravenous urogram requires special care, and the radiologist must be
consulted first. Films should be taken in rapid sequence in the first few minutes
after injection of the contrast medium, as its appearance is delayed on the affected
side (MAXWELL et al., 1964). The affected kidney is smaller, has a dense prolonged
nephrogram and excretes more concentrated contrast medium than the normal
kidney, particularly during a water load. However, the intravenous urogram may
be normal in children with renovascular hypertension (LocGIE, 1971).

Transfemoral renal arteriography in children has a low morbidity in ex-
perienced hands; PorsTMAN (1970) reported only five serious complications in
two hundred and forty one arteriograms; in three there was transient deterioration
of renal function and in two there was occlusion of the femoral artery. Both
kidneys and the abdominal aorta must be examined: for this reason aortography
is perhaps to be preferred to selective injection into the renal artery, though the
latter is essential if branch stenosis is to be excluded. The hypertension should be
controlled before aortography.
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Differential renal function tests are difficult to perform and are prone to error,
particularly in children. The results predict the response to surgery well, but
probably not as well as renal venous renin determinations, and recent opinion
favours the latter investigation (LogeIE, 1971), which may conveniently be under-
taken at the same time as arteriography.

d) Treatment

Conservative arterial reconstruction is the treatment of choice in children
with unilateral disease, and several successes have been reported (HUNTER et al.,
1965). However, the technical procedures are not simple, and it is common to
have to resort to nephrectomy (CorRAN and SCHUSTER, 1968). The latter authors
report the cure of hypertension in eight of nine children with unilateral renal
artery stenosis.

3. Predominately unilateral Renal Disease

Difficulties commonly arise in the management of hypertensive children with
bilateral renal parenchymal disease when one kidney is much more severely affected
than the other: the physician must decide whether nephrectomy is likely to result
in relief of hypertension or merely in loss of valuable nephrons without blood
pressure control. A unilateral hypoplastic, dysplastic or pyelonephritic kidney
may contribute little to renal function yet be the cause of severe hypertension.
Two special pathological variations deserve mention: segmental hypoplasia
(RoYER et al., 1971) and the kidney following renal venous thrombosis (PERRY and
TAYLOR, 1940). In segmental hypoplasia (the Ask-Upmark kidney: Ask-UPMARK
et al., 1929) hypoplastic and dysplastic changes are confined to one reniculus;
the rest of the kidney is normal or exhibits histologically the sequelae of hyper-
tension. The lesion may be the consequence of an arterial occlusion early in
development. Hypertension may also follow an episode of renal venous throm-
bosis, the kidney gradually shrinking over a period of some weeks. Children in
whom renal venous thrombosis has been treated conservatively should be followed
up for many years in order to have early warning of the development of high
blood pressure. It is often difficult to dissect the contributions of dysplasia,
pyelonephritis and renovascular accident to the genesis of a unilateral small
kidney associated with hypertension.

If the contralateral kidney is apparently normal or preferably hypertrophied,
and if it can be shown by blood background subtraction isotope renography that
the function of the affected kidney is negligible, then clearly it is reasonable to
undertake nephrectomy in the hope that the blood pressure will fall. The pessi-
mism of SmrtH (1956), who surveyed the published literature and concluded that
only 26 per cent of cases treated by nephrectomy were cured, may not be appli-
cable to the paediatric age group, where the therapeutic yield seems to be some-
what greater. His stringent criteria of a cure remain valid, particularly the
requirement that the blood pressure should be normal at least one year after
operation. If the disparity of function between the two kidneys is less marked,
or if both kidneys show evidence of pathological change, then medical therapy
is to be preferred. If medical treatment fails it may be possible to identify the
site of inappropriate renin release by renal venous catheterisation and renin
estimation. However, no guide lines have been established for deciding which
kidneys should be removed, and if there is doubt, a conservative approach should
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be adopted, for removal of functioning renal tissue without blood pressure control
is unfortunate for an individual whose renal function is already compromised.
Furthermore, with some pyelonephritic kidneys the hypertension occasionally
subsides after some years of medical treatment.

4. Renal Tumours

Hypertension is occasionally a feature of Wilms’ tumour (Kooxs and Rucw,
1940; HucHss et al., 1949) and has been reported to ameliorate following surgery
only to return with recurrence of the tumour (BRADLEY and PIiNcorrs, 1938).
Plasma renin activity may be high (SPERGAL et al., 1969) with secondary hyperal-
dosteronism and hypokalaemia. In some cases this may be the result of renal
ischaemia due to distortion of renal vasculature, but this mechanism does not
account for the return of hypertension with metastasis, and in the case of MITCHELL
et al. (1970) renin was found in the tumour but not in the surrounding normal
kidney tissue. The findings suggest inappropriate renin secretion by the tumour
(LEE, 1971).

Tumours of the juxtaglomerular apparatus (haemangiopericytoma) have been
described (ROBERTSON et al., 1967) which secrete renin; except for the plasma
renin activity, the condition mimics Conn’s syndrome and may be extremely
difficult to diagnose. In ROBERTSON's et al. (1967) case, for example, the tumour
was only discovered on laparotomy and was not visualized by renal arteriography.
The youngest case reported was aged 13 years (HobpeE, 1971).

V. Corticosteroid Hypertension

1. Aldosterone

Aldosterone is synthesised in the outer zone (zona glomerulosa) of the adrenal
cortex (CATHRO, 1969). Its secretion rate is controlled by corticotrophin, angio-
tensin I1 and the plasma potassium concentration. The main action of aldosterone
is to enhance the sodium/potassium exchange mechanism in the distal nephron
leading to sodium retention and urinary potassium loss. Primary aldosteronism,
described by Conx (1955), is characterised by mild hypertension, hypokalaemic
alkalosis and depressed plasma renin activity; the abnormalities are reversed by
the aldosterone antagonist spironolactone. The tumours causing Conn’s syndrome
are small, so that preoperative and operative localisation is difficult. This syn-
drome is rare in childhood, but has been described in a few cases (NEwW and
PETERSON, 1968), and the youngest reported child was three years of age (CAVELL
et al., 1964).

The classical picture of Conn’s syndrome is well established, but it is not clear
to what extent normokalaemic hypertension may be attributed to adrenal
adenomata (ConNw, 1965). Furthermore, several syndromes have been described
(see LEDINGHAM, 1969, for review) which may mimic primary aldosteronism to a
greater or lesser extent, and some of these occur in children. LIDDLE et al. (1964)
described a family with hypokalaemic hypertension but low aldosterone secretion
rates. There are two hypertensive varieties of congenital adrenal hyperplasia.
114-hydroxylase deficiency (STEMPFEL and ToMKIN, 1966) accounts for about
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ten per cent of children with congenital adrenal hyperplasia: there is virilisation
with elevated 17-oxosteroid (previously called 17-ketosteroid) excretion and
hypertension due to excessive desoxycorticosterone secretion. Deficiency of 17-
hydroxylase has been described (BIGLIERI et al., 1966) in adolescent females with
hypokalaemic hypertension and deficient secondary sexual development: in this
syndrome the 17-oxosteroid excretion is low. In both varieties the cortisol defi-
ciency, corticotrophin excess and aberrant steroid production with its attendant
clinical features can be remedied by treatment with cortisol.

2. Cortisol

Glucocorticoid excess may cause hypertension, as for example, in Cushing’s
syndrome (RAITI et al., 1972) or during treatment with cortisone or prednisone.
In younger children the clinical features are usually so dramatic that clinical
diagnosis is easy; more difficult are older obese girls who may have a moderately
elevated 17-oxogenic steroid excretion and in whom it is not clear whether the
apparent hypertension is due to a cuff artefact. In such children the cortisol
secretion rate should be measured.

VI. Catecholamine Hypertension

1. Physiology

Adrenaline (epinephrine) and noradrenaline (norepinephrine) are the principal
biologically active catecholamines (CATHRO, 1969). Noradrenaline is synthesised
from tyrosine by way of dihydroxyphenylalanine (DOPA) and dopamine. Me-
thylation of noradrenaline produces adrenaline.

Adrenaline is the main hormone of the adrenal medulla, whereas noradrenaline
is the catecholamine liberated by post-ganglionic sympathetic nerves and extra-
adrenal chromaffin tissue. There are two types of target organ receptor for
circulating catecholamines (AHLQUIST, 1967): a-receptors, blocked by phentol-
amine, mediate smoothe muscle constriction whereas stimulation of {-receptors,
blocked by propranolol, cause smoothe muscle relaxation. Noradrenaline acts
essentially on a-receptors, whereas adrenaline stimulates both « and B-receptors.

The catecholamines are metabolised by O-methylation to metadrenaline and
normetadrenaline and subsequent oxidation to 3-methoxy-4-hydroxy-mandelic
acid (HMMA; syn. vanillylmandelic acid, VMA). HMMA is quantitatively the
most important metabolite of infused catecholamines. Occasionally dopamine is
secreted by chromaffin tumours: it is metabolised to homovanillic acid (HVA).

2. Pathology

Functioning neural crest tumours in children may result in hypertension due
to catecholamine production (CATHRO, 1969). The commonest is the phaeochromocy-
toma (STACKPOLE et al., 1963), but functioning neuroblastoma and ganglioneuroma
also occur (KASER, 1966; VoorHESs, 1966). Phaeochromocytomata may arise
at any site on the sympathetic chain, but the most common site is, of course,
in the adrenal gland. Unusual sites are the renal hilum causing pressure on the renal
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artery (WEIDMANN et al., 1969; SERINGE et al., 1968), the bladder, where they
may obstruct the flow of urine (CoceIN et al., 1971), in the posterior mediastinum
and in the region of the carotid body. Extra-adrenal tumours occur with relatively
greater frequency in children than in adults (STACKPOLE et al., 1963).

Phaeochromocytomata are sometimes bilateral and sometimes familial (CoNE
et al., 1957). They may be associated with neurofibromatosis though, as SAXENA
(1970) points out, this relationship is very uncommon in children and such cases
as have been described are probably examples of SipPLE’s (1961) syndrome:
multiple mucosal neuromata, medullary carcinoma of the thyroid and phaeochrom-
ocytoma (LEvY et al., 1970). They have also been described in Von Hippel-
Lindau’s disease (WiseE and GiBsoN, 1971) and seem to occur with increased
frequency in association with congenital heart disease (REYNOLDS and GILCHRIST,
1966).

Most phaeochromocytomata in children are benign (STACKPOLE et al., 1963)
but they may occasionally be malignant.

3. Funetional Aspeects and Diagnosis

Noradrenaline secreting tumours cause hypertension which in children is more
commonly sustained than paroxysmal. Adrenaline secreting tumours are nearly
always confined to the adrenal medulla, and have more marked metabolic effects
such as weight loss, impaired carbohydrate tolerance, polyuria and constipation.
The most useful biochemical screen is, the measurement of the urinary excretion
of HMMA. This investigation should be undertaken in all children with malignant
hypertension even if there is another apparently satisfactory explanation for the
elevation of the blood pressure. Standards for the excretion of HMMA by healthy
children have been presented by McKENDRICK and Epwarps (1965) and by
HarvLiNex (1971). Methyldopa may interfere with some methods of estimation
of HMMA. Techniques for the measurement of the urinary excretion of adrenaline
and noradrenaline are more complex and normal data are less well established.
However, estimation of individual urinary catecholamines does have some value
in tumour localisation for, if adrenaline predominates, the tumour is virtually
certain to be in the adrenal gland. The estimation of plasma catecholamine
concentrations is even more technically demanding (CARRUTHERS et al., 1970),
and great care is required to eliminate error. Venous sampling from an inferior
vena caval catheter may, however, be of great assistance in localisation of the
tumour (Loaerr, 1971). Patients with malignant phaeochromocytomata and other
functioning neural crest tumours also excrete dopamine and homovanillic acid,
which are usually not present in excessive amounts in the urine of patients with
benign phaeochromocytomata.

If hypertension is due to a phaeochromocytoma administration of an agent
which blocks alpha sympathetic receptors will lower the blood pressure. Phentol-
amine (rogitine) is a short acting alpha-blocker; phenoxybenzamine (dibenyline)
has a more sustained action. The phentolamine test should be carefully controlled
and requires two people for its proper execution. An intravenous infusion is set
up, and the blood pressure recorded each minute. After injection of a saline
control, phentolamine is given intravenously in doses of 0.01 mg/kg body weight
rising to 0.1 mg/kg body weight. In cases of phaeochromocytoma there is usually
a dramatic but short lived response. Severe hypotension should be counteracted
by elevation of the feet rather than by the administration of pressor agents.
False positive results are common, particularly with severe renal hypertension
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or in patients on hypotensive therapy, and the test has only a marginal ancillary
value in establishing the diagnosis of phaeochromocytoma.

Occasionally, an intermittently functioning phaeochromocytoma may be
suspected in a normotensive individual and under these circumstances a provo-
cation test may be carried out. Three agents have been used: histamine, tyramine
(ENGELMAN and SJOERDSMA, 1964) and glucagon (0.01-0.02 mg/kg body weight
i v.; LAWRENCE, 1965). Histamine is rather dangerous and glucagon seems to
be the most satisfactory.

4. Location and Treatment

An abdominal tumour may sometimes be palpated, which may occasionally
precipitate a hypertensive crisis. A chest X-ray is essential. Careful intravenous
urography commonly reveals the site of the tumour, particularly if tomograms
are taken a few minutes after injection of the contrast medium when a vascular
soft tissue mass may be evident in the adrenal area displacing the kidney. The
definitive radiological procedure is aortography (Fig. 9), which should only be
undertaken after careful preoperative pereparation (see below) and is preferable
to presacral air insufflation. Aortography is always helpful, even if the site of the

Fig. 9. A large phaeochromocytoma above the right kidney demonstrated by aortography in
a girl aged 14 with malignant hypertension

tumour is obvious from the intravenous urogram, for it defines the vascular
supply and permits reasonable assurance that the contralateral adrenal gland
is normal. This knowledge permits the surgeon to choose a loin approach if he
wishes, otherwise a less convenient transabdominal approach may be required
to exclude bilateral tumour.
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Safe anaesthesia and surgery demand adequate preoperative preparation of
the patient. The principle is to control the hypertension by pharmacological
means for sufficient time to permit circulatory readjustment (Ross et al., 1967).
Sustained catecholamine overproduction results in a contraction of the plasma
volume and relative polycythaemia: under these circumstances removal of the
tumour will release the vasoconstriction and precipitate hypotension. Phenoxy-
benzamine is given for three days preoperatively; if tachycardia develops due to
unopposed beta-activity, this should be controlled with propranolol (see Ross et al.,
1967, for details). During surgery it is essential to monitor the patient with
arterial and central venous pressure recordings. Hypertension may develop as

Fig. 10. The blood pressure recorded by arterial catheter during removal of the phaeochro-

mocytoma illustrated in Fig. 9. Although she had been treated for 3 days preoperatively with

phenoxybenzamine and propranalol (Ross et al., 1967), a-blockade was incomplete, and severe

hypertension, poorly controlled by phentolamine, occurred, particularly when the tumour

was handled. After removal of the tumour there was a dramatic fall in blood pressure which
responded to blood transfusion

the tumour is handled if the patient is incompletely blocked (Fig. 10), and can
be controlled with phentolamine. The hypotension which may develop after
removal of the tumour should be treated by blood volume expansion rather than
by pressor agents. Alpha-methyltyrosine, which inhibits catecholamine synthe-
sis, has also been used as preoperative preparation as well as in the treatment of
malignant phaeochromocytoma (JONES et al., 1968).

It is commonly difficult to decide on histological grounds whether the tumour
is benign or malignant, but most phaeochromocytomata in children are benign.
Long term follow-up is essential and family members should be screened for the
disease.

VII. Essential Hypertension

The diagnosis of essential hypertension should not be made in children with-
out rigorous exclusion of all aetiological possibilities (RosENHEIM, 1961), but in
most large series there are some hypertensive children who defy diagnosis. For
example, in LoceIr’s (1971) series of forty children with severe hypertension,
seven were of unknown cause.
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In some adults with essential hypertension, plasma renin activity is low, and
this low-renin essential hypertension has also been described in a child (GRUSKIN
et al., 1971).

VIII. Consequences of Hypertension

1. Cardiac

Persistent hypertension results in the development of left ventricular hyper-
trophy, which may be evident on the electrocardiogram before it can be detected
clinically or radiologically, and electrocardiographic evidence of left ventricular
hypertrophy suggests that hypertension has been present for some weeks. Severe
hypertension may cause left ventricular failure and pulmonary oedema, particu-
larly if saline overload is present.

2. Neurological

Headache is common in severe hypertension. Convulsions due to hypertensive
encephalopathy may occur: in these circumstances there is almost always ophthal-
moscopic evidence of accelerated (malighant) hypertension, namely haemorrhages,
exudates and papilloedema. A convulsion may be the first symptom of the illness,
and papilloedema may lead to the referral of the patient to a neurosurgeon in the
first instance. Papilloedema itself does not result in any symptoms, or at most
a slight blurring of vision. It is rare for children to develop cerebral thrombosis
or haemorrhage with residual neurological sequelae, but some may present with
facial palsy (STILL and Corrom, 1967).

3. Renal

Deterioration of renal function occurs in the accelerated phase of hypertension.
The pathological hallmark of this condition is necrotising arteriolitis, and it is
usually but not invariably accompanied by papilloedema (SEviTT et al., 1971).
There may be haemotological evidence of microangiopathic haemolytic anaemia
(BrAIN et al., 1962). The mechanisms which underlie the vicious circle of endstage
renal failure whereby renal disease causes hypertension and hypertension aggra-
vates the renal disease are, however, incompletely understood.

IX. Hypotensive Therapy

1. Indications for Treatment

It is not appropriate to review the pharmacology of hypotensive agents in
this text (see NICKERSON, 1970), but certain practical aspects of the treatment
of hypertension in children will be discussed. The first problem is to decide which
child with high blood pressure should be treated. Malignant hypertension is a
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medical emergency, for the necrotising arteriolitis may lead to hypertensive
encephalopathy or deterioration of renal function, and the diastolic blood pressure
should never be permitted to remain above 120 mmHg, particularly if there is
papilloedema. Hypertension due to saline overload is also an urgent problem as
left ventricular failure and pulmonary oedema may develop suddenly. It is less
clear, however, whether milder degress of hypertension should be treated. Evi-
dence from the Veterans’ Administration Co-operative Study Group on Anti-
hypertensive Agents (1970) suggests that the morbidity of adults with mild
hypertension (90-114 mm Hg diastolic blood pressure) is reduced by antihyper-
tensive therapy in comparison with placebo. In the absence of other information
it seems appropriate to extrapolate these conclusions to the paediatric age group
and to treat all children who have persistent elevation of a diastolic blood pressure
above 90 mm Hg, particularly if there is electrocardiographic evidence of left
ventricular hypertrophy, which adversely affects prognosis (PERERA, 1958). It
is certainly prudent to establish control of hypertension before elective urological
surgery.

Sensitivity to hypotensive drugs is subject to considerable individual variation
and the dosage of each drug must be adjusted to the response of the child. Simi-
larly the susceptibility to side effects is variable and the most suitable drug for
one child may not be ideal for another.

2. Acute Hypertensive Emergencies

A combination of intravascular hydralazine and reserpine has long been
popular in paediatric practice (ETTELDORF et al., 1956). These authors recommend
an initial dosage of 0.07 mg/kg body weight of reserpine and 0.15 mg/kg body
weight of hydralazine. Either drug may be used on its own: LoceIr (1971) rec-
ommends a smaller initial dose of reserpine (0.02 mg/kg body weight, whereas
a larger dose of hydralazine is often required. Hydralazine has a more rapid
onset of action than reserpine, especially if given intravenously, and is remarkably
free of side effects over short periods, though prolonged oral administration of
high doses causes a syndrome resembling disseminated lupus erythematosus.

Recently diazoxide has been shown to have a very rapidly acting hypotensive
effect when administered intravenously in adults (FINNERTY, 1966; MILLER et al.,
1969) and children (McLAINE and DruMMonD, 1971) (Fig. 11). The initial dose

Fig. 11. The blood pressure response, recorded by arterial catheter, to intravenous diazoxide
(3 mg/kg body weight) in the patient illustrated in Fig. 6. Note the very rapid control of
hypertension
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has generally been about 2 mg/kg body weight; up to 5 mg/kg body weight has
been used. Care must be taken that the drug is not extravasated during injection,
for it is very irritant.

Occasionally, severe renal hypertension unresponsive to other therapy may
be ameliorated by alpha-blockade with phenoxybenzamine, and beta-blockade
with propanalol is worth a trial in refractory cases provided that there is no
evidence of cardiac failure.

3. Saline-Dependent Hypertension

Substantial extracellular volume expansion causing hypertension may be
present without overt oedema, and it is always prudent to consider this factor
first in the management of hypertension complicating renal failure. Restriction
of dietary sodium to 1 mEq/kg body weight day in infants or 15 mEq/day in
older children may be sufficient. Acute crises of left ventricular failure and pul-
monary oedema are best managed by intravenous frusemide: 1.0 mg/kg body
weight is a convenient initial dose, but the current trend is towards larger doses
in refractory cases. For oral therapy of milder hypertension, a thiazide diuretic
such as hydrochlorthiazide (1 mg/kg body weight day) is superior to frusemide
(ANDERSON et al., 1971). In end stage renal failure the hypertension is sometimes
only controlled by removal of salt and water by dialysis.

4. Long Term Therapy

Methyldopa is a very convenient drug (PRITCHARD et al., 1968). It blocks
transmission at adrenergic ganglia by interference with catecholamine synthesis
and conversion to the false neurotransmitter a-methyl noradrenaline (CARLSSON
and LiNDpQuist, 1962). It also depresses plasma renin activity (WEIDMANN et al.,
1971) and does mot adversely affect renal function (MoHAMMED et al., 1968);
hence it is well suited for the management of the child with hypertension due to
renal disease. For oral administration an initial dosage of 5 mg/kg body weight/day
is satisfactory, and may be increased up to 25 mg/kg body weight/day, though
children are apt to be lethargic at these higher dosages. Rapid intravenous
administration should be avoided as it may provoke hypertension (FELDMAN
et al., 1967). Its use is occasionally complicated by the development of an auto-
immune haemolytic anaemia (WORRLEDGE et al., 1966). The other adrenergic
blocking agents—guanethidine, bethanidine and debrisoquine—cause more mar-
ked postural hypotension and side effects than methyldopa, but may be added
if the control with methyldopa is inadequate. The most suitable drug and its
dosage varies in different individuals.

X. Summary

Childhood hypertension is a complicated subject which the paediatric uro-
logist may encounter only occasionally. At risk of being dogmatic, it may be
helpful to summarize the preceding discussion with a few simple comments.

a) Recording the blood pressure is part of the routine examination of all
children, especially those with urological disorders. Particular attention should
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be paid to the blood pressure after urological surgery, as severe hypertension
sometimes develops at that time.

b) The correct cuff to use is the largest one that can conveniently be applied
to the upper arm.

¢) Essential hypertension should not be diagnosed in children without rigor-
ous exclusion of all other possibilities: a renal arteriogram should always be
undertaken if the diagnosis is not apparent.

d) The most important investigation is the intravenous urogram, which needs
to be carefully planned in conjunction with the radiologist.

e) In the absence of diuretic therapy, hypokalaemia suggests hyperaldoster-
onism, either primary or secondary to increased renin secretion.

f) The blood pressure of patients suspected of having a phaeochromocytoma
must be controlled with phenoxybenzamine before aortography or surgery.

2) In most children with unilateral renal ischaemia, successful revasculari-
sation or nephrectomy cures the hypertension. The relative predictive merits of
renal venous renin estimations and divided renal function studies have not been
established in children, but the latter are technically difficult.

h) A conservative approach to patients with asymmetrical bilateral paren-
chymal renal diease is indicated unless one kidney is obviously not contributing
significantly to overall renal function.

i) Malignant hypertension is a medical emergency and the diastolic blood
pressure should never be permitted to remain above 120 mm Hg.

j) Hypertension in the presence of renal failure should be assumed to be due
to salt and water overload and initial therapy should be directed to sodium deple-
tion by dietary restriction and diuretics.



E. Glomerular Disease and Haematuria
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I. Introduction

The glomerulus is an ultrafilter, which, in disease, may become blocked, leaky
or both. It is the degree of block, i.e. reduction of glomerular filtration rate,
which usually determines the outcome of the illness, but it is commonly the leak
of substances normally restrained by the glomerular filter, viz. protein and
erythrocytes, that first draws attention to the presence of renal disease. As
haematuria may result in the child with glomerulonephritis being referred to
the urologist in the first instance, the emphasis of this chapter will be on those
glomerular diseases in which haematuria is the dominant clinical feature.

II. Mechanisms of Glomerular Injury

Two immunopathogenetic mechanisms of nephritis have been recognised
(UNANUE and Dixox, 1967; LEwis and Couskr, 1971). In the first, originally
described by Masuet (1934), anti-kidney antibody fixes to glomerular basement
membrane, and causes renal damage by the activation of the complement system,
attraction of polymorphonuclear leucocytes and localised deposition of fibrin.
Antibody can be detected by immunofluorescent techniques as a smooth, linear
deposit on the glomerular basement membrane, but is difficult to demonstrate
in serum unless bilateral nephrectomy has been performed, for circulating anti-
body is rapidly fixed by the kidney. Auto-immune renal disease of this type is
believed to occur in GOODPASTURE’s (1919) syndrome, characterised by nephritis
and lung haemorrhage, but is otherwise very rare, especially in children.

The second variety of immune damage results from the deposition of circu-
lating soluble antigen-antibody complexes in the kidney. In this system, the
antibody does not in general have a special affinity for renal tissue, and the
kidney is involved as an “innocent bystander” of an immunological reaction.
Both antigen and antibody can be detected by immunofluorescent microscopy
as a coarse granular deposit, and by electron microscopy as electron-dense humps
on the epithelial side of the glomerular basement membrane. In human disease
the prototype is serum sickness, but soluble immune complexes are being impli-
cated in the pathogenesis of an increasingly wide range of glomerular diseases,
including post-streptococcal nephritis (MICHAEL et al., 1966), malarial nephro-
pathy (ALLISON et al., 1969), the nephritis of disseminated lupus erythematosus
(KoFrLER et al., 1971), of congenital syphilis (McDoNALD et al., 1971) and sub-
acute bacterial endocarditis. An example which the paediatric urologist may
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encounter is the nephritis associated with bacterial colonisation of ventriculo-
atrial shunts used in the treatment of hydrocephalus (BLAck et al., 1965). It is
thought that pathogenic processes of this sort underlie much human nephritis,
particularly in children; currently the major problems are the identification of
the antigens involved and the relevant characteristics of the affected individual’s
immunological response (SOOTHILL and STEWARD, 1971).

For some human glomerular disease, however, the evidence for immunopatho-
genesis remains insecure. Relapse of the steroid-sensitive nephrotic syndrome,
or of the recurrent haematuria syndrome are often precipitated by an upper
respiratory tract infection, suggesting immunological disease, but the mechanisms
involved have not been elucidated.

III. Methods of Investigation

1. Haematuria

The addition of even small amounts of blood to urine causes obvious macro-
scopic haematuria. In an adult, the blood flow through a single glomerulus is
approximately 1 ml/day; this amount is easily detectable by the unaided eye
after dilution in a representative 24-hour urine volume of 1000 ml. The use of
benzidine derivatives in the detection of blood in the urine has been abandoned
due to their carcinogenic properties, and the most convenient test is now HE-
MASTIX! These are strips impregnated with a buffered mixture of organic
peroxide and ortho-tolidine. The peroxidase-like activity of haemoglobin, myo-
globin and some of their degradation products catalyses the oxidation of ortho-
tolidine to a blue derivative. The test is more sensitive to free haemoglobin and
myoglobin than to intact erythrocytes; it gives an indication of the amount of
haemoglobin present, but the minimum concentration of erythrocytes detectable
cannot be specified because the degree of haemolysis is variable. Administration
of vitamin C may result in false negative results.

The presence of haematuria should be confirmed by microscopic examination
of a fresh uncentrifuged urine specimen. As well as distinguishing between hae-
maturia and haemoglobinuria or myoglobinuria, microscopy may reveal the
presence of red cell casts, which immediately points to a parenchymal source of
bleeding and eliminates the necessity for urological investigations other than
intravenous urography.

In the past, following the work of Appis (1949), considerable attention has
been paid to quantitation of erythrocyte excretion rates. Normal children excrete
less than 250000 red blood cells per 12 hours (EDELMANN and BARNETT, 1972).
However, in children with haematuria there is such marked temporal variation
in erythrocyte excretion rates that precise quantitation does not contribute
much more than can be learned from the use of simpler methods such as Hemastix.

2. Proteinuria

Protein is present in normal urine; albumin constitutes about one quarter to
one half of the total urinary non-dialysable solids, and excretion rates from 6 to

1 Ames Company
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31 mg/day in the healthy adult have been reported (BErRGGARD, 1970); the dis-
tinction between normal and pathological urine in this respect is thus quantitative
and not absolute. Pathological proteinuria may be due to increased glomerular
permeability, (“glomerular proteinuria’) or to decreased tubular reabsorption of
proteins normally present in the glomerular filtrate (‘‘tubular proteinuria’’) though
other mechanism are possible (HARDWICKE et al., 1970).

The use of boiling or salicylsulphonic acid for the detection of proteinuria
has been superceded by ALBUSTIX?2. These are paper strips impregnated with
tetrabromophenol blue buffered in citrate at pH 3.5. Protein in urine, particu-
larly albumin, binds with the dye and causes a colour change by displacement of
the transformation range of the indicator. False positive results may be obtained
in urine of high pH, otherwise there is a good correlation between the Albustix
reading and the urine albumin concentration (RENNIE et al., 1967). Proteinuria
present during standing, but not during recumbency (orthostatic proteinuria) is
in general not pathological.

Screening tests depend upon the concentration of protein in urine, and are
thus affected by variation in urine flow rate. A better estimate of glomerular
function may be obtained by measuring the sieving coefficient (relative concen-
tration in glomerular filtrate and plasma water) of a molecule of a size normally
just restrained by the glomerular basement membrane. For this purpose, the
albumin/creatinine clearance ratio is the most suitable approximation for clinical
use (BARRATT et al., 1970).

Further delineation of glomerular permeability in states of heavy proteinuria
is achieved by a consideration of the relative clearances of proteins of varying
molecular size (“‘differential protein clearances”; “selectivity of proteinuria’)
(HaArRDWICKE et al., 1970). If the clearance of a larger protein is substantially
less than of a smaller one, the proteinuria is said to be highly selective. The ratio
of the clearance of IgGd (molecular weight 166000) to albumin (molecular weight
70000) is a convenient estimate of selectivity, and may be used to characterise
the nephrotic syndrome: if less than 10 per cent, minimal histological abnormality
and steroid response are almost certain, whereas if greater than 20 per cent,
steroid resistance and significant histological abnormality are more probable
(BARRATT and Macavuray, 1973).

3. Complement

The complement system is a complex array of eleven plasma proteins, activ-
ated in a cascade manner by antigen-antibody reactions, amplifying the effect
of the antibody. In the classic system, complement is demonstrable by its role in
the lysis of erythrocytes by anti-erythrocyte antibody. The third component of
complement, C3, which can be identified on electrophoresis of plasma as Bc-
globulin, is the component present in the greatest concentration (76-190 mg/100ml:
Oaag et al., 1968), and is easily measured by immunochemical techniques. The
term serum complement is sometimes loosely and incorrectly used to describe
the concentration of the third component, C3.

Depression of serum total haemolytic complement has long been recognised
as characteristic of acute nephritis. The C3 concentration is also reduced, and
in the typical case returns to normal levels within a few weeks (WEST et al., 1964).
Low C3 levels are also observed in patients with active lupus nephritis, and

2 Ames Company
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persistently low levels characterise a variety of nephritis with the histological
appearance described as membrano-proliferative (WEST et al., 1965; Oce et al.,
1968).

4. Renal Biopsy
a) Background

The introduction of percutaneous renal biopsy in 1951 by IvERSEN and BRUN,
its widespread application in adults (KARK and MUEHRCKE, 1954) and its use in
children (VERNIER et al., 1958; DoDGE et al., 1962; WHITE, 1963) have led to a
new understanding of paediatric renal pathology, particularly in the field of
glomerulonephritis. Considerable skill, which may only be achieved by con-
tinued experience, is required both for the safe collection and reliable inter-
pretation of renal biopsy material. For this reason, the technique should be
restricted to centres which undertake at least 25 renal biopsies per year and
which have the services of a pathologist with an informed interest in the histology
of renal disease.

b) Equipment

Most investigators use the Silverman needle (Fig. 12). It is essential to have
FraNkLIN’s modification (KARK and MUEHRCKE, 1954), in which the pointed
tip of each hollowed prong is filled with silver solder, obviating the need for
rotation of the needle. The instrument has been further modified by WHITE
(1962): a particular improvement of this model is the use of aluminium alloy to
reduce the weight, and the length of the biopsy may also be adjusted. These
needles have a limited life, and should be discarded after some 10-20 biopsies.
Great care is required during cleaning so that the inner prongs are not distorted.

Good results have been obtained with a disposable modification, the Vim
Tru-Cut® (KARK, 1968). Beginners find the technique easier to learn with this
needle than with the standard Silverman model.

The safety of the procedure and the quality of the biopsy are much improved
if the kidney is located during the procedure by fluoroscopy using an image
intensifier (EDELMANN and GREIFER, 1967), and adequate tissue should be ob-
tained by these techniques in at least 95 per cent of cases.

¢) Indications and Precautions

It is not appropriate to specify precisely the indications for renal biopsy;
as information accumulates on the various forms of glomerulonephritis, so the
need for histological definition of the lesion in each particular child varies. At
this stage a rough guide is that persistent proteinuria unresponsive to cortico-
steroid therapy should be investigated by renal biopsy, particularly if associated
with haematuria, whereas children with intermittent proteinuria or with recurrent
haematuria without proteinuria are unlikely to have severe glomerular lesions,
and can usually be managed without resort to renal biopsy.

It is unwise to attempt percutaneous renal biopsy in a solitary functioning
kidney, or in a child with a haemorrhagic diathesis. Hypertension should be
controlled before biopsy, and the risks are increased in the uraemic state. A
urogram should be obtained before the biopsy and bleeding time, clotting time

3 Travenol Laboratories
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and platelet counts checked. The child’s blood group should be ascertained, and
blood cross matched beforehand. Informed parental consent must be obtained.

Fig. 12. The Silverman needle as modified by FRANKLIN (KARK and MUEHRCKE, 1954) and
WHITE (1962). Insert shows FRANKLIN’s contribution: the in-filling of the hollow ends of the
prongs so that they occlude and cut the biopsy when covered by the outer needle

d) Technique

Local anaesthesia with sedation is satisfactory in most cases, although in
younger or particularly apprehensive children general anaesthesia may be pre-
ferable. The child lies prone on an X-ray table with a radiolucent cushion under
the abdomen. An intravenous injection of contrast medium is given, and the
kidneys located on the television screen during the nephrographic phase 2-3
minutes later. The biopsy site is selected in the lower pole about 1 em from the
margin of the kidney. A small skin incision is made and the biopsy needle with
stilette in situ is inserted (Fig. 13a). It is safer if the child does not breathe whilst
the needle is advanced into the kidney. The tip of the needle should just penetrate
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the renal capsule—this can be felt more easily with the standard Silverman
needle than with the sharper disposable model—and its position is then checked
fluoroscopically (Fig. 14). If the needle is in the kidney, its tip will move exactly

Fig. 13a—d. Stages in renal biopsy. a The needle with the stilette in situ is inserted just

through the renal capsule. b The stilette is removed and the prongs inserted. ¢ The prongs

are advanced into the renal tissue. d With the prongs fixed, the outer needle is advanced to
cover the tips of the prongs and cut the biopsy

synchronously with the renal shadow during respiratory excursions. The stilette
is then removed and the prongs inserted until the resistance of the renal tissue
is felt (Fig. 13b). The prongs are advanced into the kidney (Fig. 13¢) and their
top is then held still whilst the outer needle is advanced downwards to cover
the prongs and cut the biopsy tissue (Fig. 13d). An adjustable skin stop guides
the depth to which the outer needle should be inserted. This manoeuvre is the
most difficult of the whole procedure: a common error is to withdraw the prongs
rather than advancing the outer needle, or to fail to cover the prongs with the
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outer needle before withdrawal from the kidney. This results in traumatising the
biopsy specimen and tearing the kidney with an increased risk of haemorrhage.

Only one kidney should be biopsied and not more than four attempts at
biopsy of that kidney should be permitted at one session.

Fig. 14. It is safest and easiest to perform the biopsy during the nephrogram phase of excre-
tion urography with a television monitor. After Fig. 13a the position of the needle is checked
radiologically

¢) Post-Operative Care and Complications

After biopsy the child should remain in bed for 24 hours. The pulse and blood
pressure should be observed regularly and a high fluid intake maintained.

The most common complication is haemorrhage, either retroperitoneal or into
the urinary tract, where it may cause clot colic. In experienced centres the inci-
dence of haemorrhage requiring transfusion is low, somewhat less than one per
cent (EDELMANN and GREIFER, 1967). Occasional cases of infarction of the kidney
have been described, necessitating nephrectomy (MUECKE and MARSHALL, 1969),
and in KARK’s (1968) survey the mortality was 0.07 per cent. Intrarenal arterio-
venous fistulae have been reported following needle biopsy (DE BEUKELAER et al.,
1971), and may sometimes be suspected by the detection of a bruit over the
affected kidney. In some instances these fistulae have regressed spontaneously,
and they should therefore be managed conservatively.

There is no doubt that the incidence of complications is less in experienced
hands.
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f) Specimen Handling

It is an advantage to have a dissecting microscope available in the biopsy
room so that the presence of glomeruli may be immediately ascertained. The
biopsy specimen requires special handling and the pathologist should always be
consulted beforehand. For light microscopy the tissue should immediately be
placed in special fixatives. The sections should be cut 2 p thick or less and several
histological stains are required. The presence of immunoglobulin, complement
or fibrinogen in glomeruli may be demonstrated by immunofluorescence using
fluorescin conjugated antisera. For this purpose, snap-frozen biopsy material is
required. Further diagnostic information may be obtained by electron micro-
scopy, or by light-microscopic examination of ultra-thin sections of tissue embed-
ded in epoxy resin as for electron microscopy (EasTHAM and Essex, 1969). The
range of techniques required for the complete examination of renal biopsy spe-
cimens is thus wide, and it is doubtful if renal biopsy should be performed in cent-
res without access to these methods.

g) Normal Appearances and Terminology

In the normal glomerulus the afferent arteriole feeds the glomerular capillary
tuft, which invaginates Bowman’s capsule. The capillaries are lined by endothelial
cells mounted on a basement membrane; epithelial cells with spreading foot pro-
cesses are to be found on the capsular side. The capillary tuft is supported by a
mesangium; mesangial cells appear morphologically similar to endothelial cells
but do not come into contact with the capillary lumen. In young children epithelial
cells are more prominent than in the mature glomerulus. The term proliferation
is applied to states in which there is an increase in the cellular content of the
glomerulus, and is qualified by the predominant cell involved, e.g. mesangial or
endothelial. These changes may be diffuse, affecting all glomeruli, or focal, leaving
some glomeruli intact. The term membranous glomerulonephritis is used for those
conditions in which there is thickening of the glomerular basement membrane.
The histological classification in current use is reviewed by WHITE (1971).

IV. Syndromes of Glomerulonephritis

1. The Acute Nephritic Syndrome

The acute nephritic syndrome consists of the sudden onset of haematuria,
proteinuria, oliguria, oedema, hypertension and uraemia, though not all these
features need be present. Indeed, percutaneous renal biopsy in family contacts
of patients with acute nephritis may reveal histological evidence of the disease
without any of these clinical features (DoDgE et al., 1968). The disease is commonly
preceded ten days earlier by an upper respiratory infection with a beta-haemolytic
streptococcus of Lancefield group A and Griffiths type 12; occasionally other
varieties of streptococei or sites of infection are involved.

In the acute phase, severe illness may be complicated by hypertensive ence-
phalopathy, heart failure or acute renal failure. Confirmation of the diagnosis
may be found in the elevation of serum antistreptolysin-‘0” titre, and depression
of total haemolytic complement and C3. A renal biopsy is rarely necessary to
establish the diagnosis but will reveal a diffuse exudative (infiltration with poly-
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morphonuclear leucocytes) and proliferative lesion. Later biopsies in the healing
stage show mesangial proliferation alone (EARLE and JENNINGS, 1959).

In prospective studies of proven cases of post-streptococcal glomerulonephritis
who do not die in the acute stage, complete recovery is the rule (DoDGE et al.,
1972), though episodic haematuria may persist for some months. Evolution into
chronic glomerulonephritis seems to be more characteristic of those cases of the
acute nephritic syndrome in whom streptococcal involvement is not apparent:
for example patients with membrano-proliferative glomerulonephritis may have
an acute nephritic episode early in the course of their illness.

2. The Nephrotic Syndrome

The state of heavy proteinuria, hypoproteinaemia and oedema, from any
cause, is termed the nephrotic syndrome (BARRATT and Macauray, 1973).
Depletion of plasma albumin results in a reduction of plasma colloid osmotic
pressure, seepage of fluid into the interstitial space with resultant hypovolaemia,
which activates mechanisms of renal conservation of sodium, aggravating oedema,
but may also result in circulatory collapse (EGAN et al., 1967) and thromboses of
major vessels (LIEBERMAN et al., 1968) including the renal vein.

Two major varieties of the nephrotic syndrome can be discerned in children.
In the first, more common in boys than girls, and in younger than older children
there is highly selective (see p. 52) proteinuria, sensitive to corticosteroid therapy
and no histological abnormality of the glomeruli apparent on light microscopy.
This pattern accounts for 80-90 per cent of nephrotic children in temperate
climates, and has been variously called idiopathic nephrotic syndrome, lipoid
nephrosis, “minimal change” nephrotic syndrome or steroid-sensitive nephrotic
syndrome. The last term is the most useful, for it makes no assumption about
histology or pathogenesis; steroid-responsiveness and ‘‘minimal change” correlate
so well that routine renal biopsy is not necessary in this group. Of the steroid-
responders, one third never relapse, one third relapse occasionally and one third
relapse frequently and develop steroid toxicity.

A much more sustained remission can be obtained in these patients with
cyclophosphamide than with steroids (BARRATT and S0OTHILL, 1970) but toxicity
problems have not been resolved: chemical cystitis with haematuria due to
mucosal telangectasia and bladder fibrosis have been reported (JoHNSoN and
MEeapows, 1971), with the possibility of neoplasia (WorTH, 1971), but perhaps
the most worrying is the testicular atrophy and azdospermia reported in some
adult patients who have received the drug (FAIRLEY et al., 1972). Most patients
in this category eventually stop relapsing, and progression to chronic renal failure
is uncommon.

In other patients, less selective proteinuria is associated with corticosteroid
resistance. There is often a prior history of the acute nephritic syndrome, and
there may be haematuria, hypertension, uraemia or hypocomplementaemia: any
of these features suggest that it would be prudent to determine the histological
appearances by biopsy before embarking on corticosteroid therapy. The steroid-
resistant group is heterogeneous, and is most conveniently classified by histology
(CuURG et al., 1970). There are to be found “minimal change” lesions apparently
identical to those of the steroid-sensitive group; focal glomerulosclerosis, often
first evident in juxta-medullary glomeruli and sometimes missed on early, super-
ficial biopsies; mesangial proliferative glomerulonephritis, with appearances simi-
lar to healing post-streptococcal glomerulonephritis; membranoproliferative
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glomerulonephritis, many of which have persistent hypocomplementaemia (WEsT
et al., 1965); advanced chronic glomerulonephritis; and, uncommon in children,
membranous glomerulopathy. Steroid resistant minimal change nephrotic syn-
drome appears to respond to cyclophosphamide; in other histological groups this
drug has not proved effective (BARRATT, 1972), nor has azathioprine (ABRAMO-
wicz et al., 1970). However, the nephrotic syndrome associated with mesangial
proliferative glomerulonephritis and with Henoch-Schonlein disease (MEADOW et
al., 1972) may slowly improve independentally of therapy.

3. Persistent Proteinuria

The development of the nephrotic syndrome implies that the protein loss
exceeds the body’s capacity for synthesis. In some children with glomerulone-
phritis, however, the loss of protein is insufficient to cause the nephrotic syndrome,
but it is perhaps artificial to make a distinction on these grounds alone. Protein-
uria may be found on routine examination of an asymptomatic child. Provided
orthostatic proteinuria can be excluded, persistent proteinuria is always abnormal,
and should be investigated by renal biopsy, even if asymptomatic, for it is now
possible to give a reasonably precise prognosis from the histological appearances
(CaMERON, 1973).

4, Recurrent Haematuria

One of the most frustrating varieties of glomerular disease in children is the
syndrome of recurrent haematuria (AyouB and VERNIER, 1965), sometimes
misleadingly referred to as focal glomerulonephritis. In this syndrome, episodes
of haematuria are often precipitated by upper respiratory infection (without the
10 day delay characteristic of acute nephritis) or exercise, and may recur over
many years. Haematuria may be brisk, and during attacks abdominal pain is
sometimes also present. Males are more commonly affected, and onset under the
age of one year is distinctly uncommon. Renal function is not impaired and there
is no proteinuria between attacks—indeed proteinuria is the most useful clue
to the presence of more serious varieties of glomerulonephritis that need to be
defined by renal biopsy. The disease subsides after some years and does not in
general progress to chronic renal failure.

On histological examination many such patients have focal glomerulonephritis
(HePTINSTALL and JoEKES, 1959); the term implies that the damage is restricted
to a few glomeruli. However, in children in about half the cases it is not possible
to detect any histological abnormality by light microscopy (GLascow et al.,
1970). Iron stains may, however, demonstrate haemosiderin in the tubules,
indicating a glomerular origin of the haematuria. Immunofluorescent studies
have demonstrated the depostion of IgA and C3 in the mesangial cells in many
of these patients (BERGER et al., 1971; MCENERY et al., 1971).

Urological disease, particularly tumour, stone and hydronephrosis must of
course be excluded before the diagnosis of benign recurrent haematuria can be
entertained. Urinary tract infection may present with haematuria. In the subsid-
ing plases of acute nephritis and also of Henoch-Schonlein purpura there may be
episodic haematuria. The Henoch-Schénlein syndrome is characterised by colicky
abdominal pain with melaena, arthropathy, a purpuric skin rash and nephritis. The
histological appearances do have some similarities to those of ““focal glomerulone-
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phritis”: glomeruli are often unequally affected (MEADOW et al., 1972) and there
are usually mesangial depos ts of IgA and C3 (LEvy, 1972). A further differential
diagnosis of recurrent haematuria to consider is familial nephritis (McCoNVILLE
et al., 1966). In the classic variety described by ALPORT (1927), males are most
severely affected, and there is associated deafness and sometimes also ocular
abnormalities. Another medical cause of recurrent haematuria is sickle-cell disease.

All children with recurrent haematuria should be examined by careful ex-
cretion urography, which should perhaps be repeated after two years if the
haematuria persists. The diagnostic yield from cystoscopy in children with a
normal urogram is very low; we do not routinely undertake this investigation
unless the haematuria is particularly troublesome or there are other features
pointing to lower urinary tract disease. Similarly, we do not routinely investigate
by renal biopsy children with recurrent haematuria without proteinuria, for it is
rare to find serious glomerular pathology in this group.

5. Acute and Chronic Renal Failure

These complications of glomerulonephritis are discussed in Chapter B and C.

V. Conclusion

Presented with a child with haematuria, the urologist should search for evidence
of glomerular disease. This may be found in the history, on physical examination
or, on simple investigation (particularly examination of the urine for protein or
casts). The child with recurrent haematuria without proteinuria and with normal
excretion urography is unlikely to have a serious parenchymal or urological
disorder. The finding of normal renal histology on light microscopy does not
exclude a glomerular cause of haematuria.
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1. Introduction

The renal parenchymal anomalies, hypoplasia, dysplasia and cystic disease,
present in a bewildering variety of forms either alone or as part of multiple
congenital anomaly syndromes. Clearly these changes can occur in response to a
number of factors, either genetic or environmental. Many of the conditions are
well recognised to be inherited, but it has been shown experimentally that ureteric
obstruction can produce cystic dysplasia (BERNSTEIN, 1968). Cystic disease has
been induced in new born rabbits by diphenylamine derivatives (CROCKER et al.,
1972), by nordihydroguaiaretic acid, an antioxidant used in edible oils (GoopmMAN
et al.,, 1970) and by Prednisolone (PERrCY et al., 1967). Multicystic kidney has
been found in association with congenital cytomegalovirus infection (PLOTKIN
and PASQUARIELLO, 1969). As might be expected with so many possible influences
involved, the pathological distinction between one form of cystic disease and
another, or between cystic disease and dysplasia, is often blurred. The classical
contributions of OsATHANONDH and POTTER (1964) are the most important recent
attempt to establish a reliable pathological classification and are indispensible
to a serious study of the pathogenesis, but the clinico-pathological disease patterns
are more important to the urologist and it is with these that this chapter is con-
cerned.

II. Absent Kidney

Bilateral renal agenesis is a rare but well recognised condition, usually asso-
ciated with a minute or absent urinary tract and often with the typical facies
described by PotTER. It is, of course, incompatible with prolonged survival, but
death in these cases is usually due to pulmonary hypoplasia. Absence of a foetal
urine flow results in oligohydramnios: the chest is compressed by the uterus and
the lungs have no opportunity to expand. The same complications and the same
facies can be observed in association with complete urethral obstruction and with
bilateral multicystic kidneys.

Unilateral agenesis is associated with an absent or short ureter and is seldom
clinically distinguished from a very small dysplastic kidney. This type of disease
is ordinarily accompanied by contralateral enlargement: the investigations of
SEIPELT et al. (1970) suggest that this is due to hypertrophy of nephrons rather
than a large nephron population. On many occasions there are also anomalies of
the solitary kidney and its ureteric drainage, particularly when the kidney is
ectopic.
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III. The Small Kidney

The normal size for a child’s kidneys have been set out by Hopsow, and
variations, either unilateral or bilateral, are of importance. There are, however,
a great many causes for diminution in the size of a kidney and precise diagnosis
is difficult. Even the distinction between a congenital and an acquired disease is
often obscure. Anomalies of development are frequently complicated by infection
or ischaemia, while the onset of a serious acquired disease may be insidious or
pass unnoticed in an illness affecting other systems. However, the final function
of the small kidney and its role in hypertension or urinary infection are of more
importance to the clinician than its pathogenesis. In the investigation of these
cases the differential renal studies are most valuable, but often difficult to obtain.
Ureteric catheter collections are unsatisfactory in childhood and seldom employed
in the very young; they may give localisation of infection, but are unlikely to
provide useful renal function studies. At times upper tract drainage procedures
employed for suspected obstruction, such as nephrostomy or ureterostomy, may
permit accurate investigations. Ericsson (1970) has employed the method of oc-
cluding one ureter by an externally applied pressure on one side of the abdomen
and estimating inulin clearance by collecting the urine which can only reach the
bladder from the opposite kidney. The process is later repeated for the other side.
There are obvious sources of error in such collections, but good correlation with
other methods of study is claimed. Isotope renograms might be expected to provide
a useful assessment of the differential contribution of the kidneys, but in many
cases the data are insufficiently precise and a certain amount of guesswork is
necessary. Gamma camera renograms may give more accurate information in the
future. In practice, therefore, the differential function of the kidneys must often
be guessed from a combination of factors, including the radiologically observed
size and concentrating ability. In our clinic it is accepted that a pathological
kidney which contributes less than 10 per cent of total renal function is better
removed, and clearly any very small kidney associated with hypertension should
be excised. In other unilateral cases, and in all bilateral cases, the choice usually
lies between medical treatment alone and the addition of some conservative
surgical procedure, such as reflux prevention in the pyelonephritic group.

1. Unilateral Hypoplasia

The term ‘“‘hypoplasia” implies that the kidney is congenitally small, but
otherwise not abnormal. In the unilateral case the opposite kidney is hyper-
trophied and the hypoplastic one retains a normal histological architecture.
Radiologically this ‘““miniature’ kidney has a normal, though small, pelvi-calicine
pattern and a normal ureter (Fig. 15). It is difficult to distinguish from the small
kidney associated with arterial stenosis, but in the absence of hypertension no
further investigation or treatment is required.

2. Bilateral Oligomeganephronic Hypoplasia

In bilateral disease there is an overall shortage of nephrons and the few present
undergo great hypertrophy. Microdisection studies by FETTERMAN and HABIB
(1969) demonstrate that there is a disproportionate enlargement of the proximal
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Fig. 15. Renal hypoplasia; miniature kidney. Intravenous urogram in a boy of 2 years with
sterile urine and normal blood pressure. The left kidney is very small but the calices are well
formed

tubules relative to the glomeruli. The clinical syndrome associated with this
anomaly is now well recognised: it has been reviewed with full bibliography by
ScHEINMAN and ABELSON (1970) and by CARTER and LIRENMAN (1970). It is a
nonfamilial condition presenting early in childhood with vomiting and dehydra-
tion, polyuria, hyposthenuria, salt wasting, mild proteinuria and uraemia. Radio-
logically the kidneys are small (Fig. 16) but normal in shape; concentration in
the pyelogram is poor, but the urinary tract is normal. With correction of the
electrolyte balance the condition may be stabilised with only a moderately ele-
vated blood urea. Many features of this syndrome are similar to those of nephro-
nophthisis, but the oligomeganephronic hypoplasia is not familial, it is evident
from very early infancy and is not necessarily progressive.

3. Segmental Hypoplasia

The localised contraction of a segment of a kidney, particularly when asso-
ciated with hypertension, is often described as segmental hypoplasia or the Ask-
Upmark kidney. It seems likely, however, that this contraction is due to an
arterial anomaly and not to hypoplasia in the sense used in relation to the two
previous conditions (REUTERSKIOLD and WILBRAND, 1972).

4. Dysplasia

Dysplasia is a histological term implying that the kidney contains primitive
renal elements and tissues normally foreign to the kidney. The precise microscopic
features accepted as dysplastic are a matter of dispute amongst pathologists.
There is, however, general agreement that the presence of cartilage or of primitive
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Fig. 16. Bilateral hypoplasia: retrograde pyelogram in a child of 5 years with hypertension
and raised blood urea

straight tubules surrounded by cuboidal epithelium and extending far out into
the cortex are indisputable evidence of the disorder. Cysts are frequently present,
but may vary in size from the microscopic to the enormous, and the disorder
described later in this chapter as multicystic kidney is an extreme example of
renal dysplasia. The subject has recently been reviewed by Rispon (1971), who
finds that almost all the cases in his series were associated with an abnormality
of the urinary tract. Other writers, such as Ericsson and IVEMARK (1958), have
suggested that dysplastic tissue can occur in otherwise normal kidneys and render
them liable to infection, but our experience would not support this hypothesis.
Renal dysplasia occurs in three clear-cut conditions:

a) Dysplasia Associated with an Atretic Impermeable Ureter

In these cases the kidney may be enlarged and multicystic or minute and
mainly fibrous. In either variety, infection of the dysplastic kidney is uncommon
but contralateral urinary tract anomalies are often encountered and can be
productive of serious disease.
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b) Dysplasia with Patent Ureter

The ureter is patent but anomalous: it may be ectopic, obstructed or refluxing.
In the case of the ectopic ureter, the upper pole of the kidney drained by that
ureter is often involved in dysplasia, whereas the lower pole is normal. Diagnosis
of these cases is largely concerned with the ureteric anomaly and heminephrectomy
is the usual operative procedure, so that the histological abnormality is of no
great importance. Where a single ureter is present the whole kidney is dysplastic
and usually contracted (Fig. 17). The renal pelvis is often large and atonic with

Fig. 17. Unilateral dysplasia with normal ureter. Intravenous urogram in a child of 8 years

with severe hypertension from which she ultimately died. The right kidney is minute with

clubbed and irregular calices. There has been some pyelonephritic complication of her original
dysplasia

a kinked pelvi-ureteric junction, but seldom a well defined obstruction as in
classical hydronephrosis. A characteristic radiological appearance (Figs. 18-19)
is a small kidney with a cluster of closely packed clubbed calices lying above a
vertically disposed dilated renal pelvis. This type of dysplasia is frequently com-
plicated by reflux, infection and pyelonephritis. Hypertension may occur, but
whether it is due to the congenital or acquired factor is not clear. In bilateral
disease there is a problem of renal failure, often with salt wasting. The treatment
demands careful biochemical control, but seldom any surgery in infancy. Later
in childhood recurrent infection may require operation for reflux prevention,
and pyeloplasty may be considered if there is a suggestion of pelvi-ureteric ob-
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struction. In general, however, these cases must be treated conservatively and
may ultimately come to renal transplantation.

Fig. 18 Fig. 19

Fig. 18. Dysplasia of the left kidney with complicating pyelonephritis and pyelonephritic

scarring of the right kidney. Micturating cystogram in a boy of 9 years whose original in-

vestigations had been undertaken in early infancy. The right kidney, which had been normal,

exhibits pyelonephritic scarring. The left kidney shows dysplastic changes with dilated verti-
cally disposed renal pelvis and clubbed calices

Fig. 19. Dysplasia of the left kidney. Cystogram in a 3 year old child showing reflux into a
functionless left kidney, represented only by a cap of fibrocystic tissue surmounting a slightly
dilated renal pelvis

¢) Dysplasia with Urethral Obstruction

In neonates with urethral valves or with other severe congenital urethral
obstruction, cystic dysplasia of the kidney is present (Fig. 20). Cortical cysts pre-
dominate. The presence of cystic dysplasia has clearly a bad influence on pro-
gnosis, but the treatment of the child is essentially the treatment of obstruction
and of the biochemical disorder.

Cystic dysplasia may thus be seen in a variety of urinary tract anomalies.
It is, in general, not familial and not associated with any abnormality of liver
function. Experimental work by BERNSTEIN (1968) suggests that the ureteric
disorder is primary and the parenchymal one secondary, but inter-relationships
between the two are likely to be complex. It must be emphasised that dysplasia
is a histological diagnosis: it may be suspected from the clinical features and the
radiological appearances, but many anomalous kidneys present a gross ‘“‘dys-
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Fig. 20. Dysplastic kidney with urethral obstruction. Post mortem specimen in a child dying
from urethral valves showing multiple cysts in the renal substance. (A nephrostomy tube
is present in the renal pelvis)

morphism” associated, perhaps, with defects of function without possessing
histologically dysplastic elements.

The term dysplasia has also been applied to another distinet condition,
nodular dysgenesis, in which there is a focal hyperplasia of tubules in the medul-
lary zone. It has been suggested that these represent the precursors of polycystic
disease (MIRANDA et al., 1971).

5. Renal Vein Thrombosis

Renal vein thrombosis occurring in the neonatal period may be severe and
fatal, but mild unilateral examples are often followed by recovery (BEck and
MarsHALL, 1968). The affected kidney contracts, sometimes to a minute and
functionless remnant densely adherent to surrounding tissue, or sometimes to a
small functioning kidney similar to the unilateral hypoplasia with well formed
calices and a normal ureter (Fig.21). Such a kidney may be responsible for
hypertension, however.

6. Renal Artery Stenosis

Renal artery stenosis can be responsible for some diminution in the size of
the kidney (Fig. 22). Where one side only is affected the difference is usually
easily measurable and other radiological features assist in the diagnosis. There
is a later appearance of the pyelographic shadow, but ultimately a denser medium
in the pelvis. In childhood the commonest causes of fibro-muscular hyperplasia
and the angiographic findings in the various types have been described by
Kincaip (1966). Hypertension is common and is the feature which leads to
investigation. Nephrectomy or arterial reconstruction is required.
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Fig. 21. Contracted kidney following renal vein thrombosis. Intravenous urogram in a boy
of 1 year who had a well documented left renal venous thrombosis in the first month of life.
The left kidney is very small but functions sufficiently well to produce a pyelogram

Fig. 22. Renal artery stenosis. Intravenous urograms in a child with severe hypertension.
The left kidney is smaller than the right but otherwise normal. Renal artery stenosis was
found and the blood pressure returned to normal after nephrectomy
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7. Medullary Necrosis

Medullary necrosis occurring in infancy may leave a kidney whose growth is
impaired and has clubbed irregular calices with atrophy of the papillae. Medullary
necrosis in the acute form is described by CHRISPIN (1972), occurring with acute
episodes of gastroenteritis, septicaemia or exsanguination, and in the early phases
is characterised by heavy opacification of the medullary zone during intravenous
pyelography. The later appearances are not entirely characteristic and closely
resemble pyelonephritis (Fig. 23).

Fig. 23. Medullary necrosis. Intravenous urogram in a 7 month old infant who had at the

age of 3 months a uraemic episode following gastro-enteritis. Urograms at the time showed

heavy opacification of the medulla. The illustration shows the late effects with clubbing of
the calices, easily mistaken for pyelonephritic scarring

8. Pyelonephritis

Pyelonephritis is much the commonest cause of a contracted kidney in later
childhood (Fig. 24). As described in Chapter J it is almost always associated with
reflux and sometimes with other congenital anomalies, such as renal dysplasia.
Characteristically the scarring is irregular, there is a patchy loss of parenchyma
with clubbing and elongation of the calices, and a superficial puckering of the
surface. In some cases, however, the kidney appears to be more evenly affected
and the calices more regularly blunted, though some would say that these exam-
ples are due to concomitant obstructive or arterial disease.

9. Obstructive Atrophy

Obstructive atrophy can cause a regular shrinkage of the kidney with loss of
parenchyma and blunting of the calices, but a smooth renal outline (Hopsox,
1972). This is most evident after an acute but correctable obstruction (Fig. 81),
but may also be seen in cases of urethral valves treated early in infancy, and
possibly in some examples of sterile reflux from a normal bladder.
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Fig. 24. Pyelonephritic contraction. Intravenous urogram in a child of 9 years with right
sided reflux. The right kidney is irregularly contracted with clubbed calices approaching the
surface of the kidney in the mid-zone

10. Post-Irradiation Atrophy

Post-irradiation atrophy occurs in children treated for nephroblastoma and
other malignancies where the surviving kidney has not been adequately screened
(SAGERMAN et al., 1969).

IV. Multicystic Kidney

The multicystic kidney is an extreme form of dysplasia associated with an
atretic ureter. The cysts are relatively few in number and large. They are loosely
bound together by scarcely recognisable renal tissue and the mass bears no
resemblance to a normal kidney (Fig. 25). The upper end of the ureter and renal
pelvis are obliterated and may not be found at all, but the lower ureter may be
patent and not infrequently allows reflux (Fig. 97). Multicystic kidneys are func-
tionless, and if the opposite one is normal they are harmless, though one causing
hypertension has been described (JAVADPOUR et al., 1970). Other abnormalities
are common: multicystic kidney may be found at autopsy on children dying of
multiple anomalies (SCHRODER et al., 1970), and it is often found with other dis-
orders of the urinary tract. PATHAK and WILLIAMS (1964) found in a series of
20 that the opposite kidney was normal or hypertrophied in only 7; 2 had small
dysplastic contralateral kidneys with reflux and renal failure, one had bilateral
multicystic disease and died at the age of seventeen days with anuria. In 11 cases
the opposite kidney was hydronephrotic with obstruction of the upper or lower
end of the ureter, or most characteristically with a mid-ureteric atretic segment
very similar to, though less extreme than, the ureteric lesion on the multicystic
side (Fig. 97). In 3 of the hydronephrotic cases cystic changes were present in
the functioning kidney. FLaNNAGAN and Kozaxk (1968) found only 7 contralateral
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anomalies in 22 cases, but it is clear that the risk to the child is from this contra-
lateral lesion. Treatment of the obstructive disorder is discussed on p. 184.

A palpable mass in the abdomen of a newborn child is the most common
presentation of multicystic kidney. Its coarse lobulation and the absence of other
signs often suggest the diagnosis. Radiologically it is functionless, but with very
large doses of opaque medium in infants producing total body opacification the
avascular cysts may be demonstrated as translucent spaces. On cystogram or
retrograde pyelogram an absent or blind-ending ureter is found. Other urinary
tract anomalies, such as fused kidney or the changes associated with prune belly
may be present. Direct cyst puncture is possible, and injection of opaque medium
outlines the cyst. Most of these kidneys are removed surgically, though this
operation is never urgent and is often perhaps unnecessary, except for final
diagnosis.

Fig. 25. Multicystic kidney. Specimen removed from an infant with normal contralateral
kidney

V. Infantile Polycystic Kidney

Of all forms of cystic disease the childhood polycystic disease of kidney and
liver is the most widely recognised and best defined. OsaTHANONDH and POTTER
(1964) use the term ‘“hamartomatous’ to describe it, but this nomenclature has
not gained general acceptance and fails to emphasise the importance of the hepatic
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as well as the renal anomaly. The topic has been well described from the genetic
and pathological viewpoint by BLyTH and OCKENDEN (1971). The cystic change
is bilateral and symmetrical, it is not associated in any consistent way with other
anomalies of the urinary tract but is invariably accompanied by cysts in the
liver. In the kidney there is a uniform distribution of radially arranged fusiform
cysts; they are lined by cuboidal or low columnar epithelium and produced by
dilatation of the distal convoluted tubules and collecting tubules (Fig. 26). The
glomeruli are normal. In the liver there is a proliferation and dilatation of the
portal bile ducts associated with a variable degree of periportal fibrosis. BLyTH
and OcKENDEN (1971) describe four types of this childhood disease related to the
number of nephrons involved. In the perinatal group the kidneys were very
large indeed and the child was stillborn or died very shortly after birth. In these
at least 90 per cent of renal tubules were affected by cystic dilatation. In the
neonatal group, bilateral large kidneys were again the presentation and were
associated with renal failure, but only about 60 per cent of the renal tubules were
affected. They died six or more weeks after birth. It seems likely that more of
these could be saved by careful treatment. In the infantile group large kidneys
were present, often with palpable hepatic enlargement, and though chronic renal

Fig. 26 Fig. 27

Fig. 26. Infantile polycystic kidney. Specimen removed at autopsy from a child dying shortly
after birth

Fig. 27. Infantile polycystic kidney. Intravenous urogram in a newborn infant with gross
bilateral renal swellings. The opaque medium outlines multiple minute tubular cysts through-
out the renal parenchyma
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failure was present, systemic or portal hypertension was the cause of the symp-
toms and sometimes of death. These children lived into later childhood and in
them only about 25 per cent of the renal tubules were affected. In the juvenile
form, hepatomegaly was the presenting sign and many of these children would
formerly have been diagnosed as having congenital hepatic fibrosis, but some
10 per cent of their nephrons were affected by cystic change. This form is some-
times described as renal tubular ectasia. Genetic studies showed that where
siblings were affected all members of the family fell into the same clinico-patho-
logical group, and it was suggested that a different gene mutation was responsible
for each group. The inheritance pattern was that of an autosomal recessive.

The clinical presentation of the neonatal and infantile form leaves little doubt
as to the diagnosis and it is confirmed radiologically. Pyelogram (Fig. 27) shows
opacification of multiple elongated cystic spaces throughout the parenchyma.
The opaque medium takes some hours to appear in this situation and will remain
for twenty-four hours or longer before going on to outline the urinary passages.
In the older children and adolescents with predominantly liver signs, high dose
pyelograms will again show opacification of the cystic spaces. Again these are
likely to be elongated and radially arranged, but are predominantly in the medulla.
It is important, however, that this disorder should be differentiated from sponge
kidney as seen in adults, and from medullary cystic disease described in a later
section. Renal biopsy and liver biopsy are easily accomplished and will give a
definitive diagnosis, but the radiological appearance is so characteristic that renal
biopsy is seldom necessary.

Treatment of the perinatal cases is of no avail, though the somewhat less
severe forms can be successfully managed in the early months by attention to
their electrolyte requirements and by restricting the protein intake. Many of
them go through a salt losing phase in early infancy, but later develop salt
retention and hypertension. In the children who progress well the cysts do not
appear to enlarge, and sometimes the kidneys seem to be smaller, at least in
proportion to the size of the child. Renal transplantation may well prove to be
a suitable treatment in the older surviving children provided that the liver disease
is not too serious.

VI. Adult Polycystic Kidney

The familiar adult form of polycystic disease has a different pathology and
a different form of inheritance from that found in infancy. Rounded cysts of
greatly varying size are found throughout the renal parenchyma; they may arise
from collecting tubules, from proximal convoluted tubules or from Bowman’s
capsules. All cysts are said to be in continuity with the tubules in the first place,
though this continuity may be lost with later expansion, and it is notable that in
contrast to the infantile cases the cysts are not opacified in intravenous urograms.
The disease is usually bilateral, although often asymmetrical, and in childhood
apparently unilateral cases occur. Liver involvement has been recorded in ap-
proximately one third of cases. The inheritance pattern is that of a dominant
gene and different generations of the family are frequently involved. BLyTa and
OCKENDEN (1971) record this type in childhood and indicate that one autosomal
gene with variable manifestations in the heterozygote is responsible.

Adult type polycystic disease has been found in the stillborn foetus, but has
also presented clinically with renal enlargement in later childhood. This may be
unilateral and the diagnosis between cystic disease and renal tumour may be
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difficult to establish. The pyelogram shows the characteristic enlargement of the
kidney with stretching of the calices (Fig. 28), and in the nephrogram phase
multiple translucent areas corresponding to the cysts. Arteriographically these
avascular areas may be shown up more clearly. Unfortunately in the consideration
of differential diagnosis a nephroblastoma tumour mass may also be somewhat
avascular. Nephrectomy has at times been performed for unilateral disease and
in at least one of these children a ten year follow-up has shown no change in the
opposite apparently normal kidney. In general, however, the disease is bilat-
eral, though possibly asymmetrical in its incidence, and surgery should be
confined to the treatment of complications.

a b

Fig. 28 a and b. Unilateral polycystic kidney of the adult type. a Intravenous pyelogram in

a boy of 9 years with haematuria and left renal enlargement. The calices are elongated and

distorted by large cysts. b Nephrectomy specimen. Polycystic disease with complicating
haemorrhage in the upper pole

Parents suffering from adult type polycystic disease not infrequently wish
to know if their children are similarly affected, but the early diagnosis may be
difficult to establish. In childhood an entirely normal urogram cannot rule out
very early disease. Later on the appearance of translucent areas in the nephrogram
should give some indication of the prognosis.
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VII. Medullary Cystic Disease: Nephronophthisis

It is usually believed that the two conditions described under these names
represent variations on a single rare disease process: a familial disorder, probably
due to an autosomal recessive gene and characterised by a progressive renal
failure and anaemia. The topic has been well reviewed by GiBsoN and ARNEIL
(1972), PEDREIRA et al. (1968), and GISELsON et al. (1970). Characteristically
several siblings are affected by polyuria and hyposthenuria with progressive
uraemia. There is no proteinuria and no abnormal urinary deposit. Changes are
not always evident at birth, but have an onset after a few years. Anaemia is a
common feature of the children and a few are hypertensive. Radiologically the
kidneys show poor concentration of opaque medium in organs of normal size, but
with very large doses of medium SPICER et al. (1969) and S1ao et al. (1970) were
able to demonstrate the medullary translucent areas in the nephrotomogram.

The progress of this disease is towards renal failure with progressive tubular
atrophy and ultimately death. In a few cases there has been an associated retinitis
pigmentosa.

VIII. Medullary Sponge Kidney

Although a common and well recognised condition in adults, this disorder is
very rare in children. It has been recognised by DELL’ADAMI and BORRELLI (1965)
and by SNELLING et al. (1970): in older children and adolescents rather more
cases have been described. A familial incidence is unusual. Pathologically there
are elongated tubular cysts in the pyramids of the medulla, but not in other parts
of the kidney, and often only a few pyramids are involved. The disease may be
unilateral or bilateral, and in a number of cases it has been associated with hemi-
hypertrophy of the body (HarrIsoN and WiLLiams, 1971). Complicating calculus
formation within the dilated tubule (Fig. 29) is responsible for most of the symp-
toms, which are due to recurrent passage of stones. Some cases have hypercalciuria.
No general deterioration of renal function occurs except where due to calculous
obstruction and infection. The diagnosis is made radiologically, when on intra-
venous pyelogram the cysts fill forming brush-like projections from the calices.
Nephrocalcinosis may be simulated by the appearance of the calculi in the tubules,
but the opacification of the cystic spaces during urography is the diagnostic
feature. A similar appearance is seen in the rare EMG syndrome (Fig. 30) in
severely abnormal children described on p. 78. Treatment in medullary sponge
kidney aims at eliminating infection and occasionally removing obstructing
calculi. In very rare instances nephrectomy or hemi-nephrectomy may be desirable.

IX. Multilocular Cysts (Cystadenoma)

In this condition a cystic mass is present in the kidney which is clinically and
radiologically indistinguishable from tumour. The mass, which frequently replaces
the greater part of the kidney, is enclosed within a single capsule, but part of it
may project as a tongue-like excrescence into the renal pelvis and down the ureter.
The remainder of the kidney is compressed by the tumour and by the consequent
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ureteric obstruction (Fig.31). The disease is unilateral, presenting as a renal
tumour and diagnosed only after nephrectomy. There may, indeed, be some
difficulty in distinguishing it from a well differentiated form of nephroblastoma
(FowLER, 1971), but the prognosis with multilocular cysts is excellent.

Fig. 29 Fig. 30

Fig. 29. Radiograph of excised kidney from a girl aged 17 years with recurrent urinary in-
fection and unilateral changes of medullary sponge kidney showing the distribution of calculi
in the cystic dilated collecting tubules

Fig. 30. EMG syndrome. Intravenous urogram in an adult woman showing the combination
of collecting tubule opacification as in medullary sponge kidney with multiple spaces having
the appearance of caliceal diverticula

X. Serous Cysts

The very common serous cysts found in adult life are very seldom observed
in childhood, although a few cases were collected by AEMED (1972). The symptom-
less mass is felt and urograms demonstrate the large avascular lesion. Cyst punc-
ture is, of course, possible, but in general exploration is desirable in a child since
a tumour is a very much more likely diagnosis. The simple cases require only
uncapping of the cyst. The lesion has been observed in association with severe
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lower urethral obstruction and perhaps in some cases represents an encapsulated
extravasation.

Fig. 31. Multilocular cysts (cystadenoma or lymphangioma). Nephrectomy specimen from
a boy with a unilateral nonfunctioning renal mass

XI. Pyelogenic Cysts (Caliceal Diverticula)

Small and usually solitary cystic spaces communicating with the normal calix
are not uncommon and are sometimes described as pyelogenic cysts. They are
lined by flattened epithelium and, though usually uncomplicated, may contain
a stone or be associated with recurrent infection. Often they are found during
the routine investigation of a child with abdominal pain or infection, and their
relationship to the symptom is obscure. Surgery is seldom required, though in
the case of persistent infection a partial nephrectomy or wedge excision of the
cyst bearing area may be performed. The differentiation from hydrocalicosis
(Chapter N) may sometimes be difficult if the cyst is large.

XII. Microcystic Disease

Cystic dilatation of the proximal tubule is often found in the congenital
nephrotic syndrome, particularly in Finnish children, and is referred to as micro-



78 Renal Anomalies

cystic disease. These children do not enter the differential diagnosis with other
forms of cystic disease and are not further discussed in this chapter.

XIII. Cystic Disease and the Multiple Anomaly Syndromes

Cystic disease of one form or another has been described in relation to almost
all congenital abnormalities, and the exact pathological details of the kidney are
seldom defined. As already remarked, bilateral multicystic kidney may be asso-
ciated with Potter’s syndrome and with the characteristic effects of oligohydram-
nios. Unilateral multicystic kidney is often found in the prune belly syndrome. In
tuberose sclerosis multiple renal cysts or hamartomata are not infrequent on pyelo-
graphy and they are sometimes the cause of symptoms. Radiologically the kidneys
in this disease resemble those of the adult type of polycystic disease with avascular
translucent areas in the nephrogram. The diagnosis is made from the associated
features of mental deficiency, epilepsy and adenoma sebaceum on the face.

There are rarer multiple congenital syndromes, however, in which a “poly-
cystic kidney”’ is a feature. Thus in the autosomal trisomy syndromes, which are
well reviewed by TayLOR (1968), polycystic disease is common. In Edward’s syn-
drome (trisomy 18) polycystic renal cortex was found in 15 per cent, in Patau’s
syndrome (trisomy 13-15) in 33 per cent of cases. The kidney disease was, of
course, a relatively unimportant feature of the total syndrome which involves
severe growth and development retardation with mental defect. Several other
familial conditions believed to be due to an autosomal recessive gene are described
in the literature (see appendix). Thus Meckel’s syndrome (syn: Gruber, syn:
dysencephalia splanchnocystica) is described by Hsia et al. (1971); affected
cases had occipital encephalocele, cleft lip, polydactylism, polycystic kidneys and
a microgenitalism or ambiguous genitalia. The relationship of this to the oral-
facial-digital syndrome described by TUCKER et al. (1966) is not altogether clear.
The syndrome described by SmitH, OPITZ and INHORN (1965), and subsequently
by PassargE and McCADAMS(1967),as cerebro-hepato-renal syndrome is characteris-
ed by hypotonia, failure to thrive, jaundice with biliary atresia, abnormal cranio-
facial development and polycystic kidneys. D’AcNosTINO et al. (1963) describe an
association between polycystic kidneys and the Dandy-Walker syndrome,in which
internal hydrocephalus is found with cystic dilatation of the 4th ventricle.

Renal cysts are also recorded in the von Hippel Lindau syndrome with retinal
angiomata and cerebellar haemangioblastomata.

The E.M.G. syndrome (exomphalos, macroglossia, gigantism) is a complex
anomaly presenting in varying degrees of severity (Irvineg, 1970). The features
which give it its name are not always the most remarkable: other characteristics
are exophthalmos, enlargement of the clitoris and bony abnormality of the
metacarpals and phalanges. Some cases have renal failure, and a characteristic
urographic appearance is a combination of collecting tubule opacification, as seen
in the medullary sponge kidney, with multiple caliceal diverticula (Fig. 30).

XIV. Fused, Ectopic and Dysmorphic Kidneys

The major anomalies of position, form and fusion of the kidneys are well
recognised and adequately described. The term dysmorphic is used as a general
one to indicate mis-shapen kidneys in various positions, including those with
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simple-rotation. All these anomalies will be encountered more frequently in a
paediatric urological practice than amongst adults since they are apt to be
associated with other congenital abnormalities. Thus, BoATMAN et al. (1972)
found other congenital malformations in a third of 96 patients with horseshoe
kidney: these included major chromosomal aberrations (e.g. Turner’s syndrome)
and a variety of cardio-vascular, gastro-intestinal and central nervous lesions.
Renal anomalies occur in the Laurence Moon Biedl syndrome: horseshoe kidney
and hydronephrosis have presented in our experience. In Fanconi’s pancytopaenia,
anomalies of renal fusion and rotation are recorded, but multiple urinary tract
anomalies may be seen. Polycalicosis has been recorded in the Rubenstein Taybi
syndrome (BERAUD et al., 1970).

The dysmorphic kidney may be dysplastic in the histological sense, or may
have a normal renal architecture, but in the case of a solitary dysmorphic kidney
complications are frequent and may lead to renal failure. Thus, the solitary pelvic
kidney has been recently reviewed by ScHULMAN (1970), and his series contains
a number in which death was apparently due to renal failure. In the case of this
anomaly genital malformations are extremely common, particularly absence of
the uterus and vagina in the female. TANENBAUM et al. (1970) have found similar
anomalies associated with a solitary crossed renal ectopia; renal failure in these
cases will be associated with infection complicating disorders of ureteric drainage.
In the case of the pelvic ectopic and crossed ectopic kidneys, ureteric dilatation
with or without reflux is common (Fig. 32), but it is unusual to get a pelvi-ureteric

Fig. 32. Crossed renal ectopia with fusion, with dilated ectopic and refluxing crossed right
ureter. Intravenous urogram in an infant girl with infection and incontinence



80 Renal Anomalies

obstruction especially as in many cases a true pelvis is not formed, the ureter
splitting into a number of extra-renal calices. In the horseshoe kidney and mal-
rotated kidney in the lumbar region, however, pelvic hydronephrosis is a common
complication. Recent studies have placed increasing emphasis on the importance
of the anomalous blood supply to these abnormal kidneys. The anatomical arrange-
ments have been discussed by GRAVES (1969) and the radiological studies made
by THIEMAN and WIENERS (1970).



G. Urinary Tract Infection

T. M. BARRATT

I. Introduction

Urinary tract infection is inextricably interwoven into the fabric of paediatric
urology, for it commonly causes the symptoms that first draw attention to the
child’s illness and to a large extent determines the ultimate prognosis. There
have been several symposia in recent years which should be consulted for detailed
discussion of the material presented in this chapter (Kass, 1965; O’Grapy and
BrumrrrT, 1968; STUART, 1969; KincaID-SMiTH and FATRLEY, 1970).

II. Diagnosis of Infection

1. Clinical Features

The classical features of urinary tract infection are too well known to require
further elaboration. However, only one third of children found to have persistent
bacteriuria during community surveys have symptoms referrable to the urinary
tract (KoNin, 1968a). Conversely, only 45 per cent of individuals with frequency
and dysuria—the urethral syndrome— prove to have significant bacteriuria on
investigation (MoND et al., 1965). Symptoms and signs are therefore unreliable
as indications of urinary tract infection and urine culture is always required for
confirmation, particularly in view of the implications for radiological investigation
and follow up of that diagnosis.

In infants the clinical features may be even more deceptive. Anorexia, vomiting
and diarrhoea may mimic gastroenteritis, cause saline depletion and further
impair renal function. Jaundice of an obstructive pattern sometimes occurs
(SEELER and HAHN, 1969), and other cases are to be found in that all-embracing
category of failure to thrive. In this age group, there is a special risk of septicaemia
spreading from a renal focus with attendant complications of disseminated intra-
vascular coagulation or meningitis.

2. Significant Bacteriuria

The concept of significant bacteriuria was introduced by Kass (1956, 1957).
Bacteria present in the bladder will multiply and, particularly in an early morning
specimen of urine, be present in concentrations of greater than 105/ml; bacteria
acquired during voiding will be present in smaller numbers, less than 104/ml.
Laboratory methodology for the enumeration of bacteria in urine has been review-
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ed by Kunin (1968b). As significant bacteriuria, i.e. more than 105/ml, will only
be confirmed on second culture in 80 per cent of cases (Kass, 1962), the definitive
diagnostic criteria of urinary tract infection (or persistent bacteriuria) adopted
by Kuniv et al. (1964) were significant bacteriuria with the same organism or
Escherichia coli serotype in three consecutive urine cultures. Such perfection is
expensive and difficult to attain in clinical practice, but is essential for epidemio-
logical surveys, and less elaborate techniques should be regarded as only approxi-
mations to this ideal dictated by economic or logistic considerations.

It has been suggested that the diagnosis of urinary tract infection is sharpened
if the bacterial excretion rate is considered rather than bacterial concentration
in urine (LAMPERT and BERLYNE, 1971), but the effect of this correction is small.

3. Pyuria

Uncentrifuged fresh urine should be examined for leucocytes in a counting
chamber: microscopy of the centrifuged deposit is of little value (HousToxn, 1969).
Care must be taken to differentiate renal tubular cells (PREscoTT and BRODIE,
1964), especially in the first weeks of life (CRUICKSHANK and EpMonD, 1967).
Many authors have reported data on the leucocyte excretion in normal children;
more than 10 WBC/mm? are taken to be abnormal in older children (STANSFELD,
1962), but higher levels are observed in apparently healthy neonates, and LincoL~y
and WINBERG (1964Db) suggest 25 WBC/mm3 and 50 WBC/mm?® as the upper
limits in males and females respectively. LITTLEWOOD (1971) reports that 97 per
cent of male and 95 per cent of female infants on the sixth day of life have fewer
than 5§ WBC/mm3 in their urine. The observed levels of normal leucocyte excretion
are, however, very dependent upon the technique of urine collection (vide infra).

Observations of leucocyte excretion must be regarded as of secondary impor-
tance to the quantitation of bacteriuria; for example, less than 50 per cent of
girls with persistent significant bacteriuria have pyuria (KuNIN, 1970), though the
proportion is higher with recurrent or symptomatic infections.

Quantitative leucocyte excretion rates and provocation tests with bacterial
endotoxin (PEARs and HoueTHON, 1959) or prednisolone (LiTTLE and DE WAR-
DENER, 1962) have not materially contributed to the diagnosis of pyelonephritis,
but have not been systematically evaluated in children.

4. Specimen Collection

No amount of laboratory expertise can overcome inadequate specimen collec-
tion. The problem is particularly severe in neonates. Urine samples may be
collected in sterile plastic bags, by the clean catch technique, by catheterisation
or by suprapubic aspiration. Bag specimens are the least satisfactory due to the
high incidence of false positive bacteriuria and pyuria in comparison with clean
catch specimens (Houston, 1963). The latter technique makes substantial de-
mands on nursing time and requires obsessional cleansing of the labia in females
(LincoLN and WINBERG, 1964a), but still gives false positive results for both
bacteriuria and pyuria in comparison with suprapubic aspiration (NEWMAN et al.,
1967). Urethral catheter specimens are not superior to those obtained by a clean
catch (McCARTHY and PRYLES, 1963).

Suprapubic aspiration of the bladder has emerged as the definitive method of
urine sampling (PRYLES et al., 1959; NELsoN and PETERS, 1965; SAccHAROW and
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PryLES, 1969). In normal subjects urine collected by this method does not contain
any bacteria. The technique is simple, though a common error, particularly in
neonates, is to insert the needle too close to the symphysis pubis. The complication
rate is low, and puncture of organs other than the bladder does not seem to be
harmful (WEATHERS et al., 1969). Nevertheless, the technique is hardly suited to
the repetitive sampling required in most children with urological abnormalities
and should be reserved for occasions when the data obtained by other methods
is inconclusive.

Specimens of urine should be refrigerated immediately and transported to the
laboratory without delay to minimise bacterial multiplication. Leucocytes are
unstable, particularly in alkaline urine, but may be preserved by the addition of
boric acid (PORTER and BRODIE, 1969).

5. Screening Techniques

A major impediment to the investigation and management of urinary tract
infection in childhood has been the lack of an adequate screening technique
for bacteriuria. The ideal method would produce no false negative results and
only a limited proportion of false positives. It should be cheap and of such simplic-
ity that it could be undertaken by the parent in the home. Methods based on the
bacterial metabolism of triphenyltetrazolium or nitrite, or on urinary catalase
activity, have not fulfilled these criteria (SmrTH and ScHMIDT, 1962). Bacteria
multiplying in the urine consume glucose; subnormal urinary glucose concentra-
tions are a reliable indication of significant bacteriuria (SCHERSTEN et al., 1967)
particularly after incubation at 37° C for 8 hours (MATSANIOTIS et al., 1971) and
a test paper has been devised for this purpose (SCHERSTEN, 1968). The system
looks promising, but reports of its reliability in clinical practice have not been
published.

Another approach has been to simplify techniques of urine culture by the
preparation of glass slides coated in culture media which can be dipped in the
urine sample—the dip-slide test (GUTTMANN and NAYLOR, 1967 ; CorEN and Kass,
1967). A commercially available variant of these systems has been tested by
ARNEIL et al. (1970) in paediatric practice and found to be satisfactory.

III. Bacteriology

1. Infeeting Organism

In uncomplicated urinary tract infections, Escherichia coli predominates: in
the study of KuNiN and Harmacy1 (1962) it was the principal pathogen in 84 per
cent of bacteriuric school children. Other organisms were Klebsiella aerogenes,
Proteus mirabilis, Staphylococcus albus, Streptococcus faecalis and Pseudomonas
pyocyaneus. In recurrent infections or those complicating urological malforma-
tions, organisms other than Escherichia coli are found with relatively greater
frequency, and mixed infections are common (GouLp, 1968).

The Escherichia genus is antigenically very complex, comprising some 150
0-, 90 K- and 50 different H-antigens. The question arises whether the urinary
tract is particularly prone to infection by a restricted number of strains (the
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theory of special pathogenecity) or whether the distribution of infecting strains
reflects their occurrence in the environment (the prevalence theory). GRUNEBERG
et al. (1968) have reviewed this problem and demonstrated that the distribution
of Escherichia coli O-serotypes in the urine of bacteriuric individuals reflected
that in their faeces which did not differ from non-bacteriuric controls. These data
support the prevalence theory of urinary pathogens and implicate the bowel as
the major reservoir of infecting organism. There is some evidence, however, that
Escherichia coli strains rich in K-antigen, which is associated with virulence, are
commoner in bacteriuric individuals with upper tract involvement (GLYNN et al.,
1971).

2. Recurrences

Recurrent infection may be either re-infection with a new strain or relapse
of the original strain suggesting incomplete eradication. BERGSTROM et al. (1967)
report that up to 85 per cent of recurrences are due to re-infection. Kunix (1970)
has presented a similar estimate, and also demonstrated that relapse tends to
occur earlier than re-infection: 80 per cent of the relapses but only 50 per cent of
the re-infections were detected within six months of the previous episode.

3. Bacterial Variants

Under the influence of many antibiotics and environmental stress bacterial
cell wall synthesis may become defective: the resulting organism is larger, pleo-
morphic and more susceptible to osmotic stress. These variants have been called
L-forms, spheroplasts or protoplasts (FrincoLD, 1960). Using special culture
techniques for their detection, GUTMAN et al. (1967) detected L-forms in the urine
of 19 per cent of individuals with presumed chronic pyelonephritis. These L-forms
may persist in the osmotically favourable environment of the renal medulla. An
important therapeutic consideration is that, whilst they lose the antibiotic sensi-
tivity of the parent organism, they become sensitive to erythromyecin.

4, Localisation of Infection

For many years clinicians have attempted to differentiate between those
infections involving the kidney and those confined to the bladder on the basis
of clinical features. The definitive technique is sampling of ureteric urine (STAMEY
et al., 1965); by this method WHITARER and HEWSTONE (1969) demonstrated that
20 per cent of urinary infections in children involved the upper urinary tract.
A less exacting technique is to determine whether bacteriuria persists after ne-
omyecin bladder washouts (FAIRLEY et al., 1967); equivocal results, however, have
been obtained in children (GIRADET and FRUTIGER, 1970). Of the indirect methods
of localisation (REEVES and BRUMFITT, 1968), high titres of agglutinating antibody
(WINBERG et al., 1963 ; BRUMFITT and PERCIVAL, 1965) are probably more reliable
than the maximum urinary osmolality (WINBERG, 1958; CLARK et al., 1969). The
value of the knowledge of localisation may be questioned, but as there is evidence
of a lower cure rate if the upper tract is involved (BRUMFITT and REEVES,
1969), these patients should be followed up with greater care.
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IV. Epidemiology

1. Neonates

Epidemiological studies of the incidence of urinary tract infection in neonates
have been hampered by the limitations of urine sampling techniques discussed
above. Nevertheless, all authors are agreed that symptomatic bacteriuria and
pyuria are more common in male than female infants. For example, LiNncoLN
and WINBERG (1964 a), using a scrupulous clean catch technique found 8 urinary
tract infections in 298 male infants (2.7 per cent) but none in 286 females. They
stressed that “‘asymptomatic’” bacteriuric neonates were liable to develop overt
illness subsequently.

2. Sehool Children

There is a dearth of epidemiological data on the incidence of urinary tractinfect-
ion in the pre-school child. This is unfortunate, for it is probably the age at which
most pyelonephritic scarring occurs (SMELLIE et al., 1964 ; ROLLESTON et al., 1970).

The natural history of bacteriuria in school children has been documented
by the comprehensive surveys of KuNIN (1968a, 1970; KUNIN et al., 1964). The
prevalence of persistent bacteriuria in boys is very low but in girls is 1.2 per cent.
To this population are added a further 0.3 per cent per annum so that by the age
of 16 years an estimated 4.5 per cent of girls will have been infected. Only one
third of bacteriuric girls have symptoms referrable to the urinary tract at the
time of diagnosis, but a further third develop symptoms subsequently. The inci-
dence of infection was not related to socio-economic status, and there were only
minor differences between white and negro girls.

These studies provide important information on the incidence, unbiased by
referral patterns, of associated urological malformation in girls with bacteriuria
(Kunixn et al., 1962). Eighteen per cent were found to have caliectasis on the
initial intravenous urogram and 4 per cent had one markedly shrunken kidney.
Nineteen per cent were found to have vesico-ureteric reflux on the initial cysto-
gram: 35 per cent in the age group of 5-9 years, falling to 11 per cent in those over
15 years of age. Curiously, both caliectasis and vesico-ureteric reflux were almost
confined to white girls and their incidence was very low in negro children. Ureteral
duplication was observed in 3 per cent of the bacteriuric girls and other urological
malformations were very unusual.

All girls with persistent bacteriuria were treated, but within 3 years 75 per cent
of the white and a slightly lower percentage of negro girls relapsed. After 3 years
of freedom from bacteriuria, the incidence of recurrence falls to about 3 per cent
per annum; this, however, is still substantially greater than the risk of normal
school girls (0.3 per cent per annum). After a few years the incidence begins to
rise again in association with marriage, and 53 per cent of girls who had been
observed to have bacteriuria during their school years developed bacteriuria again
within 3 months of marriage.

V. Immunology of Urinary Tract Infection

1. Serum Antibody Response

Over the age of two months, infection of the urinary tract sometimes elicits
the production of specific agglutinating antibody (NEEDELL et al., 1955). These
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antibodies are directed against the O-antigen of the infecting Escherichia coli
and are of IgM class (HaNsoN et al., 1969). Their production in children has been
shown to correlate with parenchymal involvement as evidenced by symptoms
(ANDERSEN et al., 1965b; ANDERSEN, 1968) or ureteric catheterisation (HEWSTONE
and WHITARER, 1969). Occasionally, the antibody titre suggests renal infection
when the urine is sterile (ANDERSEN et al., 1965a): in these cases the appropriate
Escherichia coli O-serotype can be identified from the faeces (ANDERSEN et al.,
1965c). The titre usually subsides after infection with a half-life of about 8 days
(Haxsox et al., 1970). With recurrent infection, however, IgG antibodies, which
are better detected by immunoprecipitation techniques, are formed. Thus Hansox
et al. (1969) demonstrated precipitating antibodies in all of 13 children with
recurrent infection, but in only 5 of 20 children in their first known attack, and later
confirmed that they were IgG class (HaNsON et al., 1971). This phenomenon is
unlikely to be the usual secondary response to repeated infection, for most re-
currences are re-infection with a new O-serotype, and its significance is not clear.

Whether serum antibodies contribute to the eradication of infection and
protection against re-infection, or whether they are an epiphenomenon of the
disease process, or whether indeed they contribute to chronicity, has yet to be
resolved. However, individuals with hypogammaglobulinaemia are not at special
risk of urinary tract infections (Medical Research Council, 1971) so that the pro-
tective role of circulating antibody in man is probably slight. Indeed, of the many
syndromes characterised by deficiency of immunological systems, only the defec-
tive polymorphonuclear leucocyte function of chronic granulomatous disease has
been attended by an unusual incidence of urinary tract infection (KoNTRAS et al.,
1971).

2. Local Antibody Production

Immunoglobulin A is the characteristic immunoglobulin of body secretions;
it is locally synthesised (FELDMAN et al., 1971) and found in the urine in conjunc-
tion with another protein—the secretory piece—as secretory IgA (BIENENSTOCK
and Tomasi, 1968). Secretory IgA concentrations rise in the urine during acute
infection (KAUFMAN et al., 1970; UEHLING and STEIHM, 1971) and IgM can also
be detected (Burpow, 1970). However, Escherichia coli O-specific antibody in
urine is of IgG class (VosTr and REMINGTON, 1968), and in experimental pyelone-
phritis, most locally produced antibody is IgG class (LEEMANN et al., 1968;
Haxp et al., 1970). There is no evidence to date to support the attractive hypo-
thesis that recurrent urinary tract infections are due to a deficiency of local
antibody defence systems.

3. Immunological Faectors in Chronicity

Bacterial antigen may persist in the kidney after the urine has become sterile.
Aoxr et al. (1969) demonstrated by immunofluorescence Kunin’s (1963) antigen
(which is shared by most strains of Enterobacteriaceae)in6 of 7 cases of “abacterial”’
pyelonephritis. Experimentally, CorraN (1963) showed the persistence of Proteus
antigen and antibody in the kidney although the urine was sterile. It is possible
that persistent bacterial products in the kidney may elicit a continuing anti-
body response and inflammation. The role of cell mediated immunity in this
situation has not been evaluated.
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VI. Experimental Observations

There is a large body of experimental work on urinary tract infection from
which only a few topics will be selected for discussion.

1. Urine as a Culture Medium

Normal urine sustains the growth of bacteria: the mean generation time of
Escherichia coli is 60 minutes, but is increased at the extremes of physiological
urinary pH and at high osmolality (ASSCHER et al., 1966). The persistence of bac-
teria within the urinary tract, however, is determined not only by their growth
rate but also by hydrodynamic factors (O’GRaDY and CATTELL, 1966 a, b).
O’GRADY et al. (1968) have constructed a mechanical model simulating conditions
of bacterial growth in the bladder and have also described analogue and digital
computer models: from these the relative influence of bacterial growth rate,
urine flow rate, residual volume and frequency of micturition on bacterial coloni-
sation of the bladder can be observed. They do not take into account, however,
the intrinsic defence systems of the bladder, whereby organisms are lysed on
contact with urothelium (Cox and Hinman, 1961; NORDEN et al., 1968).

2. Haematogenous Pyelonephritis

Intravenous injection of gram-positive bacteria results in pyelonephritis; with
gram-negative organisms it is difficult to infect the kidney reproducibly (GORRILL,
1968). Renal localisation is enhanced if the kidney is massaged (BRAUDE et al.,
1955) or the ureter obstructed (GoRrILL, 1956; GUzE and BEEson, 1956). These
techniques differ in their effects: if the kidney is massaged, a larger proportion
of the injected bacteria are localised in the kidney, whereas obstruction does not
greatly increase the localized infecting dose but renders the kidney more suscep-
tible to a small number of bacteria which multiply rapidly. The medulla is much
more prone to infection than the cortex (FREEDMAN and BeEsoN, 1958), and any
injury in that area strikingly enhances the localisation of bacteria (RocHA et al.,
1958). The greater susceptibility of the medulla is attributed to its high osmolality,
for water diuresis provides some protection from haematogenous pyelonephritis
(ANDRIOLE and EpsTEIN, 1965). Caution must be exercised, however, in extra-
polating from one animal model to another or to the human situation (BEESON,
1967).

3. Ascending Infection

It is difficult to induce pyelonephritis reproducibly in the experimental animal
by the introduction of bacteria into a normal bladder. AsscHER et al. (1970)
injected Escherichia coli intravesically into rats with the urethra clamped and
massaged the bladder: under these circumstances all have vesico-ureteric reflux.
Their technique resulted in pyelonephritic scarring and inhibition of compen-
satory hypertrophy following contralateral nephrectomy. Interestingly, heat-
killed Escherichia coli, which did not cause scar formation, also prevented com-
pensatory hypertrophy.
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VIL. Specific Urological Associations

1. Vesicoureteric Reflux

Reflux is abnormal (WiLLiaMs, 1965) but is found in approximately 30-50 per
cent of children with urinary tract infection (KuNIN et al., 1962; SMELLIE and
NormaNnD, 1966). The incidence diminishes with age (BARER et al., 1966), and
disappears in 40 per cent of treated children (SMELLIE, 1966). To account for
these observations it has been proposed that with growth the intramural segment
of the ureter elongates and the tendency to reflux is thereby diminished (HuTcu
et al., 1963). Whether reflux by itself is important has not yet been resolved,
but there is now abundant evidence that reflux and infection is a potent cause
of pyelonephritic scarring (SMELLIE et al., 1964). A controlled trial of reflux pre-
vention surgery demonstrated a reduction in the incidence of infection and an
increase in renal growth in the operated group (ScorT and STANSFELD, 1968).
It is important to recognise that reflux is not a homogeneous disease; failure to
appreciate its variety has been a source of conflicting opinion in the literature
(see Chapter J).

2. Minor Urological Abnormalities

There is no doubt that a major factor in the genesis of urinary tract infection
is the shortness of the female urethra, but other factors must be involved (RoBson
and MaNLEY, 1970). Distal urethral stenosis (Lyon and TaxagrO, 1965), sub-
clinical neurogenic bladder (LaPipES and CosTELLO, 1969) and psychological
factors influencing bladder function (CAMPBELL, 1970) have been invoked, and are
discussed in Chapter I.

3. Obstructive Uropathy

The susceptibility of the obstructed kidney to infection has been described
above. In these patients, urinary tract infection may take a more acute and
virulent course. Renal destruction and general ill-health resulting from pyone-
phrosis may require urgent surgical drainage of the urinary tract.

4, Caleulus Disease

The association between urolithiasis and infection with Proteus species is
described in Chapter U. Failure to eradicate the infection is the major cause of
recurrence of stones (GHAZALI et al., 1973). If the stone obstructs the flow of urine,
pyonephrosis may supervene, and some cases described by the term xantho-
granulomatous pyelonephritis are really examples of this disease (HABIB et al,,
1968).

5. Catheterisation

The introduction of drainage tubes into the urinary tract carries a high risk
of infection. Substantial improvement, however, can be attained by the use of
closed drainage systems (Kunin and McCormack, 1966).
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VIIIL. Functional Sequelae of Urinary Tract Infection

1. Acute Infection

The most characteristic disturbance of renal function in acute pyelonephritis
is a diminished capacity to concentrate the urine (WINBERG, 1968); this defect
is closely associated with renal infection as shown by antibody response or ureteric
catheterisation (BRUMFITT and REEVES, 1968). Between attacks, the concentrating
capacity returns to normal, unless there is urographic abnormality (APERIA et al.,
1970). Glomerular filtration rate is reduced, as is effective renal plasma flow,
measured by the para-aminohippurate clearance (CALcAGNO et al., 1968). In re-
current urinary tract infection there is also a sub-clinical defect in hydrogen ion
excretion with a diminished bicarbonate threshold, even if the glomerular filtration
rate is normal (BERG et al., 1971). Gastrointestinal salt and water losses due to
diarrhoea, vomiting and poor fluid intake lead to extracellular fluid volume
depletion, often with hypernatraemia due to a predominant water deficit, and
metabolic acidosis. Renal function may be still further depressed by septicaemia,
especially if it is complicated by disseminated intravascular coagulation (ABILD-
GAARD, 1969). This propensity of the young infant to dissemination of infection
is attributed to the low serum IgM concentration (GITLIN et al., 1963); in the
first two months of life, systemic Escherichia coli infections do not elicit the
response of agglutinating antibody characteristic of older individuals (HANsoN
et al., 1970).

2. Chronic Pyelonephritis

There are no functional disturbances that are pathognomic of chronic pyelone-
phritis. In a study of small diseased kidneys, BEra et al. (1970) found that single
kidney glomerular filtration rate could not be predicted from the intravenous
urogram, but that depression of glomerular filtration rate correlated best with
a history of recurrent infection. Contrasting dysplastic and pyelonephritic kidneys,
Ericsson (1970) suggested that a high Tm glucose/GFR ratio, implying nephron
underperfusion, was characteristic of infected kidneys. Both these studies empha-
sise the importance of urinary infection as a cause of diminished glomerular filtra-
tion rate.

There is a strong association between chronic pyelonephritis and hypertension,
reviewed in Chapter D. In some of these cases, particularly those with otherwise
relatively good renal function, the hypertension is mediated by the renin-angio-
tensin system and is probably due to ischaemic areas resulting from pyelonephritic
scarring.

IX. Chronic Pyelonephritis

1. Pathological Diagnosis

A major limitation to the understanding of urinary tract infection has been
the lack of satisfactory pathological criteria for the diagnosis of chronic pyelone-
phritis (HEPTINSTALL, 1967). The principal features were described by Werss and
PARKER (1939); the gross appearance of the kidney is as important as the micro-
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scopic. The hallmark of chronic pyelonephritis is the cortical scar, which, unlike
that of hypertension or ischaemia, is associated with dilatation of the underlying
calix (SmrrH, 1962). The kidneys are irregularly and unequally contracted. On
histological examination periglomerular fibrosis and hyalinisation of glomeruli
may be seen. Tubular changes are more severe: they are atrophic, sometimes
dilated and containing eosinophilic casts (thyroid-like changes) and there are
inflammatory cells in the interstitium. As the changes may be focal, a needle
renal biopsy is sometimes inadequate to display them satisfactorily.

Some authors (ROSENHEIM, 1963; MACGREGOR, 1970) have drawn attention
to what they regarded as another type of pyelonephritic kidney with a smooth,
even contraction. The bacterial aetiology of this disease is open to question. In
adults a common diagnostic problem is the differentiation of pyelonephritic lesions
from those of ischaemia, hypertension or nephrotoxins such as phenacetin. In
children, however, it is the distinction between pyelonephritic and dysplastic
kidneys that is most troublesome. Some features are highly suggestive of dys-
plasia: the presence of cartilage cells, sheets of primitive mesenchyme and macro-
scopic cysts (Errcsson and IVEMARK, 1958 a, b; BERNSTEIN, 1968). Such kidneys
are commonly infected and it may be difficult to decide to which pathological
process the renal inadequacy should be attributed.

2. Radiological Diagnosis

Hobson (1965, 1967) has defined the radiological features of chronic pyelone-
phritis. The small, unequal kidneys grow poorly (for standards see Hopsox et al.,
1962) and scars with associated caliectasis are typical. Children with pyelonephritic
scarring usually have vesico-ureteric reflux (Hopson and Epwarbps, 1960); the
scars are usually present from a very early age (SMELLIE et al., 1964; HobsoN
and WiLsow, 1965; RoLLESTON et al., 1970).

3. Bacteriology

In many individuals with a presumptive diagnosis of chronic pyelonephritis
the urine is sterile. ANGELL et al. (1968) have doubted the role of infection in such
cases. Culture of renal biopsy material is only very occasionally diagnostic if the
urine is free of bacteria (JacoBsoN and NEWMAN, 1962). The demonstration of
bacterial antigen by immunofluorescence in “abacterial”’ pyelonephritis suggests
a new diagnostic approach (AokI et al., 1969).

4. Natural History of Pyelonephritis

A central, but unresolved, question is the relationship between urinary tract
infection of childhood and death from renal failure attributed to chronic pyelone-
phritis in later life (MAcGREGOR, 1970 ; BARRATT and MacAULAY, 1973). Review of
patients 10-20 years after the diagnosis of urinary tract infection in childhood
reveals a disturbingly high incidence of severe renal damage, particularly in
males (MacauLAY and SurToN, 1957; STEELE et al., 1963; LiNnBLAD and EREN-
GREN, 1969) but there are many sources of bias in such observations, and it is
clear that children with urinary tract infection must be regarded as a heteroge-
neous group with varying prognoses (MacGrEGOR and FREEMAN, 1968). Mac-
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GREGOR (1970) describes a small group of patients, predominately female, who
succumb to ‘“‘pyelonephritis lenta’ in early adult life, and stresses the incidence
of vesico-ureteric reflux in them. He also raises a very complex question:

“... an adverse influence becoming steadily more obvious with advancing
age is operating upon women to cause a large and disporportionate number of
deaths from chronic pyelonephritis in the female sex between 50 and 70 years
of age. The necessary deduction seems to be that it is not until this epoch that
we witness the final impact of renal damage inflicted by urinary infection in
childhood.”

The relationship between childhood urinary infection and pyelonephritis in
later life has not, however, been established, nor will it be so until epidemiological
surveys such as those of KUNIN et al. (1964) have run their full course: the de-
finitive answer to this problem cannot be expected until the end of the century.

X. Treatment

1. Basic Considerations

Medical treatment of urinary tract infection involves measures designed to
minimise bacterial colonisation of the urinary tract such as a high fluid intake
with frequent micturition and the administration of antibiotics. Table 5 describes

Table 5. Sensitivity to drugs of bacteria causing urinary infections. Res. = resistant to con-
centrations attainable in urine. Modified from Garrop and O’Grapy (1972)

Drug Concen-  Minimum Inhibitory Concentration (pg/ml)
tration
attained  Esche- Proteus  Klehsiella Pseudo- Staphyl- Strept-
inurine  richia mirabilis aerogenes monas  ococcus ococcus
(png/ml) coli aerugi- aureus faecalis
nosa
Sulphonamides 1000 1 8 Res. 50 4-16 Res.
Nitrofurantoin 125 16 200 100 Res. 4 25
Ampicillin 250+ 8 4 Res. Res. 0.04 2
Carbenicillin 2000 5 2.5 250 50 0.5-50 25
Cephaloridine 300 4 4 4toRes. Res. 0.1-5 16
Kanamycin 300 2 4 2 64 0.5 64
Gentamyecin 50 1-4 2-8 1-2 1-8 0.1-1 8-16
Trimethoprim 50 0.4 to Res. 7.5to Res. 25to Res. Res. 4-30 4-125
Nalidixic Acid 200 3.0-7.5  2.5-20 1.6-50 4.0-500 50 500

the usual sensitivity of common urinary pathogens to currently available anti-
biotics. There has been considerable controversy as to whether the urinary con-
centration is an adequate reflection of the efficacy of therapy, or whether the
renal tissue concentration is more important. Because of the complex arrange-
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ments of fluid compartments within the kidney, the tissue concentration is
rather an over-simplified concept, but an approach to estimating antibiotic
concentration in interstitial fluid has been made by analysis of renal lymph
(CockrETT et al., 1966). If antibacterial activity in the blood were an essential
prerequisite for treatment, then, as O’GRADY and GARROD (1972) point out,
nitrofurantoin would be of no value, for antibacterial levels are only achieved
after concentration of the drug in the urine. It must, therefore, be adequate
under many circumstances just to sterilise the urine.

2. The Acute Infection

In acute, uncomplicated urinary tract infections there is little to choose
between several antibiotics provided that the organism is sensitive. A sulphon-
amide is probably still the drug of choice (BRUMFITT and REEVES, 1969) though
ampicillin or nitrofurantoin are equally effective (BURKE and STICKLER, 1969),
and cephalexin is as effective as ampicillin (DavVIES et al., 1971), but sulphon-
amides are superior on the grounds of cost or toxicity. Short courses of treatment
are adequate: two weeks therapy is as effective as six weeks with sulphonamides
(BERGSTROM et al., 1968) or with ampicillin or nitrofurantoin (KiNcATD-SMITH and
FArrLEY, 1969), and earlier claims (STANSFELD and WEBB, 1954) of the necessity
for prolonged therapy have not been substantiated.

Use of the earlier sulphonamides was sometimes complicated by crystalluria,
but with the development of more soluble forms, this is now rare. Sulphadimidine
is a popular choice, but is rather less potent than sulphafurazole or sulphamethi-
zole, both of which are highly soluble and suited to the treatment of urinary tract
infection. The long-acting sulphonamides may cause Stevens-Johnson syndrome
and should be avoided (BEVERIDGE et al., 1964).

3. Recurrences

Recurrence after effective treatment is usually due to re-infection with a new
strain (BERGSTROM et al., 1967), and with prolonged follow-up only about 25 per
cent of bacteriuric girls remain free of further infection (Kunin, 1970). This per-
centage remains approximately constant for each course of treatment, which
permits an elegant mathematical analysis of recurrence, for the percentage re-
maining bacteriuric declines exponentially with the number of treatment courses.
Thus, Kunin (1970) was able to analyse the factors which influenced recurrence,
and found that the rate was higher in white rather than negro girls, and in young
rather than older children. Interestingly, the presence of vesico-ureteric reflux
did not adversely affect the tendency to relapse.

4. The Emergence of Resistant Strains

Treatment of urinary tract infection with sulphonamides alters the bowel
bacteria and subsequent recurrences are usually due to a sulphonamide resistant
organism (BERGSTROM et al., 1968). Nitrofurantoin does not have this effect on
faecal flora (LINCOLN et al., 1970b). Interesting data have emerged on the mech-
anism of resistance: some bacteria have the capacity to transfer a cytoplasmic
factor (R-factor) which confers resistance to one or many antibiotics to a previ-
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ously sensitive strain (DATTA, 1969 ; LINCOLN et al., 1970a). The ability to transfer
resistance to sulphonamides is now possessed by 20 per cent of Escherichia coli
isolates from women with their first urinary tract infection (BRUMFITT et al.,
1971).

5. Maintenance Chemotherapy

Against this background long term chemoprophylaxis seems rather a forlorn
hope, and there are scanty controlled data to substantiate its use. Ray et al.
(1970) reported a small series in which continuous chemoprophylaxis was superior
to ad hoc treatment of infections in children without urological abnormalities,
but not with neurogenic bladder. NorMAND and SMELLIE (1965) present con-
siderable anecdotal evidence that low dose long term chemotherapy can prevent
the progression of pyelonephritic scarring. In view of the rapid development of
resistant organisms in the bowel, it seems improbable that sulphonamide prophy-
laxis could be effective; indeed, ORMONDE et al. (1969) demonstrated nitrofuran-
toin to be a more effective prophylactic agent than either sulphadimidine or
cycloserine and BarLey et al. (1971) showed low dose (1 mg/kg body weight)
nitrofurantoin to be an effective prophylactic in adults with recurrent bacteriuria.
Consideration of the mathematical models presented by O’GRADY et al. (1968)
suggests that even slight prolongation of the mean generation time may have a
marked effect on bacterial colonisation of the bladder.

6. Antibiotic Therapy in Uraemia

Many problems arise in the treatment of patients with renal failure. For drugs
excreted mainly by the kidney, modification of dosage schedules is required to
prevent accumulation (KuNin, 1967; Table 6). As the volume of distribution of
the drug is unaltered, the individual doses are unchanged, but their frequency
of administration is reduced (O’GrapYy, 1971). Kanamyecin, gentamycin, colomycin

Table 6. Some aspects of the administration of antibiotics commonly used in the treatment of
urinary tract infections

24 hour Oral Modification
Drug dosage administration ofdosagein Comments
(mg/kg) renal failure
Sulphonamide 100 Yes + Avoid in jaundiced neonates
(Sulphafurazole
Sulphadimidine)
Nitrofurantoin 10 Yes Do not use  Useful prophylactic at low dose
(1-2 mg/kg/day)
Ampicillin 30 Yes +
Carbenicillin 150 No +
Cephalosporins 30 Yes (Cephalexin) + Nephrotoxic (Cephaloridine)
Kanamycin 10 No ++ Nephrotoxic and ototoxie
Gentamycin 3 No ++ Ototoxic
Trimethoprim 8 Yes + Synergy with sulphonamides

(Sulphamethoxazole)
Nalidixic acid 50 Yes + Avoid in neonates
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and streptomyecin are particularly liable to accumulate in renal failure, and may
cause ototoxicity or nephrotoxicity. Schedules for the administration of kana-
mycin (SORENEN et al., 1967) and gentamycin (GINGELL and WATERWORTH, 1968)
to uraemic individuals have been published. For example, gentamycin should be
given parentally in a dosage of 1 mg/kg body weight 8-hourly with a glomerular
filtration rate above 70 ml/min/1.73 m? SA, 12-hourly down to 30 ml/min/1.73 m?
SA, 24-hourly down to 10 ml/min/1.73 m? SA and 48-hourly or at longer intervals
as dictated by blood levels (which should not exceed 10 pg/ml) if the glomerular
filtration rate is less than 10 ml/min/1.73 m? SA. In advanced renal failure, ad-
ministration of these agents should be controlled by estimation of the blood level
taken just prior to injection to ensure that the concentration has fallen to a low
level. Care should be exercised in the choice of antibiotic combinations to ensure
that it is feasible to estimate blood levels in the presence of more than one drug.

Some antibiotics are nephrotoxic and may cause further deterioration of renal
function: streptomycin, kanamycin, colomycin and cephaloridine. The nephro-
toxicity of gentamyein is not well established. The fraction of an antibiotic which
has both a renal and an extra-renal clearance that is excreted by the kidney
may decrease at low levels of glomerular filtration rate and be insufficient to
reach effective concentrations in the urine. As an example, nitrofurantoin is of
very little value in the treatment of urinary infection in chronic renal failure
(SAcHs et al., 1968), yet may accumulate in the serum to cause peripheral neuritis
(LoucHRIDGE, 1962). Tetracyclines should not be administered to uraemic pa-
tients: the interference with bowel flora diminishes gastrointestinal urea meta-
bolism and aggravates the uraemic state.

7. Antibiotic Therapy in Neonates

There are some special risks attendant upon the administration of antibiotics
to neonates (NYHAN, 1961). Sulphonamides may precipitate kernicterus by dis-
placing bilirubin from its binding site on albumin (ODELL, 1969). Chloramphenicol,
now no longer used, is inefficiently conjugated by the neonatal liver (WEIss et al.,
1960) and may cause toxicity—the grey syndrome. Penicillins have a prolonged
half life in young infants (AXLINE et al., 1967) due to decreased tubular secretion,
but toxicity problems are minor. Tetracyclines should be avoided in young
children because they cause hypoplasia of the dental enamel.

8. Some New Antimicrobial Agents

Trimethoprim specifically inhibits the bacterial enzyme dihydrofolate reductase,
but has little effect on the human enzyme (Symposium, 1969; Garrop and
O’Grapy, 1972). It therefore acts in the same metabolic sequence as sulphon-
amides, and there is synergy between the two agents. Trimethoprim is now only
available in combination with sulphamethoxazole, which was selected because
its half life is similar to trimethoprim, thus preserving the optimal ratio of the two
drugs. REEVES et al. (1971) reported a higher cure rate of hospital urinary tract
infection with this mixture than with ampicillin or sulphadimidine, and it has
proved to be a very useful addition to the therapeutic armamentarium. The recent
report of resistance due to R-factors is, however, disturbing (FLEMING et al.,
1972). The drug is useful in infants unless there is jaundice, when it should be
avoided because the sulphonamide component may precipitate kernicterus.
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Of the cephalosporins (Symposium, 1970), cephaloridine and cephalothin must
be administered parentally. There have been some reports of nephrotoxicity of
cephaloridine (KAPLAN et al., 1968), but the problem seems to be less with cepha-
lothin. Cephalexin has a similar spectrum to the other cephalosporins, but can be
administered orally, and is as effective as ampicillin (DaviEs et al., 1971).

Gentamyecin is the latest aminoglycoside antibiotic and has emerged as an
important drug in the treatment of patients with gram-negative septicaemia. It
has a major advantage over kanamyein in that it is effective against Pseudomonas
pyocyaneus. For treatment of this organism, it has sometimes been combined with
carbenicillin, but there is evidence that under some circumstances this combina-
tion may be antagonistic (McLAUGHLIN and REEVES, 1971). Gentamycin dosage
and its modification in renal failure is discussed above, and the kinetics of gent-
amyecin excretion in infants are reported by McCRACKEN et al. (1971).

9, Candida

Candida albicans infection of the urine is sometimes a problem in children
with urological disorders, particularly if drainage tubes are left in situ. The
mycelial masses may obstruct the flow of urine. Under these circumstances,
antibiotics should be discontinued, but local irrigation with nystatin is sometimes
required.

XI. Conclusion

The volume of information about the natural history and treatment of urinary
tract infection has grown so rapidly in the past decade that it has become difficult
to decide which techniques are relevant to the clinical practice of paediatric
urology. In particular, most of the advances described in this chapter have not
been subjected to cost-benefit analysis. For example, a case could be made that
every child with a urological malformation should have a monthly quantitative
bacteriological analysis of a clean catch urine specimen; but does the information
merit the labour of its collection, and materially improve the child’s prognosis ?
In the next decade, it will be as important to study the problems of the delivery
of health care by established techniques as to further the basic understanding
of the disease process; this generalisation applies with particular force to the
management of urinary tract infection of childhood.



H. Localised Inflammatory Lesions
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I. The Kidney

In contrast to the very common generalised pyelonephritis of childhood,
localised renal infections are rare and becoming rarer as antibiotic treatment of
primary infections improves. Specific infection with tuberculosis has almost dis-
appeared in children under the age of 12 in Western Europe and North America.
Hydatid disease is still seen in some areas, but Actinomycosis is almost unknown.
Metastatic pyaemic infections still occur from time to time, however, and present
in various guises.

1. Renal Carbunele

Although acute staphylococcal septicaemia from umbilical sepsis and osteo-
myelitis is likely to be effectively treated before the kidney is involved, metastatic
infections may occur in less evident ways and may progress to severe destruction
before they are recognised. Affected children present with a history of some weeks
of general ill health and low grade fever, and are found on examination to have a
large swelling in one loin. The urine is often free of pus, though it may contain
staphylococei, which are the usual cause of the disorder. Intravenous urograms
show a greatly enlarged kidney and a deformity not unlike that seen in adult
polycystic disease (Fig. 33). Often the renal function is surprisingly well preserved,
but where there is massive involvement antibiotics are unlikely to control the
infection satisfactorily and nephrectomy will be required for the unilateral disease.
In older children the carbuncle may be a solitary one, presenting with chronic
pain in the loin, though there is usually some history of fever and some evidence
of bacteriuria. Urography shows the presence of a mass in the kidney, strongly
suggestive of tumour or cyst (Fig. 34): it is found to be avascular on arteriography
and often proves to be a well localised lesion at exploration which will settle
down satisfactorily if drained.

2. Xanthogranulomatous Pyelonephritis

The deposition of cholesterol-containing material within aninflammatory lesion
in the kidney produces the change of xanthogranuloma, evident to the naked eye
as bright yellow crystalline or amorphous material within the inflamed area.
On many occasions this has been observed in adults, giving rise to a tumour-like
mass in the kidney ; the same disorder has been recorded in infants by CECCARELLI
et al. (1970), but in the author’s experience xanthogranuloma has ordinarily been
the accompaniament of pyonephrosis due to stone and associated with proteus
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infection. Without stone the tumour-like swelling must be differentiated from
neoplasm by arteriography; the central area is avascular, the periphery irregular,
but a similar picture may be obtained in some nephroblastomata and entire
reliance cannot be placed on these findings. Nephrectomy or partial nephrectomy
will be required.

a b

Fig. 33 a and b. Renal carbuncle. Multiple pyogenic abscesses in an infant. a Intravenous
pyelogram shows apparently good function in enormously enlarged left kidney. b Nephrec-
tomy specimen showing extensive abscess formation within the renal substance

3. Perinephric Abseess

Staphylococcal perinephric abscess is essentially a complication of renal car-
buncle which has ruptured into the perinephric tissues, though the intra-renal
lesion itself may have been very small. With better antibiotic control of infection
this disorder has become extremely rare. The signs are of pain in the loin and limp
due to psoas spasm: later a swelling and an oedematous mass appears in the loin.
The urogram shows a loss of the psoas shadow and displacement of the kidney
and ureter.

Perinephric abscess as a complication of infected stone disease is not so un-
common; it is almost always due to a proteus infection and the diagnosis is evident
radiologically from the presence of the stone.
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Fig. 34. Renal carbuncle. Intrarenal abscess. Intravenous urogram in a 10 year old girl with

left loin pain. The renal sinus is spread out and the calices compressed by an avascular mass.

Proved at operation to be an abscess within the renal substance. Uneventful convalescence
after drainage

I1. The Bladder

The simple cystitis which accompanies the urinary infections of childhood
requires no special comment: it is ordinarily associated with frequency and ur-
gency of micturition and some dysuria, but if unaccompanied by upper tract
infection it is unlikely to cause pyrexia or more local signs than reddening and
oedema of the vesical mucosa. It is a transient phenomenon responding rapidly
to chemotherapy. There are, however, a number of variant types of cystitis,
acute, sub-acute and chronic, which are ill-defined both clinically and pathologi-
cally and variously identified by adjectival appendages reminiscent of dermatologi-
cal nomenclature.

1. Acute Haemorrhagie Cystitis

This term is suitably used to describe a condition of sudden onset with hae-
maturia, frequency and urgency, often with a good deal of local pain and some
pyrexia. Radiologically there is likely to be some irregularity of the spastic bladder
wall with a little ureterectasis. MuFson et al. (1971) investigated 25 children with
this type of disease and found sterile urine in about two thirds of them, an adeno-
virus in 3 and an E. coli in 3. The disease is in many ways comparable with the
abacterial pyuria commonly observed in soldiers during World War II, but little
seen in adults since that time. It seems certain that a virus infection is responsible
for some of these cases, and perhaps for all of them. Almost inevitably the anti-
biotics are employed in their treatment and in general the symptoms subside in
the course of a few weeks. Under the heading of acute haemorrhagic cystitis
might also be included rare examples of bacterial infection which appears to
involve all layers of the bladder wall, persists for some weeks and leaves a per-
manently damaged atrophic mucosa and fibrosis replacing much of the muscle.
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2. Eosinophilic Cystitis

A number of children, and rather more adults, have been reported as suffering
from this disease, but the diagnostic criteria are not always clear-cut and since
eosinophilic infiltration of inflamed bladder tissues can occur in a variety of
circumstances it is perhaps unsatisfactory to employ the term eosinophilic cystitis
to indicate a specific disease entity. Most of the children described as having this
disorder have suffered from an acute or sub-acute condition associated with
haematuria, frequency and dysuria (WENzL et al., 1964; CHAMPION and ACKLES,
1966). The urine is ordinarily sterile and there is very little fever. Intravenous
pyelograms show a small capacity thick-walled bladder with some ureteric hold-
up. On cystography and on cystoscopy there may be a localised lesion (Fig. 35),
most often on the dome of the bladder with polypoid oedematous bullae not unlike
the changes seen in infiltrating tumour. The lesion has at times been mistaken
for rhabdomyosarcoma, though the polyps associated with eosinophilic cystitis
are much redder and more evidently inflamed. On bimanual examination no more
than slight thickening of the bladder wall can be felt. Biopsies show infiltration
of the subepithelial layers by eosinophilic cells with plasma cells and interstitial
oedema; although the disease may last some weeks, or even months, there is a
tendency to spontaneous improvement with restoration of the mucosa to normal.

An allergic basis has been postulated for some of these cases, which may at
times show an eosinophilia on blood examination, and attention has been drawn

Fig. 35. Eosinophilic cystitis. The cystogram in a boy of 6 with reflux and recurrent infection.

The apex of the bladder shows a lobulated filling defect which was associated with a large area

of thickened, red and oedematous mucosa, histologically exhibiting the changes of eosinophilic
cystitis
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to the co-incidence of eosinophilic gastro-enteritis. However, in general the allergen
responsible has not been identified. PERLMUTTER et al. (1968) have reported a
case in which Toxocara cati antibodies were found and suggested the child had
been infected from a domestic pet. Variable eosinophilic infiltration may, however,
be found in simple proliferative cystitis and in cases of bladder tumour, particu-
larly where a previous biopsy has been performed.

3. Proliferative and Follicular Cystitis

It is well known that in many cases of chronic or recurrent urinary infection
in children, cystic lesions are observed cystoscopically ; they are usually multiple,
2-3 millimetres across and most frequently found on the trigone or lateral walls
of the bladder. Some are translucent, some opaque with variations in colour from
grey through yellow to brown.

Although a cystoscopic diagnosis of “cystitis cystica’ is frequently attached
to these lesions, biopsy reveals that they may have a number of histological
appearances of which cystitis is but one; it appears that various local factors,
including chronic inflammation, neoplasia and possibly allergic reactions or im-
munological responses, may cause the urothelium to become unstable with the
resultant appearance of one of the forms of proliferative cystitis. There may thus
be proliferation of the epithelial cells into solid nests (Von Brunn’s nests), small
epithelial lined cysts (cystitis cystica) or the development of mucus-secreting
glands in the epithelium (cystitis glandularis). Stromal proliferation also occurs
with the development of lymphoid follicles (cystitis follicularis) and in some there
is an accumulation of eosinophils as in eosinophilic cystitis.

It is clear that in children the most common underlying cause of urothelial
instability is inflammatory. However, cystitis glandularis, which is uncommon
in children, must be considered in the context of the exstrophied bladder as pos-
sibly pre-malignant. Cystitis follicularis, a form frequently seen in children, may
well have an immunological origin but in general the factors responsible are
unknown.

Although it is not unusual to find evidence of follicular cystitis in cases
of reflux or other anomalies, especially where they are associated with chronic
or recurrent urinary infection, it is also seen in children with infections but no
other identifiable disorder of bladder function. Karrax and King (1970) made a
diagnosis of cystitis cystica in 2.4 per cent of children with urinary infections,
but no extensive histological investigation was undertaken. The change did not
occur in the very young, but had no specific associations; in general the lesions
disappeared when the infections ceased, due to medical or surgical treatment
of a urinary anomaly. However, cystitis cystica was apt to be associated with a
poor short term prognosis in regard to the elimination of infection. EHRENSPERGER
(1970) described these cases as granular cystitis: he observed that although in the
superficial layers of the submucosa the infiltration was mainly by lymphocytes,
in the deeper layer eosinophils were present, suggesting an allergic factor. The
results of treatment were not satisfactory in his series and only 9 out of 30 were
cured. He advocated the use of steroids and bladder washouts as well as chemo-
therapy. FETSCHERIN (1967) has undertaken cytological studies of the urethral
mucosa in girls with granular cystitis in order to detect a possible correlation with
hormonal activity; no such correlation was observed, however.

Radiologically, proliferative cystitis has been observed by the author as ex-
tensive filling defects in the cystogram, and GRIEVE (1967) has published a similar
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case. In both instances infection was present from time to time, but was not an
invariable factor, and improvement occurred over the course of years.

Thus, although much remains to be learned about it, proliferative cystitis
does not seem to be responsible for any specific symptom and its clinical place
at present is rather as a prognostic indicator; although it may disappear if the
urine is maintained sterile for long periods many children go into puberty with
the lesions still present.

4. Pseudo-Membranous Cystitis

On rare occasions cystoscopy in the case of a child with recurrent infection
and dysuria reveals a grey membranous deposit on the mucosa in the region of
the base of the bladder, somewhat reminiscent of a diphtheritic membrane: this
cannot be washed away by irrigation but light application of diathermy will
disperse it. It has some tendency to re-form, but local fulguration with long term
chemotherapy is ultimately an effective treatment.

5. Malacoplakia

This rare disease is usually seen in adult life, but it has been described in
childhood (OPPERMAN, 1924 ; MORRISON, 1944): it is to be regarded as an abnormal
tissue reaction to E. coli, and produces a form of chronic cystitis in which there
are small, soft, grey-yellow elevations on the mucosa which exhibit histologically
the diagnostic appearance of calcospherites, known as Michaelis-Gutmann bodies.

6. Bilharziasis

A child who has been in an area where bilharzia occurs should be suspected
of this disease if he is suffering from haematuria. The diagnosis is best made by
recognition of the ova in the last drops of urine expelled at the end of micturition,
but the characteristic cystoscopic appearance is well described in standard works
of urology.

7. Granulomatous Cystitis

JoHNsoN et al. (1967) reported two cases of focal granulomatous cystitis
simulating bilharzial disease in children from British Columbia where bilharzia
does not occur. They attributed this disorder to an unknown parasite, but noted
areas of eosinophilic infiltration between focal granulomata, and they discuss the
possible relationship of this disorder with eosinophilic cystitis. It seems likely
that an infective origin was responsible.

8. Cystitis Due to Cyelophosphamide

As a complication of the treatment of leukaemia and other forms of malig-
nancy, cyclophosphamide cystitis can be a cause of serious symptoms with profuse
haemorrhage and disabling frequency and dysuria. Radiologically a spastic bladder
with ureteric dilatation is usual: most cases will subside with treatment, but very
severe haemorrhage as seen in the post-irradiation bladder can, at times, demand
active intervention.
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9. Interstitial Cystitis

Although GErisT and ANTOLAK (1970) have described 21 cases of interstitial
cystitis with a variety of complaints, the present author has never seen any child
with cystoscopic appearances approaching that seen in the typical Hunner’s ulcer
of adult life.

II1. The Prostate

Prostatitis is, in general, a complaint from which prepubertal boys are merci-
fully spared, but on rare occasions during the first few weeks of life an acute
staphylococcal prostatic abscess may be encountered, causing retention of urine
and associated epididymitis. The diagnosis is unlikely to be missed, provided a
rectal examination is made, and simple drainage from the perineum leads to cure.
It seems likely that these infections are metastatic from umbilical sepsis.

On a number of occasions a peri-prostatic haematoma, later infected to form
an abscess, has been encountered (WirLiamMs and MarTINS, 1960). These children
are seen during the first two or three weeks of life with urinary obstruction and
a boggy mass palpable on rectal examination. On retrospect is seems possible
that many of these cases are thermometer injuries: a clinical thermometer roughly
introduced into the anus of an infant may well penetrate the anterior wall of the
rectum and cause an infected haematoma. Simple drainage should suffice for cure.

IV. The Urethra

A gonococeal urethritis in boys, described by older writers, has not entered
the author’s experience, and although Reiter’s syndrome has been described in
children (CorNER, 1950) with urethritis and arthritis complicating dysenteric in-
fection it must be exceptionally rare.

WrirriaMs and MIRHAEL (1971) have described a series of boys in which a mild
bulbar urethritis produced urethral bleeding or urethral discharge of a mild degree
for long periods. On examination there was often a little meatitis and urethroscopy
revealed a fibrinous inflammatory lesion on the mucosa in the bulb of the urethra.
No organisms could be cultured from these cases, although some seemed to improve
with tetracycline. Nevertheless, minor episodes of urethral bleeding might occur
over the course of many months. No definitive stricture has resulted from this
type of lesion, though it was suspected as a possible cause in one.
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I. Introduction

Recurrent urinary infection in girls is perhaps the commonest disorder for
which children are referred to the urologist, and despite the numerous reports of
varying but apparently successful methods of treatment it remains a sore trial
to many. Some of these cases are found to have clearcut anomalies, such as ob-
struction, reflux or stone, but the majority are radiologically normal or have very
questionable abnormalities. In the absence of reflux there is very little evidence
that these infections produce any permanent renal impairment, and most are
probably confined to the lower urinary tract, yet they are an important cause of
recurrent malaise, loss of schooling and of urinary incontinence. In many centres
the investigation and treatment of these children occupies a very large proportion
of the time and effort devoted to paediatric urology, and whilst paediatricians
are apt to treat children conservatively, amongst the urologists there has been a
natural bias in favour of instrumental methods or operative management. There
has been a widespread conviction that any procedure which widens the female
urethra will cure a substantial proportion and investigations often seemed aimed
at providing a scientific basis for these procedures. Only in the last two or three
years have controlled studies been reported and it must be admitted that a study
of the disorder is a difficult one to control: the symptoms are variable and inter-
mittent. Spontaneous improvement is common, collection of specimens difficult
and bacteriological standards variable. Nevertheless it is the hope of all urologists,
and the belief of many, that a minor correctable disorder of bladder or urethral
function will be found to account for the problem. The possible factors are reviewed
in this chapter. It is still possible that the explanation might lie in immunological
factors and others beyond the scope of the present author, and all reports should
be measured against the known overall incidence of infection and its tendency to
spontaneous cure. Thus KUNIN et al. (1964) found that 1.2 per cent of schoolgirls
had demonstrable infection at any one time, some were mildly symptomatic,
others entirely unexpected. Disappearance of infection was often spontaneous or
the result of treatment, but recurrence or appearance of infection in other children
kept the proportion of the total school population infected at about the same
level.

As well as an acquaintance with the limits of normality a balanced view of
the problem requires a historical perspective. Over the years there have been a
number of dramatic changes in the attitude of urologists towards possible causa-
tive factors; new ideas are constantly put forward in publications, but old beliefs
although no longer possessing general credence are seldom disproved in the litera-
ture. Throughout the 1930°s and 1940’s the chief factors sought in the investiga-
tion of recurrent urinary infections in girls were mucosal or sub-mucosal changes
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and evidence of inflamed glands in the urethra. WinsBury WHITE (1961), who
made many contributions on this subject, was a keen advocate of urethroscopy
and of the fulguration of projecting polyps and ‘“hillocks’” on the bladder neck
and trigone. MEREDITH CAMPBELL in 1952 states that urethro-trigonitis is the
commonest lesion found in young girls with recurrent infection and believed that
intermittent urethral dilatation was the method of choice in treatment, dilatation
being of value in opening up gland ducts and massaging out their contents. In
the 1950’s greater scepticism was expressed in regard to these lesions: polyps at
the bladder neck, common enough in women, are not seen in the child and the
prepubertal female urethra does not have glands, at least in its distal part. The
appearance of cystitis cystica came to be seen as the consequence rather than
the cause of infection. At this time mild degrees of obstructive uropathy came
to be regarded as the common cause and bladder neck obstruction a very
common diagnosis. At first endoscopy was the method of diagnosis and endoscopic
resection the common method of treatment, e.g. EMMETT and Simox (1956). Later
with increased use of radiology the importance of reflux became more obvious,
but it was often regarded as evidence of bladder neck obstruction and accordingly
treated by urethral dilatation or bladder neck revision. The past decade has seen
a further shift of emphasis from the bladder neck to the distal urethra, but it is
still postulated that an obstructive lesion is the cause of recurrent infection, still
to be treated by urethral dilatation or by more radical methods of meatotomy or
urethrotomy. Parallel with these developments there have also been suggestions
of an abnormality in bladder function, which may not be due to obstruction but
to other factors, such as minor neurological lesions or to psychological problems,
or to a reflex from a tender inflamed, but not necessarily obstructive, distal ure-
thral ring.

It is perhaps unlikely that a single cause will be found to account for all cases
of recurrent infection in girls with normal pyelograms and consequently unlikely
that any one form of treatment will be universally successful. Discussing the
possible factors concerned it will be useful to consider first the findings of various
forms of investigation.

II. Clinical Examination

All grossly abnormal findings exclude the child from the category under con-
sideration, but minor problems may be discovered. Labial fusion is one of these
but does not appear to be particularly related to recurrent infections. Anterior
prolongation of the urethra is occasionally seen and affects the direction of the
urinary stream. Hymenal folds pulling on the urinary meatus may perhaps be of
significance in later life, but probably not in childhood. Vulvitis, a simple redden-
ing of the mucosa with minimal discharge, is common and productive of pain on
micturition; it is often confused with urinary infection and is perhaps occasionally
the cause of it, but somewhat surprisingly in view of the evidence that vulval
colonisation by E.coli often precedes urinary infection the urine may remain
sterile despite external inflammation. Vulvitis may have a detectable cause, lack
of hygiene or excess of it due to the ill-judged use of local antiseptics. The caustic
content of additives to produce a “bubble bath” may be responsible. Thread-
worms are occasionally found. Enquiries into the toilet habits of the child are
customary in some clinics but have seldom solved the problem.
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ITI. Measurement of Residual Urine

The presence of residual urine is ordinarily regarded as presumptive evidence
of an obstruction, but it may also be due to vesical dysfunction of neurogenic
origin. The residue is very small in normal children (STEINERT and HESSE, 1970).
Simple catheterisation after micturition is not always reliable because of the
possible presence of reflux and because the child has not always had a good un-
interrupted opportunity for micturition. The latter criticism also applies to radio-
logical methods. Other methods have used a light radio-opaque substance (Lipiodol
in almond oil) in the bladder with check X-Rays 24 hours later to see whether
this medium has been voided. MCGREGOR and WYNNE WILLIAMS (1966) used the
excretion of phenol red, which is very rapidly put out by the kidney but which
will remain a long while in the bladder if residue is present. Radioactive methods
may also be employed. Using any of these methods of measuring residual urine
it is a common finding that some girls suffering from recurrent infection do retain
a small but variable residue in the bladder, perhaps 10-20 ml; by no means all
these children have other signs suggestive of obstruction, however, and HoLk
(1967) has shown that the results of bladder neck revision or urethral dilatation
in this group is often disappointing.

IV. Endoscopy

The observation of trabeculation is important evidence of obstruction or of a
neurological disorder, but the observation is a subjective finding and urologists
will differ in the importance attached to it. Almost any girl with a great deal of
frequency will have mild trabeculation. Prominence of the bladder neck of a
degree ordinarily found in male adults is exceptionally uncommon in this group.
Cystitis cystica is a feature of many cases of recurrent infection and since it goes
along with a longstanding disorder present for a number of years it is likely that
they have a bad prognosis, but its exact significance remains unknown. Endo-
scopy has not been of value in the diagnosis of distal urethral obstruction.

Y. Urethral Calibration

The current interest in distal urethral stenosis as a cause of recurrent infection
has resulted in great emphasis on calibration performed with bougies & boule,
judging the size when the mucosa is pale and tight over the expanded end of the
bougie as it is withdrawn. IMMERGUT et al. (1967) showed from an investigation
in girls without urinary tract disease that from 0—4 years the mean calibre of the
external meatus was 15 Fr; from 5-9 years it was 17 Fr; from 10-14 years it was
21.4 Fr. A similar calibre was found at the membranous urethra where a colla-
genous ring has been identified as a possible cause of obstruction. Urethrae of
significantly smaller calibre than these figures are encountered only very un-
commonly and usually in association with some anatomical abnormality. In a
further study IMMERGUT (1968) showed that girls with urinary infections had
statistically rather larger calibres, but he nevertheless advised urethral dilatation.
In the great majority of cases the exact calibration has not been related to the
degree of post-operative improvement of the child’s symptoms following meato-
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tomy, dilatation or urethrotomy. In view of these findings, which can be con-
firmed from the experience of many urologists, it is clear that there is no stenosis
in any way comparable to a stricture in the male urethra. It might well be that
functionally the distal urethra could form an obstruction unrelated to its actual
calibre when examined under anaesthetic and this possibility will be discussed
later.

VI. Radiology

The urethra in the girl has been subjected to very extensive radiological
investigations during the past few years, the chief conclusions of which are that
the limits of normality are very wide. The outline of the normal urethra may be
a simple tubular one (Fig. 36) or it may taper slightly from the bladder neck to the

Fig. 36. A normal urethrogram in the female showing filling of the vagina

external meatus, but many children exhibit a slight collar at the bladder neck, a
widened area below and a narrowing again towards the membranous urethra. Any
attempts at voluntary restraint of micturition produce a ballooning of the mid-
section, which can then be restored to normal on recommencing free flow. At one
time the appearance of the “‘spinning-top” urethra was regarded as evidence of
bladder neck obstruction with post-stenotic dilatation (MrTcHELL, 1963) but more
recently it has been regarded as due to urethral stenosis (Fig. 37). SCHOPFNER
(1967) in a very extensive study showed, however, no relationship between the
radiological appearance and urethral calibration, or between the urethral outlines
and the symptoms or the presence of reflux. KEDAR (1968) attempted some cor-
relation between the form of the urethra and the presence or absence of reflux,
but most radiologists have concluded that it is impossible to identify urethral
obstruction from the female urethrogram (ALLEN, 1970). The dilatation of the mid-
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segment of the urethra has sometimes been interpreted to indicate that a valve
is present in the distal urethra, but no valvular structure comparable with that
found in male infants is ever discovered.

Fig. 37. Micturating cvsto-urethrogram showing grossly dilated urethra in a girl with urinary
infections. At calibration there was no stenosis of the distal urethra and the appearance may,
perhaps, be attributable to external sphincter spasm

VII. Cystometry and Pressure Flow Measurements

It is logical to believe that urodynamic studies will finally settle the diagnosis
in cases of doubtful bladder outflow obstruction, but standard reproducible tech-
niques are not yet generally accepted and no firm conclusions have yet been
reached in relation to minor obstructions in girls.

FraTMARK and GJERTSEN (1968) and FraTMaARK and KNUTRUD (1969), em-
ploying primarily a cystometrographic method found that ““bladder hypertension”
was present in girls with recurrent pyuria. They noted no change after bladder
neck revision but after dilatation or meatotomy the “‘accommodation pressure”
dropped with a small drop in micturition pressure and in bladder capacity indi-
cating, they believe, that an obstruction in the distal urethra had been relieved.
LaPIDES (1962) emphasises the role of the “dysfunctional bladder” in recurrent
infections, while HENDRY, STaNTON and WiLLiams (1973) also comment on a
group of girls suffering from recurrent infection but no gross anomaly with an
‘“unstable bladder” exhibiting frequent uninhibited contractions. CAMPBELL
(1951), on the other hand, finds a large capacity hypotonic bladder (lazy bladder
syndrome) which predisposes to infection and later to upper tract change. It is
thus evident that some abnormality of bladder function can be found in many
children with recurrent infection, but whether it is the consequence of the infection
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or a contributory cause is uncertain. Pressure flow measurements have given
satisfactory results in boys. Thus GIERUP and ERricsson (1971), using opening
pressure, maximum voiding pressure and peak flow, found that an obstructive
group could be easily defined in the male and that these tests were of diagnostic
value. They are, however, very much more difficult to apply in girls and Nu~N~
(1965) investigating girls suspected of bladder neck obstruction found no evidence
of a pressure gradient across the bladder neck or in the lower part of the urethra.
WHITAKER et al. (1969), in an even more careful study, failed to demonstrate any
obstruction in cases of reflux or of recurrent infection.

Many observers believe that the measurement of the lateral pressure upon
the urethra is more important than cystometry or flow studies, and all observers
agree that the lateral pressure is greatest in the mid-section of the urethra, well
below the bladder neck and a little above the external meatus. This is, of course,
the site of the external sphincter and of a collagenous ring of tissue. Pressure
profile measurements by TanacHO, MILLER, LYON and F1sHER (1971) have shown
that the high point of the profile in mid urethra can be lowered by general an-
aesthesia and abolished by curare. They postulate that the ballooning of the
urethra above this level can be due to detrusor pressure associated with asyn-
chronous contraction of the external sphincter causing an interruption of the
stream. They correlate this finding with the intermittent flow commonly noted
by LyoxN and SmITH (1963),in girls with recurrent infection using a sound recording
device. They believe that some local inflammation in the region of the external
meatus could result in tenderness and spasm of the external sphincter, that this,
by interrupting the stream, could lead to turbulent flow in the urethra washing
bacteria back up from the region of the external meatus into the bladder. The
minor external inflammation might thus perpetuate recurrent infections, but the
vicious circle could be broken by overstretching the sphincter and thus eliminating
the spasm. HENDRY, STANTON and WILLIaMS (1973) also find the high point of
the pressure profile in the region of the external sphincter and agree that it can
be lowered by anaesthesia, but were unable to confirm that wide dilatation had
any permanent effect upon the sphincter muscle, or upon the progress of recurrent
infection.

VIII. Results of Treatment

A very important factor in the case for urethral obstruction or spasm as a
cause of recurrent infection has been the excellent results which are claimed for
urethral dilatation or urethrotomy. However, many of these reports are unsatis-
factory and the complaints for which the treatment is undertaken do not lend
themselves to well controlled study. Recurrent urinary infection is a diagnosis
which might well be applied to a child who has had one brief but definite episode
of bacteriuria with another doubtful ill-recorded attack, or at the other extreme
to a child suffering from repeated frequent feverish attacks with loin pain and
extreme frequency of micturition. It is universally recognised that there is a
tendency to spontaneous remission of recurrent attacks often supposed to occur
chiefly at puberty when it might be postulated that the increase in calibre of the
distal urethra was responsible, but in fact a survey of cases of recurrent infection
often shows that remission has occurred earlier in childhood, or has gone on after
puberty. It is thus difficult to tell from the literature whether one series is com-
parable to another and there is no accurate knowledge of the proportion of cases
in each year likely to improve spontaneously. No controlled studies of a large
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series of bladder neck revisions for recurrent infection are available and the diag-
nosis of bladder neck obstruction is considered in Chapter O, but KApLAN and
Kine (1970) found no benefit from this procedure in simple cases of recurrent
infection. The proponents of meatotomy, intermittent urethral dilatation or single
wide dilatation and of urethrotomy have all claimed almost equally good results,
though such controlled studies as are available do not always support this claim.
Papers on the subject are too numerous to list, but examples may be given.
KNAPPENBERGER (1963) claimed marked clinical improvement in 90 per cent of
girls with recurrent infection as a result of repeated dilatation at six monthly
intervals. LyoN was one of the original proponents of wide dilatation and has
repeatedly reported very good results; he emphasises the need for stretching the
collagenous ring in the distal urethra beyond the point of rupture. Ordinarily
bougies meet increasing resistance from the urethral wall up to about 24 Fr. then
the ring appears to give way and dilatation is easier thereafter. It may be contin-
ued to 32-40 Fr. In a recent report Lyon and MARSHALL (1971) review 864 chil-
dren: of 283 with symptoms of cystitis 65 per cent had an immediate and sustained
cure, in the long term 86 per cent were improved. Of 297 children with feverish
attacks 82 per cent had an immediate cure and the failures were mostly in children
with reflux. WEIss et al. (1968) found “stenosis” to be present in 96 per cent
of 174 girls, and they cured the infection problem in 70-75 per cent when dilatation
was carried to 32 Fr, but only 40 per cent when dilatation went no further than
22 Fr. GraraM et al. (1967) in 177 girls had a cure rate of 70 per cent of those
without reflux and 49 per cent of those with it.

Meatotomy with dilatation would seem to have a similar effect to wide dilata-
tion with rupture of the distal urethral ring, and HARVARD (1970) reports only
16 per cent of cases not improved by this method. However, FORBES et al. (1969)
undertook a controlled prospective study of 37 girls and found that meatotomy
had no detectable effect in altering the recurrence rate of infections or the symp-
tomatology. KERR (1969) has advocated chiefly the use of the Otis urethrotome
set at about 32 Fr: VERMILLION et al. (1971) followed a group of 106 girls with
recurrent infection for two years. In a group treated by urethrotomy together
with three months of appropriate drug therapy the cure rate was 78 per cent.
However, KapraN, SAMMONS and KinNg (1973) made a blind comparison between
dilatation, urethrotomy and medication alone and found no difference in the
percent of patients cured in the three groups. There could have been a slight
disadvantage to urethrotomy, but possibly the cases of very longstanding recur-
rent infection were improved by the dilatation techniques. HENDRY, STANTON and
WiLriams (1973) found overall no difference between children investigated and
treated with medication alone from those treated by urethral dilatation plus
medication, but if there was a group for which some benefit from dilatation
might be claimed it was those children with uninhibited bladder contractions.

IX. Conclusion

Girls with recurrent urinary infections without gross anomalies and with
normal pyelograms do not form a homogeneous group and there is no justification
for treating all of them by urethral dilatation or urethrotomy. The child whose
cystogram is also entirely normal will probably do well on long term chemotherapy
and it is doubtful whether endoscopy is justifiable for many of these. In some
small volumes of residual urine are present, but this may be due to a failure of
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training and of voluntary effort on the part of the child or to a mild outflow ob-
struction. In these and in children whose infections have already resisted the
simple measures of control, cystoscopy is essential and urethral dilatation up to
32 Fr may be performed without risk of harm and with possible benefit for some.
Repeated intermittent dilatations are psychologically damaging for the child
and no more successful in curing the infections. Urethrotomy is, in general, a
surprisingly safe procedure but does entail more hospitalisation and has not been
shown to secure any greater benefit than urethral dilatation. Bladder neck revision
should not be undertaken except on clear-cut evidence of obstruction at the
bladder neck level. The criteria for this are discussed in Chapter O.



J. Vesico-Ureteric Reflux
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With 15 Figures

I. Introduction

In the fifteen years since the original volume of this series was written the pro-
blem of reflux has occasioned more controversy than any other topic in paediatric
urology, and a full review of the subject is therefore required. Reflux undoubtedly
justifies a full discussion by the frequency with which it occurs: its reported in-
cidence varies considerably with the thoroughness of the investigation, but Scorr
and STANSFIELD’s (1968) finding of reflux in 55 per cent of children with recurrent
urinary infection is not out of line with other reports. In the great majority of
these children reflux is the only detectable abnormality of the urinary tract func-
tion, so that it has become customary to speak of primary reflux where there does
not appear to be any bladder disorder, but, although a useful clinical classification,
this term obscures the issue so often in doubt as to the part played by infection in
the aetiology of reflux. Very seldom, in fact, can reflux be treated as a single dis-
ease entity; its presence is but one facet of a complex and variable situation and
this chapter is therefore concerned with many aspects of urinary tract disorder
which may be associated with reflux.

II. The Normal Mechanism

Reflux is such a common finding in children that it is important to re-empha-
sise that it is an abnormality. In other species it is not necessarily the case: rats
reflux with such ease that the phenomenon must occur in the healthy animal at
times, while LENAGHAN and CusseN (1968) have demonstrated that in pups under
the age of two months reflux is common but it ceases spontaneously before the age
of six months without having caused any renal damage. In the human child, how-
ever, numerous reports have shown that reflux is absent in normal circumstances.
IanvacONNE and Panziront (1955) found one case in 50 infants; JANNACONNE
(1966) no case in 25 neonates. LicH et al. (1964) found no case in 26 neonates;
PETERS et al. (1967) no case in 66 premature babies. JoNES and HEADSTREAM
(1958) found one case in 100 children, and even the one later turned out to have
urinary tract disease. PorLiraxo (1963) had no reflux in 50 children; KJELLBERG
et al. (1957) none in 101 children.

Some doubt on this subject has been raised by the writings of KREPLER (1969)
who investigated children with urinary infections and mentions a control group in
which reflux was present in 33 per cent of children under two years of age and 2 per
cent of older children. Nevertheless his controls were not normal children, they
were investigated for failure to thrive, for recurrent pyrexia of unknown origin
and for suspected malignancy and his evidence does not therefore contradict other
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reported findings. It does, of course, indicate that reflux occurs much more readily
in the infant than in the older child and that reflux is not necessarily a dangerous
or permanent phenomenon, facts which can be confirmed by wide experience.

The intramural ureter upon which reflux prevention depends consists of “an
intravesical section” lying immediately beneath the bladder mucosa; an “intra-
muscular section’” which courses through the hiatus in the detrusor muscle and a
“juxtavesical section’ lying within the fibro-muscular fibres of Waldeyer’s sheath.
The ureter as it approaches the bladder loses its circular fibres and the intramural
ureter is surrounded by only a thin layer of longitudinal muscle: a few of these
fibres are inserted into the mucosa at the ureteric orifice, others having formed a
decussation over the roof of the intravesical section continue into the trigonal
muscle joining with transverse fibres to the opposite side and with longitudinal
trigonal fibres passing down as far as the verumontanum in the male and a little
below the bladder neck in the female.

Outside this true ureteric muscle there is a space allowing some upward and
downward movement of the ureter within the detrusor hiatus. This space was first
described by Waldeyer, although his name is more often applied to the sheath of
fibromuscular tissue which encloses the space. The muscle fibres bordering this
sheath merge upwards with the adventitia of the ureter and downwards with the
detrusor fibres. TANAGHO et al. (1968) find the muscle of Waldeyer’s sheath con-
tinuous with deeply placed detrusor fibres extending well down to the bladder
neck behind the trigonal layer.

The ureteric hiatus through which the ureter passes is a cleft in the detrusor
layer, more or less vertically disposed, with intersecting muscle bundles around it,
but the cleft is sometimes not completely filled by the ureter so that there is a
weak point in the detrusor muscle layer postero-lateral to the ureter through which
a herniation of mucosa sometimes forms the para-ureteric saccule.

Reflux prevention can be due to a passive valvular action or to active muscular
contraction; it has been repeatedly observed that the normal human cadaveric
bladder does not allow reflux, even though distended to high pressures. This reflux
prevention depends upon the intravesical section of the ureter which, lying imme-
diately below the mucosa, is compressed against the firm backing of the detrusor
muscle behind it as the bladder pressure rises. CAstrO and FINE (1969) found, by
graduated section of these detrusor fibres, that 5 mm of detrusor backing was
adequate to prevent reflux in the normal bladder. MippLETON found that the ratio
of the length of intramural ureter to diameter averaged 6.7:1 in normal reflux pre-
venting junctions and 0.75:1 in those which allowed reflux. Hurcu (1961) records
the actual length of the intravesical section which increases with growth from
0.1 cm in a premature child, to 0.7 cm in an infant of one year, 1.15 cm at ten years
and 1.45 cm at nineteen years. All these studies emphasise the importance of the
intravesical (submucous section) of the terminal ureter which is capable of forming
a passive valve and the purely passive system is relied upon in almost all operations
aimed at reflux prevention. Yet there is still some evidence that active muscular
contraction plays an important part in the normal functioning of the human
uretero-vesical junction. STEPHENS and LENAGHAN (1962) maintained that the
active contraction of the decussating longitudinal fibres crossing the roof of the
intravesical section compresses the ureter and closes it after an efflux has occurred,
and LENAGHAN (1967) has demonstrated that in dogs unilateral sympathectomy
is followed by ipsilateral reflux with asymmetry of the trigone due to muscular
relaxation and consequent shortening of the intravesical segment. The situation in
man is not necessarily the same, however, and FRYJORDET (1968) investigated pa-
tients who had had lumbar sympathectomies and found no reflux at all. TaNacHO
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et al. (1969), also working with dogs, found an intact trigonal muscle to be essential
for reflux prevention. Surgical interruption of the continuity between the ureter
and trigone consistently resulted in reflux which disappeared after healing. Trigo-
nal muscle stimulation increased the resistance to flow in the intramural ureter by
bringing its walls into tight apposition, thus occluding the lumen. This action was
impaired if the continuity of ureteric and trigonal muscle had been interrupted. It
is, of course, a common observation in clinical cases that damage to the trigonal
muscle consequent upon re-implanting one ureter frequently allows reflux to
occur post-operatively on the opposite side. Thus, in spite of the post-mortem stu-
dies it is difficult to deny the importance of the trigonal muscle in normal human
reflux prevention. This importance might lie in its capacity to maintain the length
of the intravesical ureter, preventing retraction and therefore keeping a sufficient
length to form a passive valve, or it might lie in the active closure of the ureteric
lumen. Perhaps both actions are important, for although the rise in pressure which
occurs in the bladder at the time of micturition will automatically close a normally
placed intravesical section of the ureter, while the bladder pressure is low and the
ureteric lumen remains open there may be some back and fore movement of fluid
from bladder to ureter. This is, in fact, observed not infrequently in otherwise nor-
mal ureters during cine cystography. Some opaque medium escapes back into the
lower part of the ureter at a very early stage in filling; it is rapidly returned by
ureteric contraction and reflux does not occur again even when micturition takes
place at high pressure. It seems that in these cases the intravesical ureter must
have failed to close after efflux, allowing a low pressure regurgitation, even though
the normal valvular action was present to prevent high pressure reflux.

III. The Pathology of Reflux

A variety of lesions may be responsible for a failure of the normal reflux-pre-
venting mechanism: they are essentially local lesions of the intramural ureter
rather than general disturbances of bladder function. Basically there may be a
rigidity of the tissues which prevents obliteration of the ureteric lumen, an
absence of sufficient length in the intravesical segment or an absence of adequate
detrusor backing to an intravesical segment of normal length. All these anato-
mical defects will produce reflux consistently but the influence of infection and
inflammation is not so clearly defined.

1. Reflux Due to Inflammation

It is generally agreed that in childhood reflux not infrequently occurs during
an episode of cystitis and ceases after control of infection, but figures on the fre-
quency of this event are hard to obtain since many investigators do not perform
cystograms during the phase of active cystitis. King et al. (1968) regarded all
cases of reflux in which the intravesical ureter was found to be of normal length
and in which infection was present as due to inflammation, and they observed
50 cases in this category, of which 44 ceased spontaneously to reflux at later in-
vestigation. HARrROW (1967), investigating 90 children with reflux, believed that in
42 the cause was recurrent non-obstructive cystitis. SHOPFNER (1970), in a radio-
logical study of a very large series, believed that infection alone could have been
the cause of reflux in 88 per cent of cases and of these 85 per cent responded to
medical treatment alone. KREPLER (1969), however, did not find such convincing
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evidence that reflux occurred only during infection and Lipsky (1971) found in an
experimental study in dogs that inflammation alone in an anatomically normal
ureterovesical junction could not produce reflux, thus contradicting the earlier
work of AUER and SEAGER (1937). The mechanism usually postulated to be the
cause of reflux in inflammation is oedema of the ureter and rigidity of peri-ureteric
tissues, though these findings cannot always be confirmed cystoscopically.

2. Short Intra-Vesical Ureter

It has already been noted that Hurch (1961) found the intravesical section of
the ureter to be much shorter in infants than in older children and it is well known
that reflux occurs more readily in the young. For reasons which are seldom evident
a persistently short segment may occur as an isolated anomaly associated with
reflux, or it may be seen along with ureteric dilatation and a wide trigone with
the mega-ureter megacystis syndrome. A permanently dilated fibrotic ureter with
reflux from any cause has a short intravesical segment.

3. Para-Ureteric Saccule

The ureteric hiatus in the detrusor muscle may be sufficiently large to allow
herniation of the mucosa to occur postero-lateral to the ureteric orifice. Where
there is a considerable muscular deficiency this hernia will occur at normal bladder
pressures, although it is clearly more apt to develop with increased pressures due

Fig. 38. Reflux with para-ureteric saccule. Micturating cystogram in a boy with recurrent
urinary infection



Reflux and the Ureter 115

to obstruction or neurogenic dysfunction. In the earlier stages the herniation only
occurs during micturition and in the resting bladder some redundancy of mucosa
is seen beside the ureteric orifice. In the more advanced condition a saccule is
present all the time but it enlarges during micturition (Fig. 38). The enlarging
saccule must always pull upon the ureteric orifice, and in many cases the orifice
is drawn well out into the wall of the saccule during micturition. In these circum-
stances the intramural ureter is no longer backed by firm detrusor muscle and
therefore allows reflux. However, a ureter with a para-ureteric saccule may on
occasions be obstructed but not allow reflux and histologically it may be seen that
the ureter and saccule are so closely applied that there is a deficiency of muscle in
this area.

IV. Reflux and the Ureter

Reflux may be associated with a normal calibre ureter (Fig. 39) or with almost
any degree of dilatation (Figs. 40 and 41) and it is easy to imagine that mechanical
back pressure in reflux produces a progressive dilatation of the ureter. Such a
hypothesis is hard to substantiate, however, from clinical observation: dilatation

Fig. 39 Fig. 40

Fig. 39. Reflux without ureteric dilatation. Cystogram in a male infant with a single episode
of urinary infection. Spontaneous improvement can reasonably be expected

Fig. 40. Reflux with minimal ureteric dilatation and pyelographically normal kidneys. Cysto-
gram in a girl with recurrent infection
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Fig. 41a—c. Reflux with severe dilatation
during micturition. a Intravenous uro-
gram in a girl of one year with recurrent
infection, showing moderate ureteric dila-
tation and renal scarring. b Cystogram
showing gross dilatation during micturi-
tion. ¢ Intravenous urogram a yearlater
after control of infection by chemotherapy

may be due to a variety of factors and it is conceivable that ureteric deficiency is
the cause rather than the result of reflux. Observation of the ureters in reflux by
cine radiology provides some important evidence and many workers have com-
bined this investigation with the measurement of bladder pressures (HiNMaN et al.,
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1962 and KREPLER, 1968). MELICK et al. (1966) have attempted to produce a full
classification of reflux according to the bladder volume and bladder pressure, but
the terminology of many classifications is confusing since reflux which occurs
only during micturition is sometimes spoken of as high pressure reflux, while
reflux taking place while the bladder is at rest is low pressure reflux. In the latter
case, however, there is much less resistance to back flow from the bladder and
during micturition the pressure which actually impinges upon the kidney is likely
to be much higher and therefore more damaging than in the so-called high pressure
reflux.

Certain specific patterns may, however, be described. Reflux may occur on
simple bladder filling into a normal calibre ureter. In such instances the ureters
appear not to have closed off after efflux, and they are capable of returning the
reflux medium rapidly and do not fill again on micturition. In most other mild
cases reflux occurs only during micturition and may or may not reach the kidney.
In moderately dilated refluxing ureters there is a characteristic appearance and
behaviour which distinguishes them from dilated obstructed ureters: the calibre
depends very largely upon the state of the bladder. With an empty and relaxed
bladder the ureter appears incompletely distended with rather lax folds and kinks,
sometimes longitudinal striations in the pelvis and ureter can be discerned indi-
cating corrugation of the mucosa, and a kinking is particularly liable to occur at
the pelvi-ureteric junction. During micturition there is a rapid distension of the
entire ureter and the renal pelvis with accentuation of the kinking but obliteration
of the longitudinal striations. Peristaltic activity is not observed at the height of
distension but recovers as the bladder relaxes, though it is seldom as vigorous as
in the purely obstructive cases. MELICK and NARYEKA (1960) and MELICK et al.
(1966) record very low ureteric pressures at rest and believe these ureters are in
fact incapable of raising a high pressure in contrast to the obstructive form.
KIRELAND et al. (1971) report that a high base line pressure is more common, but
record abnormal pressure readings in almost all refluxing ureters which are capable
of any active contraction. REUTERSKIOLD (1970) found most refluxing ureters had
a good contractility and failed to find any particular pattern associated with
reflux. All would agree that in severe grades of dilatation the ureter is extremely
tortuous and often aperistaltic. Moreover it appears that the accurate measure-
ment of bladder pressures has not produced data which can be accurately corre-
lated with renal damage or with the prognosis in reflux cases.

In following the progress of a case of reflux with dilatation it is clearly of vital
importance to compare like with like. The range in calibre of the ureter must be
estimated using the I.V.P. with an empty bladder and a cystogram at the height
of micturition as indicators (Fig. 41). Using these strict criteria an increase of
ureteric dilatation is frequently observed in cases of reflux with bladder outflow
obstruction, in cases of neurogenic bladder and in some with a severe infection,
but with a sterile urine and a normal bladder the ureters do not show a progressive
change. In some instances dilatation in an infant appears to become less even
though reflux persists: sometimes there is a spontaneous cessation of reflux with
improvement of dilatation and straightening of the kinks as growth proceeds,
although it may be demonstrated by retrograde pyelography that the ureters are
still capable of distension to their former calibre even though the I.V.P. may
appear to have returned to something like normal. An improvement in dilatation
can also be seen after simple reflux preventing operations, but once again the
ureter retains a potential for considerable dilatation.

The surprising lack of documented cases of progressive dilatation in children
with normal bladders and sterile reflux makes it difficult to attribute the ureteric
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change in reflux to hydrostatic factors. Experimentally VERMOOTEN and NEUS-
WANGER (1934) found that ureteric dilatation only accompanied reflux in dogs if
infection was present: this might, of course, be due to the high pressure in the

Fig. 42a—c. Reflux at birth, followed for
17 years. a Cystogram in a newborn in-
fant with temporarily palpable bladder
but no signs of infection. Bilateral reflux
with small dysmorphic kidneys. No treat-
ment given. b Intravenous urogram at 8
years of age: the boy remains symptom-
less and infection free. ¢ Intravenous uro-
grams at 17 years of age: still symptom
free and sterile, but blood urea raised to
56 mg/100 ml. The kidneys are small and
dvsmorphic; there has been no increase
of ureteric dilatation, reflux persists
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bladder or to the effect of bacterial toxins on the ureteric muscle. TEAGUE and
BovArsky (1968) have shown experimentally that coliform bacteria and their
endotoxins reduce ureteric peristalsis and cause a dilatation even before there has
been any inflammatory reaction in the ureteric wall. Thus the dilatation in reflux
might be due very largely to infective causes and the effect in a very young infant
might be much more severe than would be expected in later life. However, ureteric
dilatation can be observed in some sterile cases shortly after birth (Fig. 42) and it
is possible that in these we are seeing the effect of a failure of development of the
ureter throughout its length as well as at the uretero-vesical junction.

V. Reflux and Hydronephrosis

Many examples of vesico-ureteric reflux exhibit distension of the renal pelvis
out of proportion to the dilatation of the ureter suggesting an association between
reflux and pelvi-ureteric obstruction (Hinmax and Hurcr 1962). In the writer’s
series there have been a number of reflux cases subjected to pyeloplasty and these
have fallen into two categories. In the first there appears to have been a true
pelvi-ureteric obstruction presenting the classical signs of this disease and a clear-
cut point of obstruction with a normal ureter below it. Reflux in these cases was
sometimes partial, sometimes total, but it appeared to be irrelevant to the problem
of obstruction and in several cases ceased spontaneously after pyeloplasty. In the
second group there appeared to be no doubt that reflux was the primary disorder
and that secondary kinking at the pelvi-ureteric junction was responsible for the
appearance of obstruction. The operative findings were different, for although
there was some narrowing at the kinked area there was never a clear-cut point
of obstruction found in the simple cases. Ballooning of the renal pelvis in these
occurred during micturition (Fig. 43) and the dilatation remained for some time
after the ureter had emptied largely because of atonicity of the pelvic musculature.
Following surgical prevention of reflux this acute dilatation during micturition no
longer occurred and the pelvi-ureteric junction was capable of transmitting the
normal output of the kidney without difficulty.

VI. Reflux and Obstructive Nephropathy

The persistently raised intrapelvic pressure found in obstructive cases produces
a well known effect on the kidney, caliceal dilatation, destruction of nephrons
and slowly deteriorating renal function. It is natural to suppose that the brief but
repeated period of high intrapelvic pressure associated with free reflux would
have a similar effect, though over a much longer time scale. Hopsox (1969) has
drawn attention to the radiological appearance of progressive destruction of the
renal parenchyma due to obstruction, which sometimes occurs without gross
hydronephrosis. In this “obstructive atrophy’’ the kidney is little enlarged, but
the renal parenchyma is thinned by progressive distension of the calyces without
any of the irregular scarring of pyelonephritis. In a number of older children and
adults he finds this picture of obstructive atrophy with reflux but without evidence
of obstruction and without history of infection. He therefore postulates that reflux
is capable of producing these changes and he suggests that “intrarenal reflux”,
where backflow takes place into the renal tubules as can occasionally be demon-
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a b

Fig. 43a and b. Reflux into duplex ureter with ballooning of lower renal pelvis during micturi-
tion. Complete ureteric duplication with both ureters involved in para-ureteric saccule. a Intra-
venous urogram in a girl with recurrent urinary infection. Good function in the upper pole of a
left duplex kidney. Poorly opacified scarring of the lower pole. b Micturating cystogram
showing reflux into both left ureters, but severe dilatation of the lower renal pelvis

strated, may be much more damaging, even without infection, than simple reflux
into the renal pelvis. ROLLESTON et al. (1970) also believe that sterile reflux alone
can produce renal damage, at least in infancy, and note the presence of intra-renal
reflux in some children.

In experimental work it has been very difficult to demonstrate this obstruc-
tive effect of reflux on renal function. Ross and TromMPsoN (1963) produced reflux
in dogs for twelve to twenty-two months but did not observed ureteric dilatation
or renal damage in an uncomplicated case. KinG and IDR1ss (1967) followed dogs
for seventeen to twenty months after producing reflux before infection supervened ;
during that time they noted no change in renal function, although it later deterio-
rated with infection. LENAGHAN et al. (1972) report similar findings in pups. In
clinical practice it has also been hard to document progressive renal damage in
sterile reflux cases without obstruction. SARGENT (1964) recorded one man ob-
served with reflux over a twenty-three year period with no change in dilatation or
impairment of function. FrRIDJOFSSON and SUNDINN (1966) studied adults with
iatrogenic reflux and found that the sterile cases had normal renal function.
Kixe et al. (1968) followed several children with sterile urine over a period of two
years and found no deterioration of function. Although, therefore, the radio-
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logical evidence of late cases is distinctly suggestive it cannot be positively affirmed
that sterile reflux alone damages the kidney; if it does so it must be over a long
period and then probably in cases where there is free reflux without gross dilata-
tion to damp down the pressure waves.

VIIL. Reflux and Urinary Infection

It is agreed that reflux can result from inflammatory changes consequent
upon urinary infection, but there are many cases in which reflux has an origin in
a congenital defect which is later complicated by infection; this event is so common
that it may reasonably be supposed that reflux predisposes to infection. This
predisposition would be explained by the maintenance by reflux of a residual
urine within the urinary tract and a consequence of the theory should be a cessa-
tion of episodes of infection after surgical prevention of reflux. Various series have
been reported and these will be discussed in a later section. It nevertheless appears
that some 25 per cent of children whose reflux is satisfactorily corrected continue
to have episodes of infection. As almost all treated children were those in whom
medical treatment had failed it seems that surgery is partially, but not completely,
effective.

VIII. Reflux and Pyelonephritis

Perhaps the most important observation relating to the natural history of
reflux is its association with chronic pyelonephritis. In the child the classical
radiological appearances of chronic pyelonephritis are coarse scarring and con-
traction, a small kidney with an irregular outline and loss of parenchyma in relation
to clubbed and distorted calyces, (Figs. 42—46). Radiologically this appearance may
be hard to distinguish from the congenitally small and dysplastic kidney dis-
cussed on p. 69. Almost 100 per cent of cases with clearcut pyelonephritic scarring
will show reflux at some time (HoDson, 1967), or the appearance of the ureter is
such as to make it reasonably certain that reflux has occurred in the past. Similar
reports come from ScorT and STANSFIELD (1968) and from Hurch, SMiTH and
OsBORNE (1969). Where the disease is known to be progressive reflux can regularly
be demonstrated in addition to infection but by contrast recurrent infection
without reflux is not complicated by pyelonephritic atrophy. Occasionally a child
with radiological signs suggestive of chronic pyelonephritis may have sterile urine
and no history of urinary infection, but in these renal dysplasia or obstructive
atrophy have probably been responsible for the renal change. There can be no
doubt that it is reflux plus infection which carries the major risk.

The incidence of pyelonephritic scarring in the child population increases with
age, but there is only an indirect relationship between scarring and the number
of infections. Moreover the radiological appearance of scarring takes some months
to develop so that it may be seen for the first time after the infection and reflux
have been controlled. Occasionally spontaneous cessation of reflux will occur in a
case of pyelonephritic scarring even though clinical infections persist. There is no
direct relationship between pyelonephritis and the degree of ureteric dilatation.
Severely scarred kidneys may have almost normal ureters and some well preserved
kidneys have a grossly dilated renal pelvis.
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Fig. 44 Fig. 45

Fig. 44. Reflux and pyelonephritic scarring. Micturating cystogram in a girl with recurrent
urinary infection. The left kidney is severely scarred; on the right there are mild changes,
although the reflux appears to be equal

Fig. 45. Reflux with dilatation, obstructive and pyelonephritic changes in the kidneys. Mic-
turating cystogram in a boy of 8 years presenting with enuresis and mild pyuria. Severe dila-
tation of the ureters with ureteritis cystica in left ureter

There are, of course, many cases of infected reflux with radiologically normal
kidneys and the additional factor required for pyelonephritis is unknown. Reflux
clearly facilitates the ascent of organisms from the infected bladder and deposits
them in the renal pelvis where they can be absorbed into the lymphatics. It may
be that the penetration of organisms into the tubular system is required to produce
the classical picture of chronic pyelonephritis. Some cystograms do, in fact,
show reflux of opaque medium into the renal tubules. There are many gaps
in our knowledge but for the present it must be assumed that any child with
reflux and recurrent infections runs the risk of developing destructive renal
disease.

IX. Spontaneous Cessation of Reflux

It is well known, and often recorded e.g. BAKER et al. (1966), that reflux is
common in childhood and relatively rare in adults: there is therefore a strong
case for supposing that spontaneous cessation of reflux is the rule. Firm conclu-
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Fig. 46. Reflux with ureteric dilatation and small dysplastic kidneys. Cystogram in a boy of
3 years with infection and uraemia

sions can only be drawn, however, from studies of refluxing cases treated con-
servatively with accurate monitoring of the rate of spontaneous cessation. Thus
SMELLIE (1967) found 61 per cent spontaneous cures in 100 ureters. REISOHAUER
et al. (1968) followed 45 cases and found spontaneous cessation in 15, all of which
had normal initial pyelograms. STEPHENS and LENAGHAN (1962) followed 69
refluxing ureters for periods of between five and ten years: in 31 per cent reflux
ceased, in 29 per cent it improved and in 40 per cent it was unchanged. BLigHT
and O’SHAUGHNESSY (1969) followed 28 patients with reflux but with normal I.V.P’s
and found recovery in 43 per cent. FISHER and DARLING (1967) compared 50 cases
treated medically with 50 treated surgically: 34 per cent of the former recovered
spontaneously and none of the uncured cases showed any increase in hydrone-
phrosis. Surgical results were less satisfactory.

The degree of dilatation of the ureter and results were classified by HerkeL
and PARKRULAINEN (1966) who followed 78 patients. In total they had 27 per cent
cured and 17 per cent improved, but the most severe degree showed no recovery.
O’DoxNNELL et al. (1969) followed 79 cases with mild or moderate reflux and
recorded 39 per cent cured or improved, 48 per cent static and 15 per cent worse,
usually with persistent infection. Their most severe grade showed no improve-
ment. EDWARDS (1969) similarly classified cases according to dilatation and found
a larger proportion of the milder degrees improving or recovering, but most of
the severe dilatations unchanged. It may thus be taken as established beyond
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doubt that a child with reflux into normal or slightly dilated ureters has some-
thing between a 30 and a 60 per cent chance of spontaneous cessation of reflux.
Where severe dilatation is present the chances are less good, but nevertheless
individual instances can be shown by most observers to exhibit spontaneous
recovery even when the ureter remains dilated afterwards. King et al. (1968)
relate the likelihood of recovery to the appearance of the ureteric orifice and the
length of the intravesical segment, as measured cystoscopically. Thus 44 out of
50 cases with a normal anatomy in which they believed inflammation was the
cause showed recovery; recovery was much less frequent with a short intravesical
segment and in 11 patients with saccule formation there was no improvement at
all. These figures could be confirmed from the writer’s experience. LYoN et al.
(1969) have stated that the likelihood of spontaneous recovery may be judged from
the appearance of the ureteric orifice, and it is universally agreed that a widely
gaping, and certainly a scarred, orifice is unlikely to cease to reflux. Thus recover-
ability is related to the permanence or otherwise of the local lesion at the uretero-
vesical junction, and in those cases where there is severe dilatation of the ureter
this junction can never be normal. The mechanism of recovery where inflammation
was the sole cause need scarcely be discussed further, and the chances of recovery
after relief of bladder outflow obstruction are recorded later in this chapter. In
many instances, however, recovery must be due to a process of growth and
maturation, partly on the basis described by Hurcr (1961), who showed that
there was an increase in the length of the intravesical segment of the ureter.
Experimentally working with pups, LENAGHAN and CusseN (1968) have reported
that reflux was very commonly observed at the age of two months but had almost
always ceased by the age of six months. This recovery was largely but not entirely
related to increasing length of the intravesical segment, the other factor being
presumed to be the maturation of the muscular properties of the ureter. They
noted that the presence of severe urethral obstruction did not prevent the spon-
taneous cessation of reflux. In the child the time scale of recovery is uncertain:
there are many who have reflux for several years before recovery occurs, even
though this is not related to any other event such as puberty. Most will recover
in two years or not at all. It may also be remarked that recovery need not neces-
sarily be permanent; reflux may re-appear after an inflammatory episode or later
in life during pregnancy. Moreover the cessation of reflux does not necessarily
mean that the child is no longer subject to urinary infections or that the ureter
has entirely returned to normal.

X. The Clinical Management of Uncomplicated Reflux

Almost all the authors referred to in the bibliography of this chapter have
drawn conclusions as to the management of reflux cases, varying from complete
conservatism to early operation on the great majority. In this section the present
writer attempts a balanced assessment and outlines his personal policy in these
cases.

The natural history of the disease already outlined emphasises factors govern-
ing treatment.

1. Reflux together with infection is dangerous.

2. Sterile reflux is unlikely to be harmful in the absence of obstruction.

3. Reflux in a normal or slightly dilated ureter has at least a 30 per cent chance
of spontaneous recovery.
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4. Operation, although ordinarily successful, can never be claimed as entirely
free of risk.

The first overall principle in management must therefore be a long term super-
vision since the children are at risk whether treatment is medical or surgical.
They may well develop serious renal damage insidiously and without symptoms
demanding urgent attention. Regular reviews of patients by urine cultures and
radiological studies are therefore obligatory. This commitment in most communi-
ties will fall upon the paediatrician or family doctor, but it is the responsibility
of the urologist to ensure that supervision is possible.

The preliminary investigation of reflux cases obviously requires pyelography
and cystography. It should preferably also include an estimate of renal function
by chemical or isotope method. In all except the mildest cases cystoscopy is desir-
able both to eliminate complicating factors and to assess the prognosis from the
appearance of the ureteric orifices. Urethral dilatation is often included as part
of the initial treatment, but as discussed in Chapter I this has little statistical
justification. Following the initial investigation the management of most cases
with normal ureteric orifices, normal or slightly dilated ureters, should proceed on
the expectation of spontaneous cessation of reflux. They may be treated by inter-
mittent or preferably continuous chemotherapy, a discipline of plentiful fluid
intake with regular micturition and double voiding if possible should be instituted
and if necessary attention should be given to other infections in the body, such
as upper respiratory tract, and to vulval hygiene. Urine is cultured at four to
eight weekly intervals and pyelograms and cystograms are repeated after one
year and again after two years. Many cases will be entirely symptom free and
maintain a sterile urine on this regime; if reflux proves to have ceased then
follow-up need only be undertaken at less frequent intervals. If it has not, then
the full regime should be continued for a further two years. If, despite carefully
controlled chemotherapy, infections with fever and evidence of renal involvement
continue to occur then operative reflux prevention should be considered: and
reflux which persists in girls past puberty is better corrected surgically even if
the urine is sterile. Early operation will be advised if the degree of dilatation of
the ureter is considerable, Fig. 44-45, or if the condition of the uretero-vesical junc-
tion is such that spontaneous cure is unlikely, e.g. short intravesical segment,
widely dilated orifice, paravesical saccule. Other factors favouring early operation
will be the presence of established pyelonephritic scarring, showing that the con-
dition is potentially serious, and ballooning of the renal pelvis during micturition
with possible secondary pelvi-ureteric obstruction. Factors weighing against sur-
gery are early infancy, when both the chance of spontaneous cure and the hazards
of operation are greater, and established reflux with enormously dilated aperistaltic
ureters. Hypertension is unlikely to be influenced by reflux prevention and should
always be controlled medically before surgery of any sort is considered.

Surgery will almost always entail one of the reflux preventing procedures
referred to in the next section, but if one kidney is very small, e.g. it contributes
less than 10 per cent of total creatinine clearance, or if one ureter is enormous
and the other normal, nephro-ureterectomy is preferable. Severely dilated but
actively peristaltic ureters should be remodelled at the lower end at the time
of re-implantation, and possibly remodelling of the upper end with pyeloplasty
will be required later. The most difficult problem is with bilateral gross dilatation
with aperistaltic ureters. Reconstructive procedures succeed very poorly in such
cases, while cutaneous diversion is much less effective in the refluxing than in the
obstructed ureter. Cutaneous ureterostomy is usually sufficient to control infec-
tions in the grossly dilated ureters and may thereby improve renal function, but
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in the absence of bladder outflow obstruction no functional improvement will be
seen in sterile cases as a result of bringing the ureters to the surface. Children with
approaching renal failure in such circumstances may be better allowed to remain
with an intact urinary tract until such time as a renal transplant becomes inevi-
table.

In infants with severe dilatation of the ureters a simple vesicostomy, bringing
the apex of the bladder to open widely on to the abdominal wall below the um-
bilicus, may allow free drainage and eliminate infection without compromising
later remodelling and re-implantation. It provides an unsatisfactory stoma for
prolonged diversion in an older child but can be of value as a temporary measure.

Follow-up is as important as pre-operative investigation. All techniques have
an incidence of post-operative obstruction, making pyelography at some time
between three and six months obligatory. In general such obstructions are early
in onset and late scarring appears to be extremely rare. With regard to persistent
infection, WirLiaMs and EckSTEIN (1961) report that infections continued in 14
per cent of those cases where reflux had been successfully treated, and the majority
of those were children with severe pyelonephritic scarring. Porirano (1963) had
a total of 100 patients with 6 failures to prevent reflux and persistent infection
in 25. HurcH (1968) had 31 per cent of patients with some recurrence of infection
and HENDREN (1968), 20 per cent. GovaN and PALMER (1969) comment that only
7 per cent of post operative cases continued to have pyelonephritic episodes, and
it is in general the impression that after reflux prevention such infection as occurs
is confined to the bladder. In the author’s experience this is not invariably the
case but there is no doubt that the incidence of progressive pyelonephritic scarring
after successful reflux prevention is very small indeed.

XI. Operative Technique

A wide variety of techniques is available for reflux prevention, and although
operative details are outside the scope of this work it may be useful to indicate
the advantages and disadvantages of the various methods. It is, of course, valuable
for every surgeon to develop a routine and employ one method at which
he beomes adept, but it is equally important that in special circumstances he
should be able to employ other techniques morea pplicable to the particular
situation.

Almost all methods of obtaining a valvular uretero-vesical junction depend
upon the construction of a terminal segment of submucosal ureter sufficiently
long to act as a valve by being compressed against the detrusor muscle by the
pressure of the bladder contents during micturition. These methods may be sub-
divided into re-implantation techniques, advancement techniques and displace-
ment techniques which preserve ureteric continuity.

The re-implantation techniques are best exemplified by the methods described
by PorLiTano and LEADBETTER (1958) and by PAQuiN (1959). The former was the
present author’s preferred operation and is applicable to the majority of cases,
being particularly well suited to those where the terminal ureter is better excised
along with its accompanying saccule. It has a high percentage of success in cure
of reflux, 85-95 per cent, and failure is almost always due to poor technique
allowing too short a submucous segment (it should be 3-4 cms long) or a failure
of healing which allows the ureter to draw back upwards and shorten this segment.
Reflux can be prevented in moderately dilated ureters but re-modelling of the
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lower end is essential to consistent success in greater degrees of dilatation. It is
the author’s practice to re-model any ureter which has a diameter of more than
one centimetre when deflated and to carry this re-modelling up to the pelvic brim
well above the intra-mural segment. The hazards of the operation are largely in
the production of obstruction: this can occur by kinking of the ureter outside the
bladder, particularly where the implant has been made too high up. Kinking is
less likely to occur if the dissection has been carried out extra-vesically as well
as intra-vesically so that the ureter can be inspected at the end of the operation
and demonstrated to be straight. A very high implant is always in danger of
kinking when the bladder is full, though it may well drain when the bladder is
empty. Obstruction may also occur from constriction within a very narrow tunnel
in the bladder wall, and in others there is stricture of the terminal segment,
probably due to avascularity following ruthless stripping of the adventitia. It is
rare to see an actual stenosis of the new mucosal junction of the ureter with the
bladder unless the uretero-neo-cystostomy has been allowed to remain dry by
diversion of the urine at a higher level during the healing period.

The advancement techniques depend upon the construction of a sub-mucosal
segment of the ureter downstream from the normal site of the ureteric orifice. In
a small trigone this can be very difficult and perhaps impossible bilaterally, but
in many cases of reflux a very large trigone is present with the ureteric orifices
far apart and advancement is then a simple technique. In cases where a previous
re-implantation operation has been undertaken without successful prevention of
reflux a high uretero-vesical junction can be brought down to the trigonal level
by the advancement method. BiscHOFF (1957) described an advancement techni-
que depending upon the construction of a ureteric prolongation by burying a strip
of mucosa extending downwards from the ureteric orifice toward the bladder
neck. This had the significant advantage of leaving the ureter itself in situ, but
in fact the method is often associated with poor healing and has not in most
hands, e.g. WiLLiams and EckKSTEIN (1965), given adequate reflux prevention.
Wirriams, Scort and TuRNER-WARWICK (1961) described an advancement tech-
nique in which the intramural ureter is mobilised along with the bladder mucosa
behind it and drawn down over a denuded trigone. This method was developed
with a view to avoiding the necessity for tunnelling under the trigonal mucosa,
since muscle and mucosa in this area are rather tightly bound together and a
tunnel is not easily developed. However, GLENN and ANDERSON (1967) have shown
that the advancement need not necessarily be down towards the bladder neck,
it may be medially across the bladder behind the trigone. Advancement techniques
are very seldom associated with any form of obstruction and with careful handling
they can give efficient reflux prevention.

The displacement techniques have the significant advantage that they main-
tain ureteric continuity and are particularly appropriate where the blood supply
of the ureter may be jeopardised by operative interference higher up: when, for
instance, there is a cutaneous ureterostomy to be closed or a pyeloplasty to be
performed at the same time as reflux prevention. The original Hutch operation
displaced the ureter into the bladder lumen and allowed mucosal growth to cover
it over. This method could give efficient reflux prevention but there was some
danger of kinking the ureter where it was brought in. The Gregoir technique, well
described by ArAP et al. (1971) is a more efficient displacement method creating
the submucosal space from outside the bladder and reconstituting the muscle
layer over it. However, where re-modelling of a dilated ureter is required, or
where it is necessary to shorten the ureter by excising the terminal segment, no
great advantage can be claimed for this over ordinary re-implantation. Obstruction
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may occur with the extra-vesical displacement operation, probably due to exces-
sive mobilisation of the ureter down into the tunnel, or to a very long tunnel with
kinking at the upper end, or to haematoma formation.

XII. Reflux in Duplex and Ectopic Ureters

Taking the whole group of duplications, reflux occurs more often than in
single ureters and the excess is largely attributable to the complete duplications.
AmBrosE and N1corsoN found 27 duplications in a series of 183 refluxing cases,
an incidence of 1:7.3, whereas from the known overall frequency of ureteric dupli-
cations one case would be expected in every 161 refluxers. The conditions of
reflux vary according to the precise anatomy of the duplication and it is therefore
necessary to discuss the group under a series of sub-headings.

1. The Bifid Ureter

Although reflux is not uncommonly found in cases of bifid ureter there is
very little evidence to suggest that the bifurcation in any way predisposes towards
reflux when it is at any point clear of the bladder wall. The refluxed urine enters
both limbs of the ureter and pyelonephritic scarring, if present, affects both
halves of the kidney although not always to the same extent. The presence of
vesico-ureteric reflux does not preclude concomitant uretero-ureteral reflux due
to uncoordinated peristalsis. If re-implantation is undertaken for a ureter with
a low bifurcation the two branches should be implanted so that they open separa-
tely into the bladder to prevent subsequent uretero-ureteral reflux.

Fig. 47. Diagram showing the possible positions of an ectopic ureteric orifice in relation to
their liability to reflux

2. Complete Duplications

Fig. 47 sets out the possible openings for the upper pole (ectopic ureter) in
complete duplications. In the rare Type 1. the upper pole ureter lies medial to and
on a level with, or even slightly above, the lower pole ureter. Both may function
normally but if a para-ureteric saccule is present it will involve both and reflux
will occur into both halves of the kidney (Fig. 43).
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In the common form of complete duplication, Type 2, the upper pole orifice
is usually small and slit-like, opening on the trigone a short distance below and
medial to the lower pole. Since the ureters are bound within a common adventitia
at their lower end it is clear that the “‘ectopic’ ureter must have a longer intra-
vesical segment than the “orthotopic”, and it is therefore no surprise to find that
reflux occurs into the orthotopic, but not into the ectopic, ureter. The pathological
conditions accompanying this reflux are as varied as in single ureters; short intra-
vesical segment, widely dilated orifice, para-ureteric saccule, and often the contra-
lateral single ureter refluxes as well: this finding was present in 12 out of 26 cases
in the writer’s series. The salient feature of this group is that the pyelonephritic
process often found is strictly limited to the lower pole (Fig. 48), thus confirming
the paramount importance of reflux in the development of chronic pyelonephritis
in childhood. Occasionally, however, the lower pole is also dysplastic and then
the upper pole may possess more calyces than normal, so that a local congenital
anomaly of the kidney is present in addition to that of the ureters.

Operative prevention of reflux should be undertaken on the indications al-
ready discussed for uncomplicated reflux cases. Since the two ureters are bound
closely together at their lower end a re-implantation in these types of duplication
may be performed by treating the two ureters as a single unit. If, however, the
lower pole ureter is seriously dilated and requires re-modelling it is better to
separate the two. A further possibility in this anomaly is to perform a pelvi-
ureterostomy at the renal level so that all the urine drains down the healthy upper
pole ureter. However, on occasions this ureter is too narrow to take the whole
volume of urine and in general the re-implantation techniques are better, except

Fig. 48. Duplex kidney with pyelonephritic lower pole. Retrograde pyelogram in a boy with
recurrent infection. The upper pole ureteric orifice was in the Type 2 position, the orthotopic
orifice allowed reflux. The upper calices are well preserved, the lower scarred and contracted
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where the pyelonephritis is far advanced so that hemi-nephrectomy is preferable
(JounsToN and HErar, 1971).

When the ectopic ureter terminates immediately above, at or slightly below
the bladder neck (Type 3) and there is no complicating ureterocele, reflux into
the ectopic ureter is the rule (Fig. 49). This presents a marked contrast with
Type 2, and the cystoscopic appearance of this orifice is also different, it is usually
wide with relaxed margins and if the bladder is sufficiently distended it gapes.
The ectopic ureter itself is usually dilated and the renal element which it drains
is pyelonephritic or dysplastic. Although it might be supposed that the long intra-
mural course of this type of ectopic ureter would protect it against reflux this

Fig. 49. Urethral ectopic ureter. Micturating cystogram in a girl with recurrent infection but
normal continence. The bladder empties completely but reflux occurs into a ureter opening
just below the bladder neck. The vagina also is filled with opaque medium

protection fails, both because the muscular system of the ureter is abnormal,
because the calibre is wide and because the terminal course is not immediately
below the bladder mucosa but deeper within the muscle and adventitia. Most
children in this group present with recurrent or persistent pyuria and do not
suffer incontinence. Pyelograms show duplication with a defective upper and a
normal lower pole, or occasionally, particularly in boys, the ectopic ureter is a
single one and no normal renal element is present. A variant on this type is when
the orthotopic ureter refluxes as well as the ectopic, perhaps due to saccule forma-
tion, and in some such cases enormous dilatation of the lower pole ureter may so
dominate the radiological appearance that the small ectopic ureter is overlooked.

In the ectopic ureters hemi-nephrectomy and ureterectomy is almost always
the preferable treatment for this group.

An ectopic ureter opening into the lower part of the female urethra (Type 4)
usually causes continual dribbling incontinence and does not reflux. The exact
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level at which the change occurs from a continent refluxing ureter to an inconti-
nent valvular one is hard to define, although occassionally in bilateral cases one
ectopic ureter is above and one below the critical level. Probably, however, all
urethral ectopic ureters in the female will reflux if there is meatal obstruction.

An ectopic ureter in the female opening outside the urinary tract (Type 5)
obviously cannot be subject to reflux, but in the male where the ureter joins the
genital tract reflux into the common terminal duct is usual and is the cause of
epididymitis in these cases.

Reflux in association with ectopic ureterocele has many implications and is
fully discussed in Chapter L.

XIII. Reflux and Bladder Outflow Obstruction

The response of the detrusor muscle to outflow obstruction is by hypertrophy,
with trabeculation and ultimately sacculation of the bladder. The trigonal muscle
also undergoes hypertrophy and where it is strong there is some tendency to draw
the ureteric orifice towards the bladder neck thus elongating the intravesical
segment of the ureter and giving it additional protection against reflux. It is
thus not surprising that in a high proportion of cases of urethral valves with
gross obstruction no reflux is found. If, however, the trigonal muscle does not
respond adequately the process of sacculation of the bladder is likely to involve
the ureteric hiatus with consequent outward displacement of the ureteric orifice
and reflux. In this situation the ureteric orifice may be cystoscopically invisible,
but if seen is often not grossly dilated. Later in the course of the disease, parti-
cularly with chronic infection and longstanding obstruction, the ureter itself
becomes widely dilated and rigid. In the author’s series of infantile urethral valve
cases 44 per cent had pre-operative reflux, and of these one third stopped spon-
taneously after removal of obstruction. In reviewing this group in detail
he found the influence of reflux on the course of the disease to be rather less
than might have been anticipated. Grossly dilated ureters were found as often
without reflux as with it and the overall renal function was slightly better in
the reflux cases. However, a number of refluxing ureters were associated with
functionless kidneys which ultimately required removal. In other urethral ob-
structions similar findings may be reported, though the obstruction is seldom as
severe as in posterior urethral valves. The rate of spontaneous cessation of reflux
after relief of obstruction would obviously vary according to case materia. Thus
King et al. (1968) report 31 cases of reflux accompanying unequivocal outflow
obstruction in which 14 ceased to reflux after the obstruction had been removed,
and of these 11 were cystoscopically normal ureters. It is clear, therefore, that in
persistent reflux the causative lesion involved is a local one at the uretero-vesical
junction together with the failing muscular activity of the ureter as a whole. In
recoverable reflux the simple factor of the intravesical pressure at the time of
voiding may be of some importance.

The association of reflux and bladder neck obstruction has often been dis-
cussed, but in recent years the concept of bladder neck obstruction as a disease
has been severely criticised, e.g. SMITH (1969), ScoTT (1969). Both these authors
conclude that there is very little evidence for the existence of such a disease in
childhood. It will, however, be evident to all surgeons performing operations for
reflux prevention that in some children the bladder wall appears to be of
normal thickness, while in others there is well marked hypertrophy of the detrusor
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layer with trabeculation although the urethra is urethrographically and endo-
scopically normal. The bladder neck in these cases is hypertrophied and if no
neurological disorder can be demonstrated it is hard to escape the conclusion that
some type of obstruction has produced the hypertrophy and that the bladder
neck may well be responsible. WiLLiaMSs and ECKSTEIN (1961) in a series of 276
cases of reflux found 76 in which there was some hypertrophy with severe changes
judged by the thickness of the bladder wall in 34 of these. This change was not,
however, associated with residual urine and there was no more dilatation of the
ureters in this group than in those with thin walled bladders. Bladder neck re-
vision procedures were undertaken where detrusor hypertrophy was found, but
there was no difference in the success rate of reflux prevention in cases with or
without bladder neck revision. MCGOVERN and MARSHALL (1968), however, report
that bladder neck Y-V plasty has improved surgical results and they continue to
perform this procedure. RUDHE and Er1csson (1966) report that their views on
bladder neck obstruction in contrast to many other writers have changed very
little over the years, and they analyse a series of 45 cases of which 41 were male.
The diagnosis was made by conscious micturating cystogram, showing in true
lateral views as well as in obliques, an exaggerated intrusion of the muscle of the
bladder neck into the urethra on the posterior and lateral aspects. They were
not much concerned with the presence of residual urine or trabeculation and the
cystoscopic appearance was regarded as of less importance than the radiological.
In this group reflux was present in 30 children, of whom 11 were unilateral and
19 bilateral. Upper tract dilatation was present only in those cases with reflux,
a fact which seems to minimise the importance of the obstruction itself. After
trans-urethral resection of the bladder neck 16 out of 28 patients had a decrease
or disappearance of the reflux. They noted that minimal reflux into non-dilated
ureters almost always disappeared and that on occasions quite well marked reflux
stopped, although it might leave the ureter dilated. Their results were based on
a long follow-up and a cessation of reflux must be regarded as reliable, but it has
to be compared with the incidence of spontaneous cessation which has reached
similar figures. Reflux has frequently been reported in association with distal
urethral stenosis: this aspect is discussed in Chapter I, but it may be noted that
in general urethral dilatation does not achieve a greater rate of recovery than
medical treatment alone.

XIV. Reflux and Megacystis

The mega-ureter megacystis syndrome was first described by the present author
in 1954 in relation to infants who had very large capacity bladders capable of
emptying completely without residue, but with very free reflux into grossly dilated
ureters (Fig. 50). At cystoscopy it could be appreciated that the trigone was wide
and that the ureteric orifices were gaping. These children presented with recurrent
urinary infections and in many cases passed urine very infrequently, perhaps only
twice in twenty-four hours. The volume passed in each act of micturition was
considerable but there did not appear to be any difficulty in micturition except
during exacerbations of infection. The term ‘megacystis’ was used in order to
distinguish the condition from bladder outflow obstruction in which trabeculation
and true residual urine were present. Cystometrographic studies in the author’s
cases were performed by LriBowirtz and O’DoNNELL (1957) and showed that
the terminal capacity in these cases was considerably greater than observed
in normal or in bladder outflow obstruction cases after relief of obstruction. Only
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a b

Fig. 50a and b. Mega-ureter-megacystis. A boy of 5 years with recurrent infection. a Cysto-
gram showing an enormous capacity bladder without sensation of fullness. b Micturating
cystogram showing satisfactory emptying of the bladder but free reflux into dilated ureters

in the absent abdominal muscle syndrome was there a comparable bladder capac-
ity.

At the time of the initial description the extreme frequency with which reflux
occurred in children was not altogether appreciated, nor the extent to which
dilatation could occur during micturition only. PaQuin, MArsHALL and MCGOVERN
(1960) later showed that megacystis with reflux need not always be accompanied
by dilated ureters; they made accurate measurements of the width of the trigone
and the diameter of the ureteric orifice and found both these measurements
increased to often as much as twice their normal in the megacystis cases. They
felt that the megatrigone was the primary abnormality, the megacystis being
relatively unimportant. They noted that the evacuation of the bladder was in-
frequent and that occasionally the child had difficulty in the initiation of micturi-
tion, but that serious symptoms were related only to the reflux and recurrent
infections.

It is now clear that the megacystis condition is relatively uncommon compared
with reflux as a whole and some doubt has been cast upon the validity of the
conception. Nevertheless some children present with very large bladder capacities
which differentiate them from ordinary reflux cases and although the serious
complications to be faced are those of reflux (Fig. 51) and pyelonephritis, the
bladder condition remains. The pathological lesion in the bladder has not been
identified. LEIBowITZ and Bopiax (1963) demonstrated that the ganglion cell
population of such bladders is normal, thus contradicting the earlier hypothesis
that these bladders were aganglionic.
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Fig. 51a—c. Mega-ureter, megacystis. A
boy of 1 year with recurrent infection.
a pre-operative intravenous urogram.

b Micturating cystogram showing gross
dilatation of ureters. ¢ The intravenous
urogram 3 years after successful reflux
prevention
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XYV. Reflux in Neuropathic Bladder

In the neuropathic bladder of children reflux is common. EDWARD et al. (1969)
found that in 71 cases low pressure reflux was present in 25 per cent and high
pressure reflux in an additional 34 per cent. They did not, however, find any
correlation between reflux and upper urinary tract damage and no difference in
the effects of low pressure and high pressure reflux. PELLMAN (1965) found that
30 out of 61 children had reflux and that it was more likely to occur in girls than
in boys. Many of these cases developed reflux between the ages of one and three
years and it was particularly associated with infection before instrumentation.
They found to their surprise that reflux was more common where muscular para-
lysis was least severe. Some of the bladders were trabeculated but some were not
and a flat cystometrogram was characteristic of the refluxing cases. COOPER (1968)
carried out an extensive investigation of pressure flow relationships in the
neuropathic bladders of children and found that there was no correlation between
high bladder pressures and reflux, or indeed between high bladder pressures and
upper tract dilatation. Reflux occurred in the infected urinary tracts where bladder
pressures remained low.

The effects of reflux in the neuropathic bladder are often similar to those
seen in the normally innervated urinary tract. Reflux, once established, is difficult
or impossible to eradicate and leads to chronic pyelonephritic atrophy. Ureteric
dilatation is often seen with reflux and is frequently worse on the refluxing side, in
unilateral cases. However, the dilatation is primarily due to the bladder disorder
and may well occur without reflux. The management of neuropathic bladders is
discussed in Chapter S.

XVI. Reflux in Vesical Exstrophy

The extroverted bladder obviously cannot reflux in ordinary circumstances,
but in epispadias and after reconstruction of exstrophy reflux is common. The
pathological junction of the ureter and bladder is responsible and the anatomy
and the treatment are discussed in Chapter T.

XVII. Reflux with Renal Dysplasia

It is well recognised that renal dysplasia is often associated with disorders of
ureteric or vesical form and function and particularly with reflux. The simplest
examples are seen in the cystic dysplastic kidneys. In the multicystic kidney the
renal tissue is replaced by a functionless bunch of cysts with an obliterated renal
pelvis and upper ureter. The lower part of the ureter in such circumstances often
appears normal, yet reflux frequently occurs into it and contralaterally there is
often ureteric obstruction or reflux or both. Small but functioning dysplastic
kidneys are liable to infection, perhaps because of their intrinsic anomalies
(Ericsson and IVEMARK, 1958) and associated reflux might be attributable to
infection, yet the slight atonic dilatation of the ureters in dysplastic cases strongly
suggests an muscular anomaly and reflux is often seen in neonatal examples with-
out infection (Fig. 52). In ectopic ureter the association of renal dysplasia with
poorly functioning refluxing ureters is well established. Reflux in the prune belly
syndrome might be included under this heading as well, but is discussed in Chapter

Q.
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Fig. 52. Cystic dysplastic kidneys with reflux. Micturating cystogram in a uraemic neonate
with sterile urine. Biopsy shows cystic dysplasia of the right kidney and no true pelvi-ureteric
obstruction. The left kidney is very small and cystic

XVIII. Reflux and Ureteric Obstruction

Although at first sight reflux and uretero-vesical obstruction might seem to be
the converse of one another there is, in fact, nothing incompatible about them,
and on rare occasions there is obstruction to downflow but reflux up the ureter.
It has already been seen that in the case of the paraureteric saccule either phe-
nomenon may be seen and there is good evidence that in some both are present.
Similarly on rare occasions in obstructive mega-ureter reflux can take place
through the narrow lower segment and radiologically a small volume of reflux
of opaque medium reaches the dilated segment where, since there is already a
considerable mass of non-opacified urine it becomes diluted or shows as a fluid
level. GREGOIR and DEBLED (1969) found an increase in collagen in the terminal
segment of the obstructive mega-ureter and if this rendered the intramural seg-
ment rigid reflux would naturally be expected. The treatment is, of course, ex-
cision of the narrow segment and re-implantation of the ureter by a reflux pre-
venting technique.



K. Ectopic Ureter
D. InxnEs WILLIAMS

With 9 Figures

I. Ectopic Ureter with Duplication in the Female

The classical situation of the ectopic ureter causing incontinence in the girl is
well recognised and adequately described (ScHULMAN, 1972; MALEK et al.,
1972). The possible sites for the ectopic orifice are at the bladder neck, in the upper
urethra, in the lower urethra, beside the external urinary meatus and in the
vagina. Rare ectopic openings in the rectum are described (UsoN and SCHULMAN,
1972). In the upper urethra reflux is common, but incontinence does not necessarily
occur. In the lower urethra reflux is not common but incontinence is the rule. In
the mid-urethra reflux and incontinence are both possible, and to some extent the
incontinence represents the return of urine which has temporarily distended the
ureter during micturition. In some cases the upper end of the ureter is atretic and
derived from a non-functioning renal element, while the lower end is dilated and
may appear as a urethral diverticulum (Vax Houttg, 1970). Ectopic ureteroceles
are described separately in the next chapter.

The presenting symptom is ordinarily continual dribbling incontinence despite
normal micturition, but urine may accumulate in a flaccid ectopic ureter so that
the child remains dry when recumbent, and in some there is a late onset of urinary
incontinence. If the urine is infected the complaint is often of discharge, usually
attributed to the vagina rather than to the urethra. The high ectopic ureters
which reflux but do not cause incontinence present as recurrent or persistent
pyuria, and a few ureters opening at the high level are obstructed so that the signs
are those of an abdominal mass due to hydronephrosis.

The diagnosis of low level ectopic ureter may occasionally be made from direct
observation of the ectopic opening. More often inspection reveals the vulva to be
wet, but the source of the urine is hard to detect. Intravenous injection of dye sub-
stances does not help since the renal element is unlikely to be capable of concen-
trating the dye. It is sometimes useful, however, to fill the bladder by catheter
with a coloured fluid and then apply a pad to the vulva: if the pad rapidly be-
comes wet with clear fluid it is evident that the leak does not occur from the
bladder.

Most diagnoses of ectopic ureters are made from intravenous urography,
although it must be recognised that in some the renal element from which the
ureter is derived is so small that it cannot be detected in this way, even though it
is capable of producing sufficient urine to cause incontinence (WIGGISHOFF and
Ki1ErFER, 1966). With the use of very high doses of contrast medium and tomo-
graphic examination the majority of ureters can be opacified, but in some the
diagnosis must still be made from the appearance of the lower pole of the kidney.
The normal contralateral kidney may provide a contrast, but ectopic ureter is
frequently bilateral or associated with some other form of contralateral dupli-
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cation. The general features by which the lower pole may be recognised when the
upper pole is non-opacified are as follows (Fig. 53-54, 65):

Fig. 53. Left ectopic ureter. Intravenous urogram (tomogram) in a girl with dribbling incon-
tinence. Duplex left kidney with faintly opacified upper pole: the lower pelvi-caliceal system
can be compared with the simplex right kidney

The calices are fewer in number than in the normal and the uppermost is
further from the upper limit of the renal outline than the lowest is from the lower
limit.

The calices of the kidney appear to be rotated downwards and outwards, the
drooping flower appearance, though this may be mimicked by an upper pole
tumour.

The upper calix is short, and although the cups of the calices may be directed
upwards or medially they are close to the pelvis and have no long infundibulum.
The whole pelvis may be mal-rotated.

The pelvis is displaced laterally away from the vertebral column and the ureter,
instead of running vertically downwards, forms with the pelvis a gentle curve
which gradually approaches the paravertebral region at the level of the 4th or 5th
lumbar vertebra.

The ureter, being adherent to an unseen dilated ureter, is not straight but ex-
hibits a series of scalloped curves.

These features are characteristic of a kidney bearing an ectopic ureter wherever
that ureter opens and whether or not it is complicated by ectopic ureterocele. The
site of the ectopic orifice may often be defined by a micturating cystogram be-
cause of reflux.

The treatment of ectopic ureter with duplication is almost always heminephrec-
tomy and ureterectomy; since the lower end of the ureter is not infrequently
dilated a complete excision down to the adventitia of the bladder should be under-
taken. The terminal 3-4 cm of an ectopic ureter is hard to remove and total ex-
cision is not usually necessary. If it is to be accomplished access by incision of the
trigone of the bladder may be more satisfactory than a purely extra-vesical



Unilateral Single Ectopic Ureter in the Female 139

approach. Re-implantation of the ipsilateral lower pole ureter is then required.
Moreover, since the unsuspected bilateral ectopic ureter is not at all uncommon
it should be obligatory in all cases to expose the lower end of the contralateral
ureter and exclude by careful inspection a possible duplication.

a b

Fig. 54a and b. Left ectopic ureter. a Intravenous urogram in a girl with dribbling incon-

tinence. The right kidney is duplex but both elements are normal. On the left there is a duplex

with a non-opacified upper element. The opacified renal pelvis is displaced outwards and

possesses only a small number of calices. The ureter is looped around the non-opacified dilated

ectopic ureter. b Retrograde ureterogram outlining the left ectopic ureter opening into the
lower urethra

For the stump of a very low ectopic ureter, which is filling by reflux (Fig. 55)
and therefore causing trouble after hemi-nephroureterectomy, a simple urethral
meatotomy cutting back into the urethral stump will often relieve the symptoms,
as in the operation of SPENCE for acquired urethral diverticulum in the female, but
excision by a vaginal approach is simple.

II. Unilateral Single Ectopic Ureter in the Female

The single ectopic ureter is uncommon in girls and presents some diagnostic
difficulties (JorNsTON, 1969): the kidney from which it is derived is almost always
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Fig. 55. Ectopic ureter stump. Cystogram in a girl previously treated by heminephro-ureter-
ectomy for urethral ectopic ureter. The small stump has resulted in recurrent infection

Fig. 56. Unilateral single ectopic ureter. Cystogram in a girl with dribbling incontinence:
an enormously dilated ureter is filled from the urethra. The corresponding renal element is
anomalous
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abnormal and frequently ectopic itself, and sometimes fused with its fellow (Fig.
56). It may be radiologically functionless and its presence is therefore difficult to
determine; the problem arises of the girl with the typical history of ectopic ureter
incontinence in whom there is no opacification on one side in the urogram, but in
whom no ureteric orifice can be recognised on that side at clinical, endoscopic or
urethrographic examination. Arteriography in these circumstances is seldom
helpful since the kidney is, in any case, small and may well be misplaced with an
unrecognisable vascular supply. In certain instances exploratory operation is the
correct approach and the exploration should begin in the lower abdomen, directed
first towards finding a ureter since the kidney itself may be remote from its usual
situation. Unilateral single ectopic ureters are sometimes associated with a weak-
ness of the bladder neck on the side of the lesion. This disorder is much more
pronounced in bilateral single ectopic ureters, as discussed in a later section.

III. Ectopic Ureter in the Male

Except in the case of ectopic ureterocele, considered in the next chapter, an
ectopic ureter in the male is much more likely to be a single ureter than associated
with a duplex system. The more remote the ectopic orifice from the normal
situation the more likely is the associated kidney to be dysplastic or ectopic.
WirLiams and RoYLE (1969) discuss a series of cases in which a few high level
ectopic ureters were associated with a duplication, and suffered from reflux and
infection of the ectopic system. Rather more had ectopic ureters with a ureterocele.
The remainder were single ectopic ureters opening into the urethra near the
verumontanum or into the genital tract. In two instances there was an extra-
vesical saccular dilatation of the terminal segment of an ectopic ureter ending
in the urethra; this dilated segment resembled an ectopic ureterocele in many
ways, except that it lay outside the bladder musculature, displacing and partially
obstructing the bladder neck (Fig. 57, 58). The ureters involving the genital tract
have been well reviewed by CENDRON and BoNHOMME (1968), and earlier a collected
series was published by Lucrus (1963). The ureter may enter the seminal vesicle
or the common ejaculatory duct, but it would probably be truer to regard the
ureter and vas as joining to share a terminal common duct, as in embryonic life.
This common duct may be relatively short and straight, but at other times it con-
sists of a tortuous mass of tubules and cysts palpable on rectal examination
(Fig. 58). The renal element in such cases is frequently aplastic and without func-
tion but reflux from the urethra into the vas produces epididymitis. In a child
with this complaint the diagnosis of ectopic ureter is suspected when the urogram
fails to opacify a kidney on one side, and it is often confirmed by a micturating
cystogram which outlines the common duct and may opacify the vas. At times the
urine within the vas is likely to cause it to dilate to form a tube closely similar to
a ureter, and easily mistaken for it at the time of operation (Fig. 99). In one of the
author’s cases the testicle associated with such an anatomy exhibited a hamarto-
matous mass in the rete testis.

Treatment will consist of nephro-ureterectomy with excision of the common
duct. It is essential that the vas is interrupted to prevent further attacks of
epididymitis as a result of refluxed urine.
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Fig. 57. Unilateral single ectopic ureter in the male. Micturating cystogram in a boy with
recurrent urinary infection showing reflux into left ectopic ureter with grossly dilated terminal
extravesical segment

Fig. 58a and b. Diagrams to show the types of male ectopic ureters. a The ureter from a
dysplastic kidney joins the vas in a tortuous tubular mass behind the bladder and urethra.
b The ureter ends in a terminal dilated segment which displaces the bladder neck
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IV. Bilateral Single Ectopic Ureters

In severe examples of this disorder not only does no ureter enter the bladder
in a normal situation but the bladder neck itself is never properly formed (Fig. 59).
This failure of development of the bladder neck can be explained embryologically,
since ordinarily it is the section of the urogenital sinus between the orifices of the

Fig. 59a and b. Diagram to show the form of the bladder neck in ectopic ureters in girls.
a With duplication: the bladder neck is normal. b With bilateral single ectopic ureters: the
bladder neck is absent

ureter and the Wolffian duct which develops the musculature of the bladder neck.
If both ureters have remained in the position of the Wolffian duct orifice this
section of the urogenital sinus is not represented and the appropriate muscle con-
depsation does not occur (Fig. 60) (Cox and HurcH, 1966; WirriaMs and LicHT-
wooD, 1972). Anatomically the ureters in the male open immediately above the
verumontanum, or occasionally join the genital tract. In the commoner female
cases they are characteristically just inside the external meatus. Milder anomalies
will be found in which there is some length of female urethra, but there are also
more severe ones in which the bladder is not completely formed so that the
ureters open directly into the vagina (PALMER and Russ, 1970). The kidneys are
grossly abnormal, either hydronephrotic or dysplastic; the ureters are dilated and
the bladder of small capacity; the bladder neck is not perceptible as a ring and the
complaint is of dribbling incontinence. In the male the urine is to some extent
retained within the bladder because of the resistance of the distal urethra, but
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the bladder neck is again absent and reflux into the ureters is common (Fig.
61).

The incontinence which occurs in bilateral single ectopic ureter has more in
common with epispadias than with the forms of disease previously discussed in
this chapter. The essential defect is the short urethra and incompetent bladder
neck, while in addition the bladder capacity is likely to be reduced. Renal and
ureteric anomalies are more common than in epispadias and complicate the treat-

Fig. 60a—c. Diagram to show embryological development of the ureter and Wolffian duct.
a Shows the normal development. 1) The ureteric bud is seen arising from the elbow on the
Wolffian duct a short distance from its entrance into the urogenital sinus. In ii) this terminal
segment is being taken up in the wall of the urogenital sinus and in iii) it has disappeared,
and at the same time the Wolffian duct is moving distally away from the ureteric orifice.
In iv) the Wolffian duct and ureter have taken up their definitive position and in the gap
between the two the bladder neck is formed. b Development of an ectopic ureter with ureteric
duplication. i) shows the formation of accessory ureteric bud, cranial to the normal situation.
In ii) we see the situation after the terminal segment of the Wolffian duct has been taken
up into the wall of the urogenital sinus. iii), the Wolffian duct has now moved caudally,
carrying with it the accessory ureteric bud; the normal ureter is opening separately. In iv)
the definitive situation of a male ectopic ureter opening into the posterior urethra, with the
bladder neck formed between this and the normally placed urethra. ¢ Development in the
bilateral single ectopic ureter. i) shows the formation of a single ureteric bud cranial to its
normal situation. In ii) the terminal segment of the Wolffian duct has been taken up but the
ureter still remains connected to the Wolffian duct because of its abnormally cranial situa-
tion. iii), the Wolfian duct has moved distally but the ureter still joins with it at its opening.
iv), the definitive situation of a single ectopic ureter. There is no gap between the Wolffian
duct orifice and the ureter and therefore no bladder neck is formed
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Fig. 61. Bilateral single ectopic ureter in the male. Intravenous urogram in a boy with drib-
bling incontinence. The kidneys are anomalous, the ureters dilated and open below the bladder
neck

ment, so that in some girls urinary diversion is the only appropriate therapy. Re-
constructive procedures may be attempted by re-implanting the ureters at a
higher level and reconstructing the bladder neck in the manner of the Young-
Dees operation. The results of this procedure have been satisfactory in some boys,
but in very few girls. There are, of course, minor examples of the anomaly in which
the two ectopic ureters open at the bladder neck,in which, therefore, some muscular
activity in that region is preserved. These children have a better prognosis in
regard to continence.

V. Ectopic Ureter with Triplication

A third ureter from one kidney is a very rare finding and is often associated
with gross abnormalities. A partial triplication with an ectopic ureter was illus-
trated in the original volume of this series and the subject has recently been re-
viewed by PARKER et al. (1970).
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I. Orthotopic Ureterocele

The terms ‘‘orthotopic” and “‘ectopic’ here relate to the position of the orifice
of the ureter upon which the ureterocele is formed. In the orthotopic variety the
opening is well within the bladder, although lifted from its strictly normal position;
in the ectopic variety it is at the bladder neck or in the urethra. In the case of the
single orthotopic ureterocele the distinction is obvious enough and the anomaly
familiar in adult practice, but where a double ureter is present there is often some
confusion. The ureterocele is always formed upon the upper pole ureter and the
lower pole ureter opens above it, as in the commoner ectopic cases, but the distinc-
tion between the two is important and it is not always recognised: several reports
of good results following the conservative treatment of ectopic ureterocele give
illustrations showing that the orthotopic variety was present, for which the prog-
nosis is always better.

The single orthotopic ureterocele is a relatively uncommon cause of symptoms
in childhood. The terminal cystic dilatation of the ureter lies entirely within the
bladder cavity; it consists of an attenuated ureteric wall covered by vesical mu-
cosa with adventitia and a few blood vessels intervening. There is a relative con-
striction as the ureter passes through the detrusor layer and above it a variable
dilatation, greatest in the lower ureteric segment. The ureterocele fills and collapses
according to the pressure produced by ureteric peristalsis and the pressure within
the bladder. In some cases the obstructive element is minimal and treatment is not
required; in others there is stasis leading to infection and often stone formation; in
others again severe hydronephrosis. The cystoscopic appearance is well known:
radiologically there is a terminal ureteric dilatation surrounded by a translucent
halo within the bladder shadow, or if the renal function is poor and the ureter is
not opacified, a complete spherical filling defect in the bladder.

Where treatment is required at all during childhood it should be operative.
Endoscopic resection, so often appropriate for adults, is seldom sufficient since in
the child the substitution of reflux for mild obstruction is disadvantageous. The
recommended operation is excision of the ureterocele and re-implantation of the
ureter. This is most easily performed through the bladder by a procedure akin to
the Leadbetter-Politano method of reflux prevention. A circumferential incision
is made through the mucosa of the bladder towards the base of the ureterocele ; the
plane between the vesical mucosa and the ureter is developed, and at the upper
end the ureter can be isolated, mobilised and pulled up into the bladder (Hurcu
and CHisHOLM, 1966). The dilated segment of the ureter will then shell out leaving
a bare area on the bladder base. The dilated segment is excised and the proximal
cut end of the ureter advanced to be sutured at the lower end of this area; the
vesical mucosa is closed over it to produce a valvular uretero-vesical junction.
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Occasionally this operation must be modified to allow re-modelling of a greatly dilat-
ed ureter and the rare severe examples are best treated by nephro-ureterectomy.

In orthotopic ureterocele with double ureter the anatomy is essentially similar
(Fig. 62). The terminal dilatation lies clear of the bladder neck and is entirely
within the detrusor layer so that radiologically it shows as a spherical filling defect
completely within the bladder shadow (Fig. 63). The lower pole ureteric orifice

Fig. 62. Diagram to show the anatomy of an orthotopic ureterocele with ureteric duplication

Fig. 63. Orthotopic ureterocele with duplication. Intravenous urogram in a girl with recurrent
infection. Bilateral duplication, ureterocele on left upper pole ureter outlined within the
bladder by translucent halo
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may be drawn up on to the slopes of the ureterocele or it may be above it, where it
is not infrequently involved in a para-ureteric saccule. The combination cof saccule
and ureterocele sometimes gives the impression that the ureterocele is capable of
inversion to form the saccule, though this is an uncommon event. The lower pole
ureter may be obstructed by the distortion of its lower end, but more usually it
refluxes. Thus the upper pole of the kidney may show signs of obstruction due to
ureterocele, the lower pole the signs of pyelonephritic contraction associated with
reflux. It should be emphasised that in the orthotopic ureterocele with duplication
the upper pole usually functions sufficiently well to produce good pyelographic
opacification and even when damaged by obstruction and infection it is ordinarily
capable of some recovery. This is the important distinction from the ectopic
variety in which dysplasia and severe functional depression of the upper pole are
the rule.

Operative treatment should therefore be conservative as in the single ureter
cases: the ureterocele is excised, both ureters are pulled up into the bladder and
together advanced medially and downward to provide a valvular submucosal
segment for each. A saccule can be excised at the same time with repair of the
large hiatus in the detrusor.

II. Ectopic Ureterocele

Ectopic ureterocele is one of the most important of the urinary tract anomalies
requiring treatment in childhood, and it is surprising in view of the frequency with
which it is encountered that there was so little reference to it in the literature be-
fore the monograph by Ericsson (1954). It can present in a wide variety of guises:
the children often have recurrent or persistent urinary infection but in some the
complaint is a large abdominal swelling, in some difficult micturition, in some
acute retention, in some incontinence and in some girls a genital deformity. The
standard anatomy of the ectopic ureterocele (Fig. 64) is well known and was fully
described in the original volume, but improvements in the radiological diagnosis
and better appreciation of the variations and complications of the anomaly demand
a full discussion.

1. Sex and Side

The disorder is commoner in girls in a ratio of 7 cases to one in the author’s
series. Either side may be affected and bilateral disease occurs in about 10 per
cent. Contralateral duplication without ureterocele is also common, as is obstruc-
tive mega-ureter without duplication.

2. The Upper Urinary Tract

In the great majority of cases the ectopic ureter drains the upper pole of a
duplex kidney. Occasionally, particularly in the male, the ectopic ureter is solitary
but in either case the renal element which it drains is dysplastic; it is sometimes
small and without function, sometimes severely hydronephrotic. Where there is a
duplex system the upper pole of the duplex is always more severely damaged than
the lower pole. The upper will occasionally concentrate the opaque medium suffi-
ciently to define the calices, pelvis and ureter and the higher the dose of contrast
medium and the more prolonged the examination the more likely it is to be seen.
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Where no opacification of the upper pelvis occurs, however, the anatomical features
of the lower pelvis and calices are usually diagnostic, as described in the previous
chapter. Occasionally the upper pole ureter is so enormously dilated as to present
a large palpable mass in the abdomen and radiologically it not only displaces the
lower pole but impinges upon the bladder.

The lower pole of the kidney may be normal, but it is not infrequently pyelon-
ephritic in association with reflux, or hydronephrotic because of obstruction and
may be damaged to the point of non-function. The contralateral ureter may be

a Classical ectopic ureterocele. The classical form. b Ectopic ureterocele variant. Small variant.

¢ Ectopic ureterocele variant. Variant with retro-urethral sacculation.

Fig. 64a-c. Diagram to show anatomy of ectopic ureterocele: the classicalzform and variants.
[Reproduced from Brit. J. Urol. 44, 417433 (1972), Fig. 5, p. 420]
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similarly affected. These changes are usually the consequences of the ureterocele,
but they may be due to intrinsic ureteric disorders.

3. Size and Position

The classical anatomy and variants are shown in Fig. 64. The ureterocele may
be a simple spherical sac (Fig. 65), but it is sometimes a coiled dilated tube which can
give it a loculated appearance in the cystogram, which might be mistaken for bi-
lateral disease or even tumour. Cystographically the filling defect due to an ectopic
ureterocele is always based on the bladder outline in any horizontal projection and
never appears as does the orthotopic ureterocele as a complete circle within the
bladder shadow. The size of the filling defect varies considerably, a few are so small
that they produce only an inconspicuous crescentic bite out of the bladder neck
outline (Fig. 66) and these are apt to be overlooked when attention is concen-
trated upon other pathology, particularly reflux into the ipsilateral lower pole
renal pelvis. Occasionally the ectopic ureter exhibits not only the ureterocele

Fig. 65 Fig. 66

Fig. 65. Ectopic ureterocele. Intravenous urogram in a girl with recurrent infection. Left
duplex kidney with non-opacified upper pole, displaced lower pole. A large ureterocele filling
defect in the bladder. [Reproduced from Brit. J. Urol. 44, 417-433 (1972), Fig. 4, p. 419]

Fig. 66. Left ectopic ureterocele with lower pole reflux. Micturating cystogram in a girl with
recurrent infection showing reflux into left lower pole ureter and deformity of bladder neck
consequent upon small ectopic ureterocele
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within the bladder but a second retro-urethral dilated sac stretching out and par-
tially obstructing the supramontanal segment in the male (Fig. 67), or the entire
urethra in the female. This type is described by STEPHENS (1971) as a caeco-
ureterocele. This form of ureterocele is the only one in which reflux sometimes
occurs into the intact ectopic ureter, a fact which makes its cystographic diagnosis
easier. In other instances it must be surmised from the urethral deformity or the
clinical appearance in the female of a pseudo-prolapse alongside the external
urethral meatus.

a b

Fig. 67a and b. Ectopic ureterocele in the male with retro-urethral dilated terminal segment.

a Cystogram showing the filling defect of the ureterocele in the bladder. b Micturating film

showing elongation of the supramontanal urethra. [Reproduced from Brit. J. Urol. 44, 417-433
(1972), Fig. 8. p. 423]

4. Tension and Compressibility

The degree to which the ectopic ureterocele changes in size during the act of
micturition varies greatly from one case to another depending upon its com-
pressibility and this can be observed in good micturating cystograms with a diluted
opaque medium, and lateral views. The tension within the ureterocele depends
upon the severity of obstruction at the ureteric orifice: if the obstruction is vir-
tually complete it is likely that the ureteric contents will be under high pressure
whatever the function of the associated renal element. A few of the infantile cases
have a completely sealed off orifice and contain sterile aqueous fluid much more
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dilute than normal urine. In other cases tension will be increased during infection
with obstructive oedema at the orifice. The tense ureterocele remains approximately
the same size during micturition (Fig. 68) and the filling defect which it produces
in the cystogram has a nearly circular outline. By contrast, where the ectopic
orifice is wide and the contents of the ureter held at low pressure, the ureterocele
is compressed during micturition and its contents empty back up into the ureter
or down into the urethra (Fig. 69).

In the case of the tense ureterocele an ipsilateral lower pole ureter is drawn up
on to its surface; this gives it a long submucous course which is pressed against the
ureterocele during micturition and it is therefore valvular. It does not allow reflux

Fig. 68. Diagram of tense ureterocele. The ureteric orifice is narrow, the pressure within the

ureterocele is high, so that it does not alter in size during micturition. The ipsilateral lower

pole orifice is drawn up on to its surface; it remains in the same position with a long sub-mucous

course during micturition and does not allow reflux, although it may be obstructed. [Repro-
duced from Brit. J. Urol. 44, 417-433 (1972), Fig. 9, p. 424]

Fig. 69. Diagram of compressible ureterocele. The ureteric orifice is wide, or the ureter flaceid:

the pressure within the ureterocele is low and it therefore collapses during micturition. The

ipsilateral lower pole ureter is not supported and allows reflux. [Reproduced from Brit. J.
Urol. 44, 417-433 (1972), Fig. 11, p. 425]
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and the lower renal pelvis may be normal or hydronephrotic (Fig. 70). With a
compressible ureterocele during micturition the ipsilateral lower pole ureter is not
stretched up, it has a lax support and no valvular action. Reflux is therefore
likely (Fig. 71). If infection has been present, pyelonephritic scarring will then
accompany reflux in the lower pole of the kidney. Wirriams, Ray and LitLey
(1972) have shown a statistical correlation between the compressibility of the
ureterocele and the presence of reflux.

Fig. 70a and b. Tense ectopic uret-
erocele with urethral prolapse.

a intravenous urogram in a girl
with persistent infection. Very poor
function in the right duplex kid-
ney, hydronephrosis in the left
duplex kidney. Filling defect in the
bladder due to large tense uretero-
cele on right upper pole ureter.

b Micturating cystogram: the fill-
ing defect of the ureterocele is un-
changed in size but it is partly dis-
placed downwards into the urethra.
(Vagina also filled). [Reproduced
from Brit. J. Urol. 44, 417-433
(1972), Fig. 18, p. 431]
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Fig. 71a and b. Compressible uret-
erocele. a Micturating cystogram
in a boy with persistent infection.
b Explanatory diagram. The flac-
cid collapsed ureterocele is repre-
sented by the irregular filling defect
at the base of the bladder. The
opacity behind it is the ipsilateral
lower pole ureter filled by reflux.
[Reproduced from Brit.J. Urol. 44,
417-433 (1972), Fig. 13, p. 426]

5. Detrusor Backing

In some cases the ectopic ureterocele, like the orthotopic one, is entirely within
the bladder and has a normal sheet of detrusor muscle behind it. In others the
detrusor coat is poor posteriorly and in a few it may even be absent (Fig. 72), this
condition is defined as “poor backing” and there is, of course, a gradation be-
tween ectopic ureteroceles with good backing and those with poor backing. Indeed,
there is further gradation to cases of ectopic ureter with a dilated segment lying
entirely outside the detrusor coat. During micturition cystography those with
poor backing may be demonstrably displaced outwards as shown by the position
of the “circumferential sulcus”. This term is applied to the gutter formed where
the mucous membrane of the bladder is reflected on to the ureterocele (Fig. 73).
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Fig. 72a-d. Diagram to show ureterocele with weak detrusor backing. a Bladder at rest.

b During micturition. A tense ureterocele is displaced posteriorly to bulge out of the bladder

wall. ¢ After a simple uncapping operation with the bladder at rest. d The same during

micturition: the bulging bladder wall throws up an obstructive distal lip. [Reproduced from
Brit. J. Urol. 44, 417-433 (1972), Fig. 15, p. 428]

As the bladder contracts the opaque medium in the fundus has a crenellated out-
line corresponding to the trabeculation of the bladder wall, but in the bladder base
the ureterocele remains smooth with only a thin layer of opaque medium around
it. This layer opacifying the circumferential sulcus may appear within the general
outline of the bladder if the detrusor backing is good, or may be displaced widely
outside the expected outline if the backing is poor (Fig. 74). The nature of the
backing determines the choice of operation: the ureterocele with good backing
may be uncapped within the bladder leaving a smooth wall which is well supported.
Post-operatively cystograms will then show no deformity of the normal vesical
outline. However, in the case of a ureterocele with poor backing simple uncapping
will leave a weak area in the trigone forming a broad based bulge at rest but which
blows out considerably on micturition throwing up a distal obstructive lip at the
bladder neck or urethra. This lip cannot be permanently removed by endoscopic
resection since the presence of the blow-out will cause the lip to reform. In these
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cases complete excision of the entire circumference of the terminal ureter, together
with adjacent bladder wall, and reconstruction of the detrusor coat is the proper
treatment even though this is a much more considerable operation.

Fig. 73. Ectopic ureterocele showing circumferential sulcus. Lateral cystogram showing filling
defect of ureterocele with a shelf of opaque medium above it. [Reproduced from Brit. J. Urol.
44, 417-433 (1972), Fig. 6, p. 421]

6. Prolapsing Ureterocele

The majority of ectopic ureteroceles end at or slightly below the bladder neck
and do not alter their position significantly during micturition, although they may
be tense or compressible. Some, however, prolapse into the urethra either chroni-
cally or intermittently (Fig. 75). In girls the prolapsed portion will appear at the
external urinary meatus and the diagnosis can be made clinically, but the cysto-
gram may be misleading since the filling defect is not present in the bladder itself
but in the urethra. In the male the ureterocele cannot prolapse beyond the mem-
branous urethra, but a partial prolapse will produce a cone shaped dilatation of the
posterior urethra which it is important to distinguish from obstruction due to
stricture, particularly as in some cases where the opaque medium used for cysto-
graphy is so dense that the filling defect of the ureterocele is not seen. Prolapse is
naturally associated with obstruction, but if repeated prolapse occurs necrosis may
supervene leading to spontaneous rupture.

7. Bladder Outflow Obstruction

The obstructive effect of a ureterocele varies from case to case and precise
factors are not always apparent. A very large ureterocele may permit normal
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b

Fig. 74a and b. Ectopic ureterocele with poor detrusor backing. a Cystogram showing the
contracted bladder with reflux into the right lower pole ureter. The filling defect of the uretero-
cele and the circumferential sulcus are displaced far out from the normal bladder outline.
b Explanatory diagram. [Reproduced from Brit. J. Urol. 44, 417-433 (1972), Fig. 17, p. 430]
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bladder emptying while a small one may be obstructive. In girls ectopic ureterocele
is the commonest congenital intrinsic defect producing severe obstruction in early
infancy, but the degree of detrusor hypertrophy is greatest in the obstructed male
cases (Fig. 76), particularly where prolapse occurs into the posterior urethra. In
these cases not only the ectopic ureter is dilated but severe changes occur in the
ipsilateral lower pole and in the contralateral ureter comparable to those seen in
urethral valves and as likely to persist after the removal of the primary obstruc-
tive factor. Some of the most severe examples of upper tract dilatation are seen in
children with ruptured ureteroceles. Presumably this dilatation has been estab-
lished before the rupture occurred, though sometimes spontaneous rupture will
leave an obstructive distal lip.

Fig. 75 Fig. 76

Fig. 75. Diagram to show prolapse of ectopic ureterocele. [Reproduced from Brit. J. Urol. 44,
417-433 (1972), Fig. 18, p. 431)

Fig. 76. Ectopic ureterocele causing severe bladder outflow obstruction. Cystogram in a boy
with urinary retention showing filling defect of ureterocele and extreme hypertrophy of bladder
wall with sacculation

8. Ruptured Ureterocele

Rupture may follow simple instrumentation or may occur spontaneously,
particularly in the prolapsed ureterocele. It is important to recognise the radio-
logical appearance of the ruptured ureterocele: there is an irregular cavity lying
just outside the outline of the bladder with a free edge forming an irregular filling
defect within the bladder shadow. Characteristically on micturition reflux occurs
both into the ectopic ureter and into the unsupported ureter of the ipsilateral lower
pole (Fig. 77-79). Where the opening of the ectopic ureter is low down in the female
urethra and rupture has occurred there may be a further complication due to the
formation of a double channel, and consequently incontinence occurs as the urine
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from the bladder can escape through the distal end of the ureter uncontrolled by
bladder neck musculature. This can be demonstrated endoscopically or by very
careful radiological technique. The septum between the urethra and the ureter is
often paper thin and is therefore difficult to demonstrate. Recognition of the dis-
order is important, however, since it demands a radical removal of the ectopic
ureter channel together with reconstruction of the posterior wall of the urethra.

Fig. 77 Fig. 78

Fig. 77. Diagram to show ruptured ectopic ureterocele with reflux into both upper and lower
pole ureters. [Reproduced from Brit. J. Urol. 44, 417-433 (1972), Fig. 21, p. 432]

Fig. 78. Ruptured ureterocele. Lateral cystogram in a girl with recurrent infection showing
reflux and the filling defect of the free edge of the ruptured ureterocele in the base of the
bladder. [Reproduced from Brit. J. Urol. 44, 417433 (1972), Fig. 22, p. 432]

9. Treatment

In general the treatment for ectopic ureterocele is heminephrectomy, ureterec-
tomy, excision or uncapping of the ureterocele and often implanting of the ipsi-
lateral lower pole ureter. Operative techniques have recently been discussed by
JoHNSTON and JoHwsoN (1969); HENDREN and Moxrort (1971); TawacHO
(1972); MALEK et al. (1972). Upper pole heminephrectomy is a standard procedure
which requires no special comment here, save to remark that where the upper pole
ureter is grossly dilated the vessels to the lower pole are often severely stretched
and very great care must be taken to preserve them, and subsequently to protect
them from being pulled or distorted by performing a nephropexy. The older and
widely practised method of ureterectomy, removing the ectopic ureter down to the
point at which it enters the adventitia of the bladder with simple uncapping of the
ureterocele within the bladder, can work well, particularly as already stated where
the ureterocele is small, the backing firm and no reflux occurs into the lower pole
ureter. With uncapping it is important to remove all the upstanding edge, parti-
cularly down in the posterior urethra, as otherwise it may form a valvular fold
which can be more obstructive than the original condition. Uncapping may be
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Fig. 79. Ruptured ectopic ureterocele. Cystogram in a boy with severe bilateral hydro-

nephrosis showing reflux into the dilated left ureters and the irregular cavity outside the

bladder outline characteristic of ruptured ectopic ureterocele. [Reproduced from. Brit. J. Urol.
44, 417-433 (1972), Fig. 23, p. 433]

combined with an advancement type of re-implantation of the lower pole ureter if
reflux is present, or if the lower ends of the two ureters are so closely bound
together that complete excision of the ectopic one leaves the other non-viable at its
extremity. However a complete excision of the ureterocele may be preferable in
these circumstances and is essential if the detrusor backing is poor. This excision
requires a complete extra-vesical mobilisation of both ureters and then an intra-
vesical approach similar to, though more extensive than, that already described
for orthotopic ureterocele. A circumferential incision through the vesical mucosa is
made on the slopes of the ureterocele including within it the lower pole ureteric
orifice. At the upper end the ureters are freed from the bladder muscle and drawn
up into the bladder. The lower pole ureter is cut across at a suitable level for re-
implantation, the ectopic ureter is dissected free down to its opening in the urethra.
Sometimes this dissection is easy as in the orthotopic ureterocele, sometimes it is
difficult at the lower end where the ureter becomes closely adherent to the prosta-
tic tissue or to the vagina. Once the ectopic ureter has been removed the bladder
wall is repaired, bringing together a muscle layer from either side to form a firm
trigone. The mucosal cover is then completed with an advancement re-implanta-
tion of the lower pole ureter.

In some cases, particularly if the ureter opens very low down in the urethra as
in the double channel type of incontinence, a purely intra-vesical approach to the
distal extremity will not suffice and the plane behind the bladder must be fully
opened up (WiLLiaMS and WooDARD, 1964). For this purpose the bladder should
first be fully mobilised anteriorly and laterally so that it can be pulled up out of the
pelvis; the plane between the bladder and vagina is then entered from above,
through the peritoneum and in the mid-line. Development of this plane then pro-
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ceeds downwards quite easily and firm upward retraction of the bladder exposes
the posterior urethral wall with its included ectopic ureter. The ureter is excised
completely and the urethra reconstructed around a catheter. There is no fear of
producing permanent incontinence if the dissection is kept strictly to the posterior
mid-line. This approach is easiest in the small child: adolescents and adults may be
better tackled from below.

In the ordinary case of a fit child with a controlled infection the whole operative
procedure can be undertaken in one session, often combined with re-implantation
of the contralateral ureter. In some the procedure is simplified by the fact that the
function of the lower pole of the kidney is so far depressed that complete nephro-
ureterectomy is better, as well as easier, than hemi-nephrectomy. Nevertheless
in the very young and the very sick some staging or preliminary drainage may be
necessary, but satisfactory temporary drainage is not always easy to obtain
without prejudicing the ultimate operation. For the pyonephrosis situation ne-
phrostomies may be performed as an emergency measure, but it is vital that both
poles of the kidney are drained and subsequent heminephrectomy will be rendered
more difficult by the preliminary operation. A simple uncapping of the ureterocele
in the bladder will, of course, relieve retention and will decompress the obstructed
ipsilateral lower pole and contralateral ureters but will leave massive reflux into
the ectopic ureter. A complete excision and reconstruction of the ureterocele area
may be too much to perform in the severely infected infant, but it is usually
feasible to supplement the uncapping by a low transection of the ectopic
ureter, which can be mobilised and brought out in the flank as a temporary cuta-
neous ureterostomy. Even this will require catheter drainage and irrigation, how-
ever, for the dilated and dysplastic upper pole has no power to empty itself.
Heminephrectomy and ureterectomy can then follow as soon as the child’s con-
dition permits and a follow-up study will show whether at a later stage complete
excision of the posterior wall of the ureterocele together with re-implantation of the
lower pole ureter is required.
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I. Introduction

The need for elimination of obstruction in the urinary tract is so well accepted
a principle of urology and surgical procedures for individual obstructions so fami-
liar that it is a matter of surprise that the fundamental nature of the damage to the
urinary tract and kidney consequent upon obstruction is not fully understood.
Superficially it is abundantly clear that an obstructive lesion produces dilatation
of the urinary tract above the obstruction, an increase of pressure within the
kidney and an impairment of renal function which is, in the early stages, reco-
verable. Yet none of these features can be accepted without comment. The pre-
sence of dilatation does not necessarily indicate obstruction; the pressure within
the apparently obstructed kidney is not always high; the pathology of temporary
and permanent renal impairment is still a matter of investigation. Each of these
aspects requires discussion from the clinical and experimental point of view, and
this chapter is concerned with the upper tract disorder. The criteria for the
diagnosis of bladder outflow obstruction are discussed in Chapter O.

IL. Urinary Tract Dilatation

Dilatation of the ureter may be due to obstruction, maldevelopment, infec-
tion, polyuria or reflux, and more than one factor may be operative in any indi-
vidual case. Urinary obstruction is unquestionably the most serious cause of
dilatation, but the form which that dilatation takes depends upon the nature of the
obstruction and the age of onset. Many infants are born with grossly dilated
urinary tracts, particularly in the case of urethral valves or other major obstruc-
tions to bladder outflow, and it is apparent that the foetal urinary flow is sufficient
to cause this dilatation when obstructed. There may, however, be other factors
involved, as in the prune belly syndrome, where very gross dilatation appears to
be at least partly due to a defect in the muscular wall of the ureters and bladder.
The characteristic of the foetal dilatation is that the ureter is enormously widened
and tortuous while the renal pelvis remains relatively small. The later in life that
obstruction occurs, the less will be the consequent dilatation of the ureters, and
this is doubtless related to the increase in the population of elastic and muscular
fibres as recorded by CUssex (1967). In many of the milder congenital obstruc-
tions the dilatation is progressive, and it is not always clear whether this is due to
increasing obstruction, to increasing urine flow or to other factors. In the urethral
valve cases there may well be an acute dilatation occurring in the first week of life,
perhaps due to the sudden increase of urine flow after birth. In the neuropathic



Urinary Tract Dilatation 163

Fig. 80. Nephrogenic diabetes insipidus. Intravenous urogram in a boy with familial disease.
Very considerable polyuria but no identifiable urinary obstruction

bladder very few children have gross dilatation at birth; it commonly develops
during the first two years of life, partly on the basis of obstruction, partly perhaps
associated with infection and reflux.

It has been demonstrated by TEAGUE and Boyvarsky (1968) that bacterial
toxins are capable of paralysing ureteric muscle, and there is little doubt that the
presence of infection within the urinary tract can contribute to ureteric dilatation.
It is seldom possible to define a case in which infection alone is responsible for
dilatation, though the moderate changes seen without reflux and without apparent
obstruction in the chronically infected calculous disease of the renal pelvis might
be an example (Fig. 176).

Increased urine flow is well known to be responsible for modest dilatation, a
fact easily demonstrable in high dose pyelograms. It has often been observed that
in states of obligatory polyuria ureteric dilatation is common, but the cause of the
polyuria in such instances may well be due to the renal disease consequent upon
urinary tract pathology. Maxsox et al. (1970) investigated cases of pituitary and
nephrogenic diabetes insipidus and found that the urinary tract was dilated in 8
out of 37 cases, but that in only one of the 8 could dilatation not be attributed to
some cause other than polyuria. Nevertheless it is our impression that very severe
polyuria can contribute to dilatation, particularly in early childhood (Fig. 80), and
a “flow uropathy” has been described by TEN BENSEL and PETERS (1970) in
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nephrogenic diabetes insipidus. Similar findings have occurred in juvenile nephro-
nophthisis (GiBSON and ARNEIL, 1972) and Bartter’s syndrome (CANNON et al.,
1968). In a curious group of cases reviewed by RoSE et al. (1966) juvenile diabetes
mellitus is associated with diabetes insipidus and optic atrophy. Some of these
girls have exhibited a very severe dilatation of the entire urinary tract, perhaps
due to the polyuria or perhaps to neuropathic dysfunction.

The dilatation associated with reflux is discussed in Chapter J. It is charac-
teristically variable with changes in intravesical pressure, so that with the empty
bladder the ureter appears flaccid and sometimes exhibits longitudinal striation;
during bladder contraction it is wide, smooth and often actively contractile. That
reflux from a normal bladder causes some dilatation can scarcely be doubted, but
it will be seen that in sterile cases it is very seldom progressive.

It is clear, therefore, that radiological observation of upper tract dilatation
cannot be taken as conclusive evidence of obstruction. Nevertheless, the indica-
tions for surgery, particularly in children with multiple anomalies, and in post-
operative cases, depend very largely upon the presence or absence of an obstruc-
tive factor so that further investigations are often desirable.

ITI. Pressure Studies

Since the pioneer work of K11L (1957) many investigators have followed ureteric
and pelvic pressure recordings in various circumstances. The experimental work
on dogs by BACKLUND and REUTERSKIOLD (1969) and by STRUTHERS (1969) may
be cited as examples. The intra-ureteric pressure depends both upon the renal
secretory pressure and upon the ureteric muscular activity. When the ureter is
acutely obstructed the basal pressure rises, the contractions are more frequent, but
the wave amplitude rises only slightly until with complete ureteric distension a
high basal pressure is no longer interrupted by any contraction waves. Similar,
although much less severe changes, may be seen in the intact ureter by inducing a
diuresis or by raising the bladder pressure. In the chronically obstructed ureter,
which is dilated with hypertrophied muscle, the resting basal pressure may be nor-
mal or only a little above it: diuresis induces a considerable rise and contraction
waves soon disappear, but electromyographic recording confirms the visual obser-
vation that muscular contractions are still occurring, though they fail to raise the
intra-ureteric pressure.

In the clinical situation KL (1951) found that the pressure in many hydrone-
phroses did not exceed normal levels, but STRUTHERS (1969) and others have de-
monstrated that this observation is partly the result of pre-operative dehydration
and of the anti-diuretic effect of anaesthesia. With forced diuresis pressure rises
may be observed in the hydronephrotic kidney. The changes are most easily de-
monstrable by infusing fluids at relatively high rates, e.g. 10 ml/minute (WaIT-
AKER, 1973), either through a percutaneous nephrostomy needle or at open opera-
tion. The ability of the normal ureter to transport this flow is easily contrasted
with the inability, with consequent rise in pressure, of the obstructed one. WaIT-
AKER has used this method to differentiate dilated obstructive from dilated non-
obstructive ureters, particularly in post-operative cases when dilatation persists
after removal of urethral obstruction or after reimplantation of the ureter. As
pointed out in Chapter N, some mega-ureters appear to be progressive, producing
renal changes, others stable with well cupped calices. BACKLUND and REUTERS-
KIOLD (1969b) investigating wide non-refluxing ureters found many in which there
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was no obstruction, as evidenced by pressure rises on perfusion. They comment
that despite their large width the ureters retain a capacity for contraction, but
that since the lumen is not completely obliterated the peristalsis is not bolus-pro-
pelling as in the normal ureter, but allows regurgitation of urine into the upper
ureter. The deficiency in bolus-propelling ability could be compensated by the
renal secretory pressure if the kidney were adequate, so that a normal urine flow
might be maintained. They conclude that the decision as to whether a ureter
should be re-implanted must be taken on the basis of obstruction as demonstrated
by pressure changes. However, it is also clear that re-modelling of such a dilated
contracting ureter may enable the contractions to become more effective, so that
even in the non-obstructed situation surgery may be justifiable. It has also become
clear from many studies that the intravesical pressure must be taken into account in
the wide non-obstructed ureters, and further research into this aspect is required.

It may be concluded from the pressure investigations that in chronic obstruc-
tion intrapelvic and intra-ureteric pressures are raised, although perhaps only
intermittently and during periods of high urine flow ; further that ureteric dilatation
does not necessarily indicate increased ureteric pressure and that in some clinical
situations pressure measurements may be an important factor in deciding upon
the need for surgery.

IV. Renal Morphology

Marz, CrAVEN and Hopsox (1969) have reported changes in the pig’s kidney
following complete experimental obstruction of the ureter. Changes in the renal
substance are primarily due to the direct pressure effect on and within the papillae.
There is extensive tubular rupture, disintegration and atrophy. Initial cortical
changes are secondary in the papillae and consist predominantly of tubular
atrophy. Compression of the pelvic renal vein branches may be a contributory
factor to further tubular damage, but there is no evidence of a major ischaemic
effect; when the ureteric obstruction is relieved and a period allowed for repair,
the kidney is contracted with some surface scarring but without evidence of
chronic pyelonephritis, and histological appearances show reconstruction of the
cortex with disappearance of some nephrons and minimal fibrosis. Hopsox (1967)
correlates these experimental findings with clinical and radiological observations,
showing that during acute ureteric obstruction there is a progressive loss of renal
parenchyma, most clearly demonstrated by the contraction of the kidney after the
obstruction has been relieved. However, the process of tubular destruction and
disappearance has progressed steadily during the period of obstruction. These
radiological findings are illustrated in Fig. 81.

In most childhood obstructions the lesion is congenital and of longstanding, so
that the kidney is enlarged and hydronephrotic with thinning of the renal paren-
chyma and flattening of the papillae, but continuing tubular loss presumably
occurs with episodes of high pressure obstruction. A further factor has to be taken
into consideration in disorders commencing during foetal development: BERN-
STEIN (1968) and later BEck (1971) have demonstrated experimentally that ob-
struction at this stage can result in renal dysplasia (Chapter F), and this patholo-
gical change will lead to further impairment of renal function. An interesting
model for studying this relationship was observed by Lozzro (1964) in a mutant
strain of Gunn rats: these animals developed congenital mid-ureteric strictures on
a genetic basis, the renal lesion varying between simple hydronephrosis and cystic
dysplasia.
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Fig. 81 a

Fig. 81 b
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Fig.81 ¢

Fig. 81a—c. Obstructive renal atrophy. Serial urograms in a boy referred for ureteric obstruction

complicating reflux preventing re-implantation of the ureters. a Original pre-operative uro-

grams showing a normal right kidney, small and slightly pyelonephritic left. b Post-operative

urograms showing enormous bilateral hydronephrosis and ureteric dilatation. ¢ Intravenous

urograms following revision operation showing post-obstructive atrophy, most marked on the
previously normal right kidney

V. Renal Funection

1. Experimental Observations

In rats, micropuncture studies show that applied ureteric pressure has no
effect on the pressure in the proximal tubules until it exceeds the resting tubular
pressure of 13 mm Hg (17 cm H,0); further increments then result in an equivalent
rise of both proximal tubular and peritubular capillary pressure (GOTTSCHALK and
MyrLE, 1956). Clearly, as the tubular pressure rises, so the glomerular filtration
pressure gradient, and thus the filtration rate, falls. Renal blood flow is, however,
well preserved even with ureteric pressure increments of up to 70 mm Hg (KL
and AUKLAND, 1961; MUurPHY and Scorrt, 1966), but falls with complete ureteric
obstruction (VAUGHAN et al., 1970).

K1 and AURLAND (1961) observed that increased ureteric pressure imposed
upon one kidney of a dog during water diuresis resulted in diminished flow rate
and sodium concentration with increased osmolality and creatinine concentration
of the urine of the experimental kidney relative to that of the control kidney.
These findings point to an increased water re-absorption in the proximal tubule,
distal tubule or both; the diminished sodium concentration supports a predomi-
nantly proximal effect. These findings in the acutely obstructed kidney were con-
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firmed by SUKI et al. (1966) who pointed out the similarity of the functional
disturbance to that of renal artery stenosis: in both, the fractional excretion of
filtered water, V/GFR (V =urine flow rate; GFR =glomerular filtration rate),
during hypotonic volume expansion is reduced on the affected side. V/GFR under
these circumstances is determined by the fractional proximal reabsorption of
filtered sodium, and the data are taken to imply nephron under-perfusion, that is,
a reduction in GFR per nephron, resulting in a distortion of glomerulo-tubular
balance such that the fraction of filtered sodium reabsorbed by the proximal tu-
bule is increased (FurLop and Brazrau, 1970). This functional disturbance is
responsible for the prolonged dense nephrogram characteristic of acute obstruction.

Immediately after complete unilateral ureteric obstruction intrapelvic pressure
is high, approaching arterial blood pressure, but it rapidly falls and within one
week is nearly back to pre-obstruction levels. Initially, recovery of renal function
after relief of obstruction is rapid and fairly complete, but even after only one
week of obstruction recovery is perceptibly lower and less complete (KERR,
1956). Incomplete chronic unilateral ureteric obstruction results in a different
pattern of response to hypotonic volume expansion from that observed in the
acutely obstructed kidney (Suk1 et al., 1966): V/GFR is increased on the affected
side in a manner characteristic of a kidney which has undergone nephron destruc-
tion with resultant over-perfusion (i.e. increased GFR per nephron) of the remain-
ing nephrons.

In summary, the experimental evidence suggests that acute obstructive
nephropathy is a reversible situation, characterised by decreased GFR per
nephron, but that as obstruction persists there is nephron destruction, overper-
fusion of remaining nephrons and renal changes that are less readily reversible.
It might seem that children with congenital obstructive uropathy should in-
variably behave as in the chronically obstructed model of Suxi et al. (1966), but
in all such cases episodes of high pressure occur and these cases behave as if they
were subject to acute obstruction. It may be that the relevant distinction in SURT’s
experiments is not the duration of obstruction but the level of intrapelvic pressure.

2. Clinieal Observations

a) Technical Considerations

There are certain restrictions on the assessment of function of the obstructed
kidney in a clinical setting: the large volume of residual urine precludes accurate
timed urine collections, particularly over short periods, and the classical clearance
techniques of renal physiology are not applicable. Passage of catheters above the
level of obstruction does not overcome the problem, for the kidneys will then no
longer be obstructed. Furthermore, if any function of the kidney is acutely stressed,
the large residual volume may damp the renal response, and it is important to
demonstrate that the relevant urinary parameter has reached a plateau before it
can be concluded that the urine passed externally is representative of that secreted
by the kidney. This restriction applies particularly to tests conducted at low urine
flow rates, such as water deprivation, and for this reason the ability of the ob-
structed kidney to concentrate the urine is virtually unmeasurable. In addition
to these problems, the sick infant tolerates investigational procedures poorly.
Repeated venepuctures, for example, are unacceptable and all laboratory techni-
ques must be miniaturised for capillary blood sampling. Under the circumstances
it is hardly surprising that data on renal function on infants with obstructive
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nephropathy are limited (McCRoRY, 1971), and it is in this context that the deve-
lopment of techniques which permit the assessment of renal function without
timed urine collection (see p. 10) is so promising.

b) Abnormalities of Function

The principal aspects of renal function which may be abnormal in obstructive
nephropathy are:

1. Glomerular filtration rate.

2. Sodium conservation.

3. Hydrogen ion excretion.

4. Urine concentration.

5. Urine dilution.

It is of interest that the major functions of the distal nephron are all involved.
The inability to conserve sodium may be exaggerated after relief of obstruction
and is considered below. Hydrogen ion secretion is faulty: BERLYNE (1961) has
documented failure of acidification of the urine following ammonium chloride
administration in six or seven patients with chronic hydronephrosis.

Perhaps the most striking effect of urinary obstruction is upon the urinary
concentrating mechanism (Ericssox et al., 1955). In view of the anatomical dis-
ruption of the papillae, the counter-current system could hardly be expected to
function normally. Obligatory hyposthenuria is common (WINBERG, 1959;
EarLEY, 1956) and may precipitate the infant into negative water balance, as dis-
cussed on p. 5. The clinical picture may then mimic nephrogenic diabetes in-
sipidus. This defect may diminish after the obstruction is relieved (DorHOUT-
MzEs, 1960; BERLYNE, 1961).

¢) Prediction of Recovery

A few children with obstructive uropathy have a restricted ability to dilute
the urine in response to an oral water load (BARRATT and CHANTLER, 1970).
Although perhaps of limited clinical significance, this observation is of interest in
relation to the experimental data described above. In this investigation V/GFR
was estimated from plasma: urine creatinine (Pc/Uc) concentration ratio using the
creatinine clearance (Uc V/Pc) as an estimate of GFR:

V/GFR = V|(UcV[Pe) = Po/Usc

It was found that those children who resembled Suki’s acutely obstructed
model, that is who had a restricted ability to lower the plasma: urine creatinine
concentration ratio during water diuresis, had the greatest percentage rise in GFR
in the first week after relief of obstruction. This data gives some hope that it may be
possible to identify the functionally acute and reversible obstruction from physio-
logical data alone.

d) Post-Operative Natruresis

Following the relief of obstruction there may be an exaggerated urinary loss
of sodium. This phenomenon is rather unpredictable and may achieve massive
proportions (BRICKER et al., 1957; CH1sHOLM, 1970). Osmotic diuresis due to the
excretion of retained urea may play a role (MAHER et al., 1963), but seems inade-
quate to account for the more dramatic examples. Experimental data suggest that
there is impaired proximal tubular sodium reabsorption with inability to sustain a
normal tubular fluid: plasma sodium concentration ratio (BErcovircH et al.,
1971). The natruresis appears to be more marked in those children in whom relief
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of obstruction subsequently results in a greater increase of GFR (GHAzALI and
BarraTT, 1973). Whatever the mechanism it is important to be aware of the
possibility that such a natruresis may occur, for, if not replaced, saline depletion
may lead to further deterioration of renal function. The tendency of the ob-
structed kidney to lose both salt and water means that the customary practice of
restricting their intake after surgical operations should not be applied indiscrimi-
nately to the child with obstructive nephropathy.

VI. Radiological Studies: The Nephrogram

In recent years the importance of the nephrographic phase during intravenous
urography has received increasing attention. The opacification in the nephrogram
is caused by opaque medium within the lumen of the renal tubule: its density will
depend primarily upon the concentration of the medium in the plasma, and there-
fore in the glomerular filtrate, and secondly upon the amount of water reabsorbed
as the filtrate passes down the tubule. Obviously the size of the kidney and the
number of functioning nephrons will also have an influence on the pictures ob-
tained. The normal nephrogram is maximal immediately at the end of an acute
intravenous injection of contrast medium, when the plasma concentration is
highest. The larger the dose the longer will the nephrogram last: it disappears as
the pyelogram begins to show. There is a variety of conditions, well reviewed by
KELsEY-FrY and CATTELL (1972), in which persistent nephrograms are observed.
The presence of a persistent nephrogram is not in itself diagnostic of obstruction for
an immediate or faint persistent nephrogram is commonly seen in uraemic cases
with chronic glomerular disease. An immediate dense and persistent nephrogram
may be seen in acute tubular necrosis, and perhaps too in acute suppurative pyelo-
nephritis. The nephrogram which is delayed in appearance, but then becomes in-
creasingly dense over a period of hours, is the characteristic pattern of obstructive
uropathy, and where this pattern is associated with early non-opacified areas due
to dilated calices obstruction may safely be diagnosed. It appears that in this type
of acute obstruction glomerular filtration occurs with continuing reabsorption of
water from the filtrate. Dilatation of the tubules and stasis within them are
additional factors in contributing to the dense nephrogram. These changes are
seen in children of all ages with acute obstructive episodes in the urinary tract
(Fig. 82), and since they indicate a high glomerular filtration rate with active reab-
sorption of water from the tubules they are associated with a potentially recoverab-
le situation.

A special type of nephrogram is seen in some acutely obstructed hydronephro-
tic kidneys: it is the “shell nephrogram’ in which the calices are outlined by a thin
rim of opacification, perhaps presenting a soap-bubble appearance (Fig. 83).
Later in the investigation the urine contained in the calices will be opacified. The
shell nephrogram appears to be due to retention of the opaque medium in the col-
lecting tubules which, because the calix is so tensely dilated, have come to lie
tangential to the calix rather than perpendicular to it. In our experience this type
of nephrogram has also indicated a potentially recoverable situation.

VIL. Isotope Studies

Radioactive renography can give important evidence as to the presence of
obstruction, but in cases with dilated urinary tracts the results need to be inter-
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preted with caution. By contrast with the opaque substances used in radiology
which are largely excreted by glomerular filtration, the I 131 Hippuran commonly
used in isotope renography is actively secreted by the tubules so that a different
function of the kidney is emphasised in this investigation.

b

Fig. 82a and b. Obstructive nephrogram. Intravenous urograms in a child with hydro-

nephrosis due to pelvi-ureteric obstruction. a 5 minute intravenous urogram showing nephro-

gram with filling defects due to dilated calices. b 45 minute urogram showing the dilatation
of the renal pelvis
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a b

Fig. 83a and b. Shell nephrogram (crescent sign). Intravenous pyelogram in a boy with

ureteric obstruction consequent upon ureterosigmoidostomy. a Urogram showing multiple

crescent signs due to opacification of collecting tubules lying tangentially around dilated

calices. b Intravenous urogram after operative correction showing persistent opacification
of collecting tubule area

The renographic changes in obstruction have been well analysed by Wax
(1968). The immediate result of acute obstruction leaves the first (vascular) and
second (secretory) phases of the renogram unaffected, but in the third (excretory)
phase the curve continues to rise, reaching a high level and persisting for a long
period. The implication is that the renal blood flow, cellular uptake and secre-
tion continue normally at this stage in the obstructive process. With a chronic
obstruction and deteriorating function there is a progressive flattening out of the
second phase of the renogram with a persistent plateau in the third (Fig. 84). Wax
suggests that once the second phase has been totally abolished recovery of renal
function is impossible.

It is sometimes suggested that radioactive renography will detect early ob-
struction in the ureter before any hold-up is shown pyelographically, but this may
well be due to the dehydration customary in the radiological investigation as
compared with the normal urinary output during renography. In hydronephrosis
and in the dilated ureter, where there is difficulty in deciding whether obstruction
is present or absent, renography is not helpful since the analysis of the third phase
will not differentiate between obstruction and stasis due to peristaltic failure,
though perhaps both in pyelography and renography the use of intravenous
frusemide to demonstrate a washout effect may give a partial answer to this
question. Gamma camera scan has a potential for resolving the isotope in the renal
parenchyma from that in the pelvis, and therefore permits a quantitative analysis
of the radio-isotopic equivalent of the dense prolonged nephrogram characteristic
of obstructive uropathy (HoLroYD and JoNEs, 1969), and there is little doubt
that in future camera scans will provide more useful information.
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Fig.84a and b. Isotope renogram in urinary obstruction. A boy with urethral valves and persist-
ent upper urinary tract dilatation after restoration of bladder function. a First study showing
persistent and rising third phase, but also some flattening of the second phase on the right side.
b Following reconstruction of the lower end of the ureter; the left tracing now approaches
normal but the right side, with flattened second phase, remains in the obstructive pattern
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VIII. Conclusion

It is possible to recognise two types of urinary obstruction whose polar charac-
teristics are given in Table 7. They are labelled acute and chronic, although it
must be admitted that it is not clear whether the duration of obstruction is, in
fact, the principle determinant of the physiological characteristic. In an acute ob-
struction the intrapelvic pressure is high; renal blood flow and glomerular filtra-
tion continue, but there is avid proximal reabsorption of filtrate so that the secre-
tory phase of the renogram persists, the nephrogram is dense and there is a limi-
tation of the ability of the kidney to dilute the urine; the glomerular filtration rate
rises after relief of obstruction, often accompanied by post-operative natriuresis. On
the other hand in the chronically obstructed kidney the intrapelvic pressure may
be only raised under diuretic conditions, there is a reduction of renal blood flow
with a poor secretory phase in the renogram and an inconspicuous nephrogram.
Sodium reabsorption in the proximal tubule is diminished, as in other forms of
chronic renal failure. These kidneys do not improve after relief of obstruction.

Table 7. Characteristics of obstructive uropathy

“Acute” ““Chronic”
Intrapelvic Pressure High Normal but high
during diuresis
Prolonged dense nephrogram Yes No
Fractional reabsorption of filtered  Increased Decreased

sodium by proximal tubule.

I 131 Hippuran uptake in Yes No
second phase of renogram.

Improvement in function Yes No
after relief of obstruction

Post-operative natriuresis Yes No




N. Obstructive Uropathy: The Upper Tract

D. InxEs WILLIAMS

With 23 Figures

I. Hydrocalicosis

In the child, as in the adult, isolated obstruction to the infundibulum of a
calix with consequent proximal dilatation is uncommon and needs to be carefully
distinguished from multiple caliceal dilatations due to ureteric obstruction and
from clubbing of the calix due to pyelonephritis or medullary necrosis. In the adult
tuberculosis is also misleading, but this is unlikely to be observed in the child.
Three forms of caliceal dilatation may be recognised:

1. Hydroecalicosis Due to Vascular Obstruetion

Dilatation of the upper calix with some narrowing of the upper infundibulum is
not uncommon, particularly on the right side (Fig. 85), and FrarLeY (1966 and
1969) has described a syndrome in which this radiological appearance is associated
with renal pain. He finds the infundibulum compressed by the near presence of a
leash of vessels and has subsequently reported that a “dismembered infundibulo-
pyelostomy’” in which the obstructed calix is transplanted to a separate opening
into the renal pelvis, escaping pressure from the vessels, can relieve this pain.
However, Rusiewicz and REILLY (1968), reviewing 2000 intravenous pyelograms,
found mild upper pole caliceal dilatation due to partial infundibular obstruction in
52, but very little correlation between the child’s symptoms and the radiological
appearance. Undoubtedly it is easy to overdiagnose this condition, but JornsToN
and SANDOMIRSKY (1972) have supported FRALEY’s claim in finding three examples
of persistent renal pain with upper caliceal dilatation and clear-cut vascular com-
pression which was relieved by operation. The subsequent pyelographic appearan-
ces, however, were very little different from the initial ones.

2. Hydroecalicosis Due to Infundibular Stenosis

In rare cases isolated dilatation of one or more calices is associated with a long
stenotic segment in the infundibulum. In these examples the intravenous pyelo-
grams will show the dilated calix (Figs. 86, 87) which fails, however, to fill on
retrograde pyelography. At exploration it is found that although there may be
vessels in the neighbourhood of the obstructed infundibulum their mobilisation
makes no difference to the obstruction, which is clearly intrinsic. In the author’s
cases this form of hydrocalicosis has sometimes been associated with a dysplastic
kidney and with recurrent infection or renal pain. Without infection, however, it
is only very slowly progressive and in the absence of symptoms it is doubtful
whether any sort of operative interference is justifiable. If operation is undertaken
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Fig. 85 Fig. 86

Fig. 85. Vascular obstruction to the upper calix. Intravenous pyelogram showing very slight
obstruction to the upper infundibulum resulting from overlying vessels. No treatment is
required

Fig. 86. Hydrocalicosis due to infundibular stenosis. Intravenous pyelogram showing obstruc-
tion to the upper infundibulum, having the appearance of a vascular lesion but found at
exploration to be due to intrinsic stenosis

it is a simple matter to remove the obstructed segment by partial nephrectomy,
but reconstructive surgery is not particularly successful. The method employed
by the author has been an intubated infundibulotomy, splitting down the stenosed
infundibulum and allowing it to heal around an indwelling splinting tube. In the
follow-up of these cases urinary infection has been eliminated, but the pyelographic
appearances are not significantly changed. In a sub-group are examples with
extra-renal calices: the kidneys are usually mal-rotated and otherwise anomalous,
the renal pelvis somewhat dilated, but the calices arise well clear of the renal
parenchyma and one or more of them may be long and narrow.

3. Megacalicosis

PuiaveRT (1962) has described a syndrome of generalised caliceal distension
and malformation accompanied by thinning of the renal medulla, but without
cortical changes or function alteration of the kidney. He regards the disorder as
due to hypoplasia of the renal medulla of congenital origin; in later life it may be
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complicated by infection or stone, but in childhood there are very few symptoms.
It is important to distinguish this disease (Fig. 88) from obstructive disease, as
clearly pyeloplasty will be of no value.

Fig. 87 Fig. 88

Fig. 87. Hydrocalicosis due to infundibular stenosis. Intravenous pyelogram in a girl suffering
from recurrent urinary infection showing severely distended lower calices, but also a moderate
infundibular stenosis of the upper calices. Partial nephrectomy performed

Fig. 88. Megacalicosis. Intravenous pyelogram showing dilatation of all calices in an other-
wise unobstructed kidney of normal size and not complicated by infection. No treatment
required

4, Caliceal Diverticulum

A cystic space is present in the renal parenchyma which communicates by a
narrow channel with a normal calix. When such a diverticulum enlarges con-
siderably it may be difficult to distinguish from a hydrocalicosis. Small diverticula
are usually symptomless and found accidentally at pyelography, but a few are
associated with pain, infection or stone formation and if treatment is required a
partial nephrectomy or wedge resection of the area of kidney, including the diver-
ticulum, should be undertaken (DEVINE et al., 1969; WILLIAMS et al., 1969).
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II. Hydronephrosis Due to Pelvi-Ureteric Obstruction

The classical form of hydronephrosis due to pelvi-ureteric obstruction is a
common disorder of childhood: in general it is well recognised and adequately
treated. A number of reviews of the subject have been published in recent years,
e.g. KrErnawis et al. (1971), Uson et al. (1968). The precise cause of obstruction
is still a matter of debate. NIxon (1953) found aberrant vessels as at least a contri-
butory cause in 25 out of 78 cases. Adhesions binding the upper ureter to the pelvis
have been regarded as responsible for ureteric obstruction by many observers, and
JOHNSTON (1969), measuring the intrapelvic pressure has found that freeing these
adhesions alone can allow decompression. Nevertheless, a narrow stretch of the
upper ureter remains and if at operation lysis of adhesions is the only procedure
undertaken the kinks and adhesions recur. MURNAGHAN (1959) claims that there
is an interruption of the circular element of the musculature in all cases as a pri-
mary lesion, while NoTLEY (1968), on the basis of electron microscopy studies,
believes that there is an excess of collagen in a thin muscle layer at this point. Very
rarely a true obstructive mucosal valve may be discovered on section of an ob-
structed renal pelvis.

The symptomatology and diagnosis of the classical case require little comment:
treatment by pyeloplasty is ordinarily successful in children and only a small
proportion require primary nephrectomy. The author’s preference is for a dismem-
bered pyeloplasty of the Hynes-Anderson type with the addition of a nephrostomy
drainage with ureteric splinting for one week. Certain special forms of hydrone-
phrosis in childhood are, however, worthy of further comment.

1. Intermittent Hydronephrosis

In some children the intravenous urogram between attacks of pain may be
entirely normal (Fig. 89), but there is often some suggestion of a hold-up with at
least a sharp cut-off at or slightly below the pelvi-ureteric junction. In any child
with a history of severe attacks of loin pain and vomiting this possibility should
be borne in mind and investigated by high dose pyelography with diuresis, which
will cause distension of the renal pelvis. At operation on intermittent hydrone-
phrosis the renal pelvis is usually collapsed when first exposed, but the point of
obstruction is readily demonstrable by inflating the pelvis by injection of saline.
Pyeloplasty gives exceptionally good results.

2. Hydronephrosis in Neonates

In cases presenting during the first three months of life a characteristic form is
that of an enormously ballooned extrarenal pelvis (Fig. 90) with a cap of relatively
good renal parenchyma pushed far laterally. The calices are moderately dilated
only and function is often surprisingly good, although the pyelograms are not clear
because of the enormous volume of non-opacified urine in the renal pelvis. In such
cases a palpable kidney is the usual mode of presentation and bilaterality is more
common in infancy than in later childhood. Pyeloplasty is successful in preserving
renal function in these cases, though the appearance of the kidney scarcely ever
returns to normal (WiLLiams and Karvartis, 1966). In another neonatal type of
hydronephrosis the renal pelvis is relatively small, but there is below it three or
four centimetres of ureter which is extremely narrow and exhibits multiple kinks
of mucosa and muscularis within the adventitia. This type of disease is often seen
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with urinary infection. It may be difficult to secure a satisfactory pyeloplasty be-
cause of the length of the narrow segment, but it is essential to anastomose the
renal pelvis to the wider ureter lower down in the lumbar region. Hydronephrosis
with cystic dysplasia of the kidney may be seen in the neonate (Fig. 91), often in
cases where the contralateral kidney is multicystic. Prognosis in such cases is poor
since renal function is considerably impaired.

a b

Fig. 89a and b. Intermittent hydronephrosis. a Intravenous pyelogram between attacks of
pain. b Intravenous pyelogram during episodes of pain

3. Hydronephrosis in Mal-Rotated Kidneys

The renal pelvis of a mal-rotated or fused kidney ordinarily arises from a
broad base and the ureter takes off from the top of a dome-like cavity. The shape
of the renal pelvis makes for ineffective emptying contractions and the high inser-
tion of the ureter is apt to cause a degree of pelvi-ureteric obstruction. There may
be in addition compression by vessels. It is important to recognise the presence of
a malrotation in hydronephrosis since the intravenous pyelogram often gives an
exaggerated impression of obstruction because of the size and broad base of the
renal pelvis (Fig. 92). Moreover, in mal-rotated or fused kidneys the results of
pyeloplasty are less satisfactory than in the normally rotated organ.

4. Hydronephrosis in the Duplex Kidney

In the usual form of ureteric duplication a true pelvi-ureteric junction is present
only in the lower pole: in the upper the ureter breaks up into calices without first
expanding to form a pelvis. Pelvi-ureteric obstruction is therefore almost confined
to the lower pole and there presentsno unusual features; the diagnostic problem
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may arise when the obstruction is severe and the lower pole non-opacified in the
pyelograms, leaving the distorted upper pole in a form which may suggest renal
tumour (Fig. 93). Rarely, the upper pelvis is formed and may show signs of dilata-
tion; very rarely the lower pole is a minute dysplastic appendage on an otherwise
normal kidney with pelvic hydronephrosis.

a b

Fig. 90a and b. Neonatal hydronephrosis. a Micturating cystogram showing reflux into one

side with grossly dilated renal pelvis. The opposite side was similarly affected but did not

reflux. Pyeloplasty performed. b Intravenous pyelogram a year later showing good function
but still grossly distorted renal pelves

5. Hydronephrosis with Low Pelvi-Ureteric Obstruction

The renal pelvis is at times elongated, so that the pelvi-ureteric junction lies
near the level of the iliac vessels: hydronephrosis developing in this type of kidney
may mimic mid-ureteric obstruction, but the results of a simple dismembered
pyeloplasty can be very satisfactory (Fig. 94).

6. Hydronephrosis Due to Ureterie Polyps

A rare but consistent variety of hydronephrosis in childhood results from ob-
struction to the upper ureter by polyps. They arise 1-2 ecm below the pelvi-ureteric
junction and consist of finger-like projections about 1 mm across and 10-15 mm
long. They are covered by transitional epithelium over a nondescript central
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stroma. They are of uncertain origin, not neoplastic and not obviously inflammatory
(WiLLIAMS and NEIDERHAUSEN, 1963). The symptoms are those of simple hydro-
nephrosis and haematuria is no more common than in the uncomplicated case.
Radiologically the site of obstruction may be recognisably a little below the pelvi-
ureteric junction (Fig. 95), and in a few instances a filling defect may be discernible.
At operation they can be suspected from the absence of usual kinking and from
thickening of the ureter below the pelvis. Excision of the polyp bearing area
with modified pyeloplasty gives good results.

ITI. Mid-Ureteric Obstructions

1. Funetional Obstructions

Inmany pyelograms the lumbar segment of the ureter, particularly on the right,
appears to be dilated down to a point somewhere near the brim of the pelvis. Cine
studies will show that there is no true obstruction here, rather that there is in
effect a reservoir in the lumbar region which empties intermittently. True func-

Fig. 91 Fig. 92

Fig. 91. Hydronephrosis with renal dysplasia. Retrograde pyelogram showing large vertically
disposed renal-pelvis with calices directed upwards. At exploration a small cystie kidney was
found with flaccid atonic renal pelvis

Fig. 92. Hydronephrosis in horseshoe kidney. Infant presenting with abdominal mass. Intra-
venous pyelogram shows malrotated hydronephrotic right kidney, very little opacification
on the left



182 Obstructive Uropathy: The Upper Tract

Fig. 93. Hydronephrosis in duplex kidney. Boy presenting with a large abdominal mass. Intra-
venous pyelogram shows opacification of the upper calices only, which are displaced and distor-
ted by an enormously enlarged and non-opacified hydronephrosis in the lower half of a duplex

Fig. 94a and b. Hydronephrosis with low pelvi-ureteric junction. Girl with recurrent urinary
infection. a Intravenous pyelogram showing hydronephrosis with low elongated renal pelvis.
b Intravenous pyelogram showing post-operative state
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tional obstruction in any way comparable to that seen in the upper or lower end
of the ureter is very rare indeed, if the cases of low pelvi-ureteric junction with ob-
struction are excluded.

Fig. 95. Hydronephrosis due to ureteric polyps. Boy presenting with left loin pain. Intra-
venous pyelogram shows mild hydronephrosis only with obstruction a little below the pelvi-
ureteric junction on each side

2. Peristaltic Disorders in the Bifid Ureter

Ureters which bifurcate in the mid-ureteric region are not infrequently com-
plicated by unco-ordinated peristalsis. Kaprax and Errin (1968) have shown
that reverse filling of one limb from another during the course of a cine pyelogram is
a usual observation, and they found slight dilatation in 42 per cent of such cases.
Occasionally a child has renal pain in association with such a disorder, although
there are no true obstructive changes in the calices of either half of the kidney.
Some authors have advised operation for this type of case (LENAGHAN, 1962;
TRESIDDER et al., 1970), usually with the intention of converting a bifid ureter
into the bifid pelvis which, because of the different functional properties of the
pelvis, would not be painful. In the present author’s experience this type of
operation is seldom required since serious pain which can be attributed with
certainty to the kidney in bifid ureter is rare, nevertheless operation can be effec-
tive (Fig. 96). Somewhat similar considerations apply to examples of blind bifur-
cation of the ureter, which may be distended during peristalsis of the normal
ureter.

3. Congenital Stricture: Atretic Segment

This type of obstruction is most often encountered in cases with contralateral
multicystic kidney associated on that side with a long atretic segment of ureter.
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On the functioning but obstructed side a short (1-2 cm) length of the ureter, often
in the lower lumbar region, is extremely narrow and thin-walled. The proximal
ureter is dilated, often with a kinked pelvi-ureteric junction and tense hydrone-
phrosis. Occasionally a second narrow segment is present in the lower ureter, which
is easily overlooked since the segment between the two strictures is of normal
calibre and not dilated.

Fig. 96. Peristaltic disorder in bifid ureter. Girl with recurrent urinary infection. Intravenous

pyelogram shows gross dilatation of both limbs of a bifid ureter with normal calibre common

stem. Exploration and pressure studies confirmed the absence of any obstruction in the lower

segment. Treated by excision of the common stem and re-implantation of both branches
directly into the bladder

Infants with this disorder present with infection or signs of renal failure: with
multicystic and hydronephrotic kidneys both being palpable. Intravenous pyelo-
grams demonstrate the hydronephrosis and usually the dilated upper ureter
(Fig. 97), with a functionless contralateral kidney. On cystography there may be
reflux into the normal calibre lower ureter on both sides. Operative treatment
consists of excision of the strictured area with re-modelling of the dilated segment
and re-anastomosis using a long oblique suture line. Recovery of renal function
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may be satisfactory, but hydronephrosis is often too far advanced for restitution
of a normal anatomy and there may be dysplastic changes in the kidney with a
Poor prognosis.

C

Fig. 97a—c. Mid-ureteric stricture due to atretic segment. Infant female presenting in uraemia
with palpable multicystic kidney on the left side, hydronephrosis on the right. a Intravenous
pyelogram shows no opacification on the left, but gross hydronephrosis on the right with
dilatation of the ureter extending down to the mid-ureteric segment. b Micturating cystogram
showing bilateral reflux: on the left side, the ureter reaches the multicystic kidney; on the right,
it ends abruptly at the atretic mid-ureteric segment. Multicystic kidney execised, atretic
segment of right ureter excised with ureteric re-anastomosis. ¢ Intravenous pyelogram after
recovery of renal function. Some residual dilatation of the upper ureter
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4, Retrocaval Ureter

The anatomy of the retrocaval ureter is well known and has been reviewed on
many occasions (CONSIDINE, 1966). It is a rare anomaly, however, and often diag-
nosed in later life. The right ureter has a dilated segment below the renal pelvis
which then loops upwards, passing behind the vena cava, to emerge between the
aorta and cava to resume its normal course. The obstruction is seldom acute, and
in very early childhood hydronephrosis may not be sufficiently severe to suggest
the diagnosis. Progress is towards increasing dilatation with renal pain and often a
complicating infection. The characteristic radiological picture is shown in Fig. 98.
The diagnosis is usually made from this alone, though confirmation may be ob-
tained by catheterising the cava at the time of pyelography. Medial displacement
of the ureter is not at all uncommon and it should not suggest the retrocaval
situation without the typical loop.

Since the anomaly arises by abnormal development of the vena cava it is not
primarily a urological disorder, but secondary changes appear to take place in the
ureteric wall after some years and the best results are obtained by excising the
segment of ureter which lies behind the cava and anastomosing the dilated upper
part, often after re-modelling, to the lower normal ureter.

The anomaly is ordinarily confined to the right side, but a double vena cava
may rarely be found and thus the left ureter may be involved. In one of the

a b

Fig. 98a and b. Retrocaval ureter. Boy presenting with recurrent urinary infection. a Intra-
venous pyelogram showing the characteristic deformity of retrocaval ureter. b Post-operative
state
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author’s cases the left ureter exhibited a mid-ureteric stricture, although there was
no vascular compression and the vena cava was single.

5. Retro-Iliac Ureter

One or both ureters may at times pass behind the iliac arteries and be ob-
structed at this point. This very rare anomaly has been reviewed by Hanna
(1972), illustrating one of the author’s cases in which multiple anomalies of the
urinary tract were also present (Fig. 99).

Fig. 99. Retro-iliac ureters. Micturating cystogram showing reflux into grossly dilated ureters
on both sides. The dilatation is, however, greater above the iliac vessels. There is also reflux
into a grossly dilated vas deferens leading over to the right spermatic cord

6. Ureteric Polyps and Tumours

The finger-like polyps just below the pelvi-ureteric junction have been described
above. Other polyps are exceptionally rare in children, but a fibrous, myomatous
or angiomatous polyp may arise in the lower ureter and prolapse intermittently
through the ureteric orifice. The obstructive element in these cases is small and
the usual presentation is haematuria. The diagnosis may be made cystoscopically
or pyelographically. Simple excision of the polyp through a ureterostomy will
suffice. Ureteric polyps have been reported in association with the Peutz-Jeghers
syndrome, where there is multiple polyposis in the intestine.
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7. Extrinsie Obstruetions

Retroperitoneal fibrosis in the form seen in adults is not on record in child-
hood, but can occur from other causes (Fig. 100) and involvement in the retro-
peritoneal inflammatory process seen in chronic granulomatous disease can pro-
duce a somewhat similar picture. Retroperitoneal tumours can obstruct and
displace the ureters (Fig. 101), particularly neuroblastomata and ganglio-neuro-
mata arising from the sympathetic chain. Lymphosarcoma in the small intestine
with mesenteric nodes can also produce ureteric obstruction.

Fig. 100. Extrinsic ureteric obstruction. Intravenous pyelogram in a girl with recurrent

urinary infection; found to have mid-segment ureteric obstruction; proved at operation

to be due to localised retroperitoneal fibrosis associated with chronically obstructed and
inflamed appendix

IV. Lower Ureteric Obstructions

Although acquired causes of lower ureteric obstruction, such as tuberculosis,
bilharziasis (Fig. 102) and stricture following the passage of stone, are well known
in childhood congenital obstructions are much more important. The classical ex-
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ample of this disease is the primary obstructive mega-ureter, but other obstruc-
tive lesions are ureterocele, ureteric ectopia and, more importantly, the para-
ureteric saccule. It is not clear why a saccule herniating through the ureteric
hiatus in the detrusor is usually associated with reflux, but on occasions with a
non-refluxing obstruction. In the latter case it is usual to find that the terminal
segment of the ureter is almost devoid of musculature and is closely bound within
the adventitia surrounding the saccule, a condition analogous to that found in
obstructive mega-ureter. It is even not impossible for a lower ureter to allow reflux
and yet to offer some obstruction to the downward passage of urine.

Primary obstructive mega-ureter is usually regarded as a disease analogous to
pelvi-ureteric obstruction; there is dilatation and hypertrophy of the greater part
of the ureter but a short terminal segment of normal calibre which will not allow
reflux. Various views have been expressed in regard to the pathology of the narrow
segment; the theory that there was a lack of ganglion cells was disposed of by
LeiBowitz and Bopiaw (1963) and it has been subsequently confirmed by NotLeY
(1972) that ganglion cells are not normally found within the ureter. MURNAGHAN
(1959) found an excess of circular fibres in proportion to the longitudinal muscle in
this area and postulated functional obstruction for this reason. GREGOIR and
DeBLED (1969) find an excess of fibrous tissue and NoTLEY (1972) emphasises the

a b

Fig. 101a and b. Retroperitoneal lymphangioma. Boy presenting with left sided pain and

mass. a Intravenous pyelogram pre-operatively showing a normal right kidney, a poorly

functioning hydronephrosis on the left. b Intravenous pyelogram after partial excision of
lymphangiomatous tissue on the posterior abdominal wall obstructing the ureter
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role of collagen amongst the muscle fibres in the functionally obstructive seg-
ment. STEPHENS (1963) believes that there is commonly a fibrous stricture and that
the ureteric lumen is actually narrowed in most cases. In the author’s experience,
however, the ureteric orifice is usually easily catheterisable and there is very little
evidence of the rigidity of tissues normally associated with stricture formation.

Obstructive mega-ureter is a disease of early life: there is a heavy male pre-
dominance (FLATMARK et al., 1970) and the left ureter is more likely to be involved
than the right (JornsTON, 1967). Sterile cases present with episodes of pain,
usually located in the iliac fossa area, but severe recurrent infection is the most
common mode of presentation. In the infant group bilateral disease is common
and many such cases present with renal failure, some having in addition to the
obstructive disorder dysplastic changes in the kidney.

The degree of obstruction varies greatly from case to case, as can be observed
clinically and radiologically. In some mild examples the calices and upper part of
the ureter appear to be entirely normal; the pelvic segment is dilated and at this
level the peristaltic waves no longer obliterate the lumen. The terminal segment
appears to be of normal calibre but of doubtful peristaltic activity. In such cases
there may be a brief episode of haematuria or infection which draws attention to
the condition, but otherwise no symptoms and very little evidence of progression
of the disease. Some authors regard the dilated segment as the pathological one in
these cases and BACRLUND and REUTERSKIOLD (1969) demonstrate that there is
very little rise in pressure during perfusion of the ureter at high rates. WiLLiams

Fig. 102. Bilharzial obstruction to the lower ureter. Intravenous pyelogram in a child
with haematuria showing irregular infiltration and obstruction to the lower ends of both
ureters
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and HurmME Motr (1970) followed 18 such mild examples treated by conservative
regime; in some there was a definite improvement in the degree of dilatation and
only 3 showed a deterioration (Fig. 103).

By contrast,in other children there is a hydronephrosis with tensely dilated
calices and rapidly progressive dilatation of the ureter down to the narrow seg-
ment, which in these examples is often kinked upon itself (Fig. 104). Perfusion
studies in these can show almost no flow and a very rapid rise in pressure once
the system has completely filled. Active peristaltic waves are seen in the early
stages of such cases, though they do not obliterate the lumen of the ureter. At a
later stage muscular activity fails and there is irreversible renal damage. In a few
infants an enormous ureter and ballooned renal pelvis are associated with rela-
tively well preserved renal parenchyma (Fig. 105) and a good response to conser-
vative surgery. In a number, a secondary kinking at the pelvi-ureteric junction
produces some local obstruction.

Diagnosis ordinarily presents no difficulty if high dose pyelograms are em-
ployed, which outline the obstructive ureter down to the narrow segment. Cysto-
grams show no reflux, or only the escape of a very small amount of opaque me-
dium through the narrow segment where it is immediately diluted by the non-
opacified urine lying in the dilated segment. Bladder emptying is complete and
cystoscopically the ureteric orifice appears normal, or sometimes elevated on a

a b c

Fig. 103a~c. Mild obstructive mega-ureter. Boy treated in infancy for urinary infection by

chemotherapy. No surgery. a Retrograde pyelogram at the time of first investigation.

b Intravenous pyelogram three years later. c¢ Intravenous pyelogram eleven years later.
No surgical treatment employed. The boy remains free of symptoms
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slight nipple. Obstruction due to accompanying ureteric saccule can, of course, be
recognised cystographically and cystoscopically.

In determining the plan of treatment first consideration should be given to the
evidence of obstruction. As already emphasised, many mild cases do not deterio-
rate and do not require treatment of any sort. If, therefore, the renal function is
normal, the calices well cupped and the urine sterile, the case should simply be ob-
served. In the majority, however, where infection and pain occur and there is
clear evidence of obstruction re-implantation of the ureter is the routine treat-
ment and can ordinarily be very successful (Fig. 106). A unilateral gross dilata-
tion of the ureter with destruction of the kidney, particularly if complicated by in-
fection and stone formation, requires nephro-ureterectomy. In bilateral cases with
severe upper tract damage the possible alternatives are immediate re-modelling
and reconstruction of the ureters; a period of temporary urinary diversion by
nephrostomy or ureterostomy or; permanent cutaneous diversion.

The method of re-implantation has been described by many authors and with
the addition of the excision of the narrow segment all methods used for reflux pre-

Fig 104 Fig. 105

Fig. 104. Bilateral mega-ureter. Infant boy presenting with severe urinary infection. Intra-
venous pyelogram showing gross bilateral hydronephrosis and hydro-ureter with tense dilata-
tion of the lower ends of both ureters deforming the bladder outline

Fig. 105. Mega-ureter in a neonate. Infant presenting with large abdominal mass at birth.
Antegrade pyelogram performed by direct needle puncture of the hydronephrotic sac outlines
the enormously dilated renal pelvis and obstructive mega-ureter
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Fig. 106 a—c. Mega-ureter. Boy present-
ing with recurrent urinary infection.
a Intravenous pyelogram pre-opera-
tively showing a normal left kidney
and a grossly hydronephrotic right.
b Antegrade pyelogram outlining the
tensely obstructed megaureter but
relatively well preserved kidney.
¢ Post-operative intravenous pyelo-
gram showing recovery after reim-
plantation of ureter
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vention may be appropriate. Some re-modelling of the lower end of the ureter is
usually necessary to secure reflux prevention. JoENSTON (1967) advises re-model-
ling only up to the pelvic brim. BiscHOFF (1961) has advocated a very much more
extensive re-modelling in order to bring the ureter down to a normal calibre over a
considerable length, and recently HENDREN (1969) has been an advocate of this
form of treatment, often undertaken in two stages. It has, however, been the ex-
perience of many that once the obstruction is removed and the lower end re-
modelled the upper ureter and renal pelvis will show a satisfactory spontaneous
improvement. A second operation is, however, required if there is any suggestion
of pelvi-ureteric obstruction (Fig. 107). All series contain some disappointments,
however; in a number there will be persistent obstructive dilatation and in others
reflux. In JoHNSTON’s (1967) series, 8 out of 33 cases were essentially unaltered by
surgery, and in the group reported by WiLLiams and HoLme Moir (1970) only 31
out of 45 ureters were considerably improved. The bad results may represent
technical failures or errors in selection, but it must be recognised that while spec-
tacular results can often be achieved in the more acute forms of obstruction the
chronically and severely dilated ureter presents great problems in reconstruction,
and that extensive operations can be followed by disastrous scarring.

In an attempt to obtain muscular contractions in a previously atonic ureter
HirscHBORN (1964) employed an operation wrapping the ileum, denuded of its
mucosa, around the ureter. PoLITANO et al. (1972) has reported on some successful
results in such cases, but more appear to be failures.

a b

Fig. 107a and b. Mega-ureter in an infant presenting with a large abdominal mass and raised

blood urea. a Intravenous pyelogram shows no function on the left side; on the right there

is a very large soft tissue swelling with some opacification of flattened calices far out in the

loin. Reduction pyeloplasty performed as well as re-implantation of the lower end of the ureter

b Intravenous pyelogram a year later showing return of good function but distorted pelvi-
ureteric system
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I. Introduction

Any discussion of the vesical element in urinary obstruction must necessarily
centre around the problem of bladder neck obstruction and the changing attitudes
to this disease. The classical description of MARION (1940) referred to a disorder
closely akin to prostatism in which a hypertrophied internal sphincter alone
appeared to be the cause of obstruction which could be relieved by its resection.
Since cases were seen in young adults with a long history of difficult micturition a
congenital cause was postulated by many (e. g. BADENOCH, 1949), but the diagnosis
was made seldom and only in adults with clearly recognisable obstructive signs. In
subsequent years, however, many urologists came to believe that a large propor-
tion of children of both sexes suffering from recurrent urinary infection and reflux
had a bladder neck obstruction as their primary disorder, so that very many
operations or endoscopic revisions were performed. The literature of the 1950’s
and 1960’s, which has been well summarised by Youne (1972), contains many
papers reporting good short term results of operations in numerous children, but
the diagnostic criteria in most were unreliable and little permanent value can be
gained by a study of these statistics. Later, the disappointing long term results,
the better understanding of reflux and the failure to establish any histological
basis for bladder neck obstruction threw considerable doubt on the validity of this
diagnosis. The development of accurate hydrodynamic methods, especially those
reported by NUNN (1965), Za1z (1965) and WHITAKER et al. (1969) demonstrated
that in the simple recurrent infection and reflux cases there was no evidence of
bladder neck obstruction, and Syate (1969), in a wide ranging review, found no
justification for this diagnosis in children, though he believed the possibility of
distal urethral obstruction in girls remained. Currently the consensus of
opinion regards bladder neck obstruction as a disease which does not occur in the
female child and only exceptionally rarely in the pre-pubertal male. It is therefore
important to discuss first bladder disorders which might be confused with, but
which are now recognised as other than, bladder neck obstruction.

1. Urethral Obstruetion

Congenital lesions, particularly valves in the urethra, are the most important
causes of obstruction in the male, though the diagnosis has often been missed be-
cause inadequate micturating cystograms have been performed, failing to demon-
strate the valves in the absence of bladder contraction or omitting examination of
the anterior urethra. Urethral strictures are missed because in children they are
soft and easily dilated by instrumentation before cystography.
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Fig. 108a and b. Large refluxing bladder
in urethral valvular obstruction. a and
b Cystograms in a newborn infant with
retention and urinary infection

The congenital urethral lesions demonstrate the varying reaction of the bladder
to obstruction: hypertrophy of the detrusor is present in all, but some develop a
massive trabeculation and sacculation with a relatively small capacity (Fig. 124),
others are atonic with a large bladder volume (Fig. 108). Diverticula, if present,
are multiple, frequently involving the ureteric hiatus. Reflux is present in under
half the cases (p.131). The internal sphincter participates in the detrusor hyper-
trophy so that the bladder neck is prominent in proportion to the degree of trabe-
culation, though it is never tightly closed. A secondary bladder neck obstruction
has often been postulated, but never satisfactorily established, and as the dilata-
tion of the posterior urethra advances the bladder neck widens out and even
disappears.

2. Occult Neuropathic Bladder

Many cases of spinal dysraphism without meningocele are referred for urolo-
gical opinion as examples of bladder neck obstruction, but radiological investi-
gation of the vertebral column and myelography will easily establish the neuro-
pathic cause (Fig. 109). There are, however, children of both sexes who have severe
obstructive signs with many of the characteristics of neuropathic bladder, but in
whom no spinal cord disorder can be identified. The diagnosis is discussed in
Chapter R. Dribbling incontinence is present from an early stage, even when the
vesical residue is small, and it is often accompanied by obstinate constipation or
faecal soiling. Infection is a common complication and later there may be a rapid
deterioration with the accumulation of a large vesical residue and overflow incon-
tinence. Reflux, hydronephrosis and renal failure follow. On radiological examina-
tion (Fig. 110) the bladder neck area is hypertrophied but not tightly closed, the
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posterior urethra is dilated down to the membranous area. Cystometrograms show
features of neurogenic disorder with exaggerated Bethanecol response. Bladder
neck resection is not helpful; external sphincterotomy may reduce the residue,
but most cases come to urinary diversion.

3. Incomplete Prune Belly Syndrome

Classical cases of absent abdominal muscles are easily recognised, but examples
of incomplete syndromes where the urinary tract anomaly is unaccompanied by
abdominal wall defects are encountered from time to time. The characteristic
finding is an anomalous development of the entire urinary tract: dysmorphic
kidneys, incongruously dilated ureters, large capacity bladder and dilated posterior
urethra (Fig. 144). The topic is fully discussed in Chapter Q.

a b

Fig. 109a and b. Neuropathic bladder with easily overlooked vertebral deformity. a Intra-
venous urogram showing urinary obstruction and some widening of the spinal canal in the
sacral area. Myelogram showing diastematomyelia in the thoracic region
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Fig. 110. Occult neuropathic bladder. A boy of 10 years with lifelong incontinence of

urine, and formerly of faeces, with rapid deterioration of renal function. Cystogram showing

grossly trabeculated bladder. No obstructive lesion could be identified, the bladder neck was

relaxed. No neurological signs could be elicited, but there was a positive Bethanechol sensi-
tivity test. Urinary diversion required

4. Mega-Ureter-Megacystis Syndrome

A large capacity, smooth-walled bladder with a wide trigone and dilated
ureteric orifices, free reflux and grossly dilated ureters are characteristics of this
disorder (Fig. 111) WiLL1AMS (1954), PAQUIN et al. (1960). In the absence of acute
infection or post-instrumental trauma, micturition is effective in emptying the
bladder completely, though because of massive reflux rapid refilling occurs. This
absence of true residual urine contrasts with the inability of the obstructed bladder
to empty, though the distinction of the megacystis case from simple reflux is not
so clear. Most of the symptoms of these cases are relieved by reflux prevention, but
in the severe examples the large capacity bladder remains and micturition cannot
be initiated with small bladder volumes. No pathological explanation for this
disorder has been established. LieBowITz and Bopiax (1963) demonstrated that



Polyuric Bladder 199

the ganglion cell population of the bladder wall was normal. You~e (1972) postu-
lates a smooth muscle dysplasia.

5. Atonic Bladder

The category of atonic bladder is an imprecise and unsatisfactory one: the ob-
structed bladder may be of very large capacity and relatively atonic. Rarely, how-
ever, a child is encountered with a very large flaccid bladder which empties in-
completely and largely by abdominal compression through an apparently normal
urethra, but without reflux and with a well preserved upper urinary tract (Fig.
112). The cause of the disorder is obscure and insufficient cases have been followed
to allow an assessment of prognosis. There is certainly a liability to infection which
can be difficult to eradicate, but in the author’s experience a prolonged period of
drainage and bladder neck revision has resulted in better emptying. The ‘“lazy
bladder syndrome’ as a cause of incontinence is discussed on p. 240. Cases so
described appear to be less serious and have possibly a psychological explanation.

a b

Fig. 111a and b. Mega-ureter-megacystis. a Cystogram in a uraemic infant with urinary

infection, showing very large capacity bladder and free reflux. Cystoscopy demonstrated

wide trigone with laterally displaced and dilated ureteric orifices. b Intravenous pyelogram
after temporary ureterostomy and later re-modelling and re-implantation of ureters

6. Polyuric Bladder

The bladder may enlarge in response to need and cases of diabetes insipidus
have large capacity bladders: the enlargement is relatively modest in cases of
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pituitary origin, but as CARTER and GoopMaN (1963) have shown, in cases of
congenital nephrogenic diabetes insipidus it can be considerable and accompanied
by hydronephrosis (Fig. 80).

a b

Fig. 112a and b. Atonic bladder. Newborn infant with abdominal swelling but normal renal
function and sterile urine. No neurological signs. a Cystogram showing enormous bladder
capacity but no reflux. b Intravenous urogram showing very slight upper tract dilatation
only. Good progress without operative interference at first; later plication of bladder required

I1. Bladder Neck Obstruction

Having set out the conditions which are not examples of this disease, it remains
to enquire if there are any children in whom the diagnosis of bladder neck ob-
struction can properly be made. In adults the disorder is encountered with some
regularity and the efficacy of bladder neck resection seems to confirm the correct-
ness of the diagnosis; it might therefore be anticipated that a few cases would be
seen during childhood. It would be reasonable to search for such cases amongst
boys with enuresis accompanied by bladder trabeculation and residue, or those
with vesical diverticula, with reflux or with chronic retention. The minor degrees
of the disorder might be diagnosed by hydrodynamic studies, which have been
shown by TURNER-WARWICK et al. (1973) to be reliable indicators in adults, but
as discussed in Chapter R the diagnosis of bladder neck obstruction in enuretics
has been difficult to establish by similar methods (GtERUP and ERricsson, 1971)
and bladder neck resection has given disappointing results. It cannot be safely
denied that this form of obstruction causes enuresis, but it would probably be
wiser to confine treatment to medical methods.
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Children with diverticula, as described in the next section, fall into two cate-
gories, those who have one or two relatively large diverticula with an otherwise
normal bladder and those with multiple diverticula accompanied by generalised
detrusor hypertrophy (Fig. 115). In the latter cases it is certainly justifiable to
consider the diagnosis of bladder neck obstruction. In reflux cases there is no
doubt that a few children without evident urethral obstruction have trabeculated
bladders, though whereas in 1965 the present author (WiLLiams and ECKSTEIN,
1965) reported that bladder neck revision was performed in 27 per cent of operations
for reflux prevention, in common with most urologists this figure has dropped pro-
gressively over the years without any ill consequences. WooDROW and MARSHALL
(1971) continue, however, to regard the procedure as of value. There remain the
cases of chronic retention without diverticulum, but these must be extremely
rare and on a retrospective view, and taking into consideration the alternatives
set out in the previous section and adding the criterion that improvement must
follow bladder neck resection, the author was only able to find 4 boys and one
girl (Fig. 113) in his practice to whom the diagnosis of bladder neck obstruction
might properly be applied. Similar views are expressed by CENDRON and LEPINARD
(1972).

The more satisfactory method of diagnosis by pathological examination has
not so far been achieved. The earlier reports of submucous fibrosis at the bladder
neck in obstructed cases have not been confirmed; most investigators find only
muscle tissue in resected specimens. Bobp1an (1957) described a condition of fibro-
elastosis of the urethral wall which he believed responsible for Marion’s disease,
though in fact the changes which he demonstrated occurred in the lower part of

Fig. 113. Bladder neck obstruction in a girl presenting with retention and uraemia. No neuro-

logical signs. Cystogram shows trabeculated bladder with a narrow bladder neck and a normal

distal urethra. Reflux on the left side only. Normal bladder function with complete continence
restored by bladder neck Y-V plasty with reimplantation of left ureter
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the posterior urethra extending down into the bulb and there was no satisfactory
correlation with obstruction at the bladder neck. Youne (1972) mentions 8 cases
(4 male and 4 female) in whom dense fibro-elastosis of the bladder neck was the
principal histological finding, and it is clear that further studies of this type are
required. TURNER-WARWICK et al. (1973) believe that bladder neck obstruction
is due primarily to ‘dyssynergia’: inco-ordination between detrusor contraction
and sphincter relaxation, and that the bladder neck hypertrophy usually observed
is secondary to the generalised detrusor hypertrophy. No specific local pathology
is therefore to be expected.

ITI. Bladder Neck Resection

Operative or endoscopic revision of the bladder neck, which is specific for
bladder neck obstruction, may also be performed for neuropathic or atonic bladder,
or to relieve the pressure on the upper tract in severe reflux cases. The classical
procedure of posterior wedge excision seems logical in cases where there is a distinct
and firm bar posteriorly, and a similar procedure may be performed endoscopically.
The anterior vesico-urethroplasty (Youna and NEIBEL, 1958) has often been pre-
ferred in childhood and eliminates the rare but tiresome complication of vesico-
vaginal fistula which can follow posterior excision whether open or endoscopic.
Any type of revision may at times be followed by incontinence of the stress type,
particularly in boys, even though the original procedure does not appear to have
been extensive. Incontinence following the anterior plastic operation is easy to
correct by reconstituting the original bladder neck, but posterior or circum-
ferential excision with loss of tissue presents a much more difficult problem:
even a rare case of this type is enough to discourage the urologist from undertaking
bladder neck revision on anything but the most unassailable indications. Retro-
grade ejaculation, and thus sterility, is a possible complication of all forms of
bladder neck revision. OCHSNER et al. (1970) found it in 33 per cent of 21 adults
with a long follow-up after childhood operation; this risk, which does not appear
to be preventable by modifications of technique, emphasises the need for conser-
vative management of suspected bladder neck obstruction unless the symptoms
are severe.

IV. Vesical Diverticula

The frequent use of the micturating cystogram has made it evident that there
is no clear-cut distinction between a saccule and a diverticulum, though it is
useful to have some criterion for deciding whether a stable condition is present or
whether progress is to be expected and surgical excision therefore preferred. Both
saccule and diverticulum are essentially herniations of bladder mucosa through a
weak point in the detrusor layer, most often at the ureteric hiatus. Neither is
truly congenital, except insofar as the detrusor weakness is a defect in develop-
ment, and both vary in size with contraction and relaxation of the bladder. In
general the saccule is smaller and ordinarily remains within the intact adventitia
of the bladder; at rest there may be no herniation at all, so that the saccule is not
visible cystoscopically except on overfilling. The diverticulum is larger; it may
appear enormous during micturition since the tissues in childhood are extremely
elastic, and it never empties completely; it remains as a well defined cavity at
least 2-3 cm across when the bladder is relaxed. It is evident cystoscopically as a
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black hole. On this definition a saccule does not require excision except insofar
as it interferes with the lower end of the ureter, whereas a diverticulum will almost
certainly enlarge and cause some symptoms at some stage: it is better removed.

In the obstructed bladder multiple saccules are common, but large diverticula
rare (Fig. 114). In the absence of obstruction solitary or bilateral symmetrical
diverticula are seen, which STEPHENS (1963) finds to be due to a localised muscular
defect. In both types of diverticula boys are affected very much more often than
girls, and in a series reviewed by the present author there was only one girl
amongst 49 cases. In 23 of the children there was no evidence of outflow obstruc-
tion; in 8 there was a definite urethral lesion causing obstruction and in the re-
maining 18 generalised detrusor hypertrophy with an apparently normal urethra
led to the diagnosis of bladder neck obstruction (Fig. 115). All neuropathic bladders
were excluded from this series. CENDRON and ArAIN (1972) find that most diver-
ticula in childhood are not associated with bladder outflow obstruction.

A simple solitary diverticulum may be present for years without causing symp-
toms, but most ultimately become infected: the symptoms are then severe and
often accompanied by haematuria. A large low placed diverticulum occurring in
the infant male may be the cause rather than the result of retention of urine: as
shown in Fig. 116 the sac enlarges downwards into the pelvis as it fills. During
bladder contraction it stretches the urethra and compresses it, so that ultimately
urine flows more easily into the diverticulum than down the urethra.

A saccule or diverticulum at the ureteric hiatus has certain special features
(Fig. 117), not only is it intimately connected with the terminal ureter but it Lies
within the adventitial layer of Waldeyer’s sheath. Outward displacement of the
ureter with herniation of the saccule destroys the valvular effect of the intra-

Fig. 114. Vesical diverticulum with urethral valve. Cystogram in a boy with urinary infection
and bilateral hydronephrosis showing large left vesical diverticulum. Urethral valvular ob-
struction but no reflux
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a b

Fig. 115. Multiple diverticula with possible bladder neck obstruction. Boy with haematuria.
Cystogram showing multiple diverticula, a somewhat narrow bladder neck but a normal
urethra

Fig. 116 Fig. 117

Fig. 116. Solitary vesical diverticulum compressing urethra. Male infant presenting with

retention of urine. Cystogram performed through low suprapubic cystostomy showing a

trabeculated bladder, enormous posterior diverticulum impinging upon the upper urethra.
No intrinsic urethral abnormality

Fig. 117. Para-ureteric diverticulum. Boy presenting with recurrent urinary infection but no
difficulty in micturition. Cystogram showing normal bladder and bladder outflow, large para-
ureteric diverticulum. No reflux
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mural ureter and facilitates reflux (Fig. 118), but ureteric obstruction is also com-
mon, perhaps as a result of lack of muscle tissue in the common wall of ureter and
saccule, perhaps because of compression.

Diverticula in children are usually easily excised since they present before in-
flammatory adhesions have rendered their dissection difficult. The large solitary
diverticula are best excised from outside the bladder, the para-ureteric saccules
and diverticula most easily from within. In the latter case it will, of course, be
necessary to re-implant the ureter after reconstitution of the detrusor layer.

Certain conditions in children must be distinguished from true diverticula. In
males under the age of six months there may be bladder pouches placed antero-
laterally in relation to the inguinal ring: these have been named ‘‘bladder ears” by
ArpEN and CoNpoN (1961), though this term is also applied to lateral pouches in
the flaccid female bladder. The pouch related to the inguinal ring will be distin-
guished by its position and the absence of any neck to the sac; it will disappear
spontaneously with time (Fig. 119). Another condition called by STEPHENS (1963)
“the wide mouthed diverticulum” is a saucer-shaped depression postero-lateral
to the ureteric orifices, occurring particularly in girls with large atonic bladders
(Fig. 120). The depressed area is covered by a thin layer of muscle and bulges

Fig. 118 Fig. 119

Fig. 118. Para-ureteric diverticula with obstruction and reflux. 1 year old boy presenting

with renal failure. Micturating cystogram shows complete bladder emptying but large bilateral

para-ureteric diverticula with slight reflux into the lower ends of enormously dilated ureters.
Pressure measurements confirmed obstruction to downflow of urine

Fig. 119. Transitory pseudo-diverticula in a male infant. Cystogram showing pouches related
to inguinal canal which disappeared spontaneously after a year
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during micturition. It does not remain full when the bladder is empty, however,
and its role in perpetuating infection is somewhat doubtful. It can, if necessary, be
treated by plication of the muscle layer. Finally, in association with multiple ab-
normalities, the bladder may be loculated, wide pouches being covered by normal
or even thickened layer of muscle. True duplications of the bladder occur from
time to time, sometimes with obstruction to one side, but sometimes with normal
function of both elements (Fig. 121).

Fig. 120 Fig. 121

Fig. 120. “Wide mouthed diverticulum”. Cystogram in a girl with recurrent urinary infection
showing out-pouching of the bladder on the left side but no reflux

Fig. 121. Double bladder. Cystogram showing two unconnected bladders with complete
urethrae
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I. Introduction

The causes of urethral obstruction in the child are very numerous, and in this
chapter posterior urethral valves are selected as the main topic of discussion being
the most common severe congenital lesion. Other intrinsic disorders of the male
urethra are summarised at the end of the chapter together with some rare con-
ditions of the female urethra. Reference should also be made to the chapter on
ectopic ureteroceles as a cause of obstruction in both sexes, and to the section on
lower urinary tract tumours which may well be obstructive.

II. Pathology of Urethral Valves

The classical description of the pathological anatomy as given by Youne et al.
(1919) has dominated all further discussion of this subject, though it has gradually
become clear that his Type I is the only important variety encountered. Young’s
Type II, in which apparently obstructing folds run upwards from the verumon-
tanum towards the bladder neck, appears to be something of a misconception
since these ridges are, in fact, a secondary consequence of the excavation of the
posterior urethra resulting from distal obstruction and the ridges themselves
cannot be obstructive. Nevertheless, the usual diagram of Young’s Type I does
give a somewhat erroneous impression since it emphasises two folds springing
from the lower end of the verumontanum and passing outwards to the lateral wall
of the urethra, whereas in fact these two folds unite with one another anteriorly.
The valve would be better described as a flap of mucosa on the anterior wall
leaving a small slit for the urethral opening posteriorly below the verumontanum.
(Fig. 122). This view of the anatomy is clearly shown by lateral urethrograms
during micturition (Fig. 123), whereas the endoscopic view inevitably emphasises
the lateral elements rather than the more important anterior element which is
difficult to visualise. The practice of exposing the valves in post mortem speci-
mens by opening the urethra through an anterior longitudinal incision has also led
to an exaggerated impression of the lateral elements in the valve, RoBERTSON and
Haygs (1969), by unroofing the urethra, have demonstrated the almost diaphrag-
matic nature of the valve, and it is clear that Young’s Type III was, to some ex-
tent, a recognition of this anatomy.

The degree of obstruction produced by the valve is variable, but there is also a
range of variation in the secondary changes in the urinary tract above the valve.
In some the urethra is very grossly dilated leaving the bladder neck relatively
narrow, in others the bladder neck itself almost disappears due to dilatation. The
hypertrophy of the trigone which accompanies the obstruction sometimes results
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in elongation of the intramural ureter and therefore in very effective reflux pre-
vention, so that high pressures can be reached in the bladder and in the ureters
without reflux. At other times the ureteric orifice is involved in a para-ureteric
saccule, and in these circumstances the ureter may reflux or may be obstructed. At
times a relatively mild urethral obstruction is accompanied by saccule formation
with severe ureteric obstruction so that the complication can be rather more
serious than the primary lesion. The ureters are always dilated in any case pre-
senting in infancy, but the degree of dilatation, the degree of tortuosity and the
sclerosis of the ureteric wall vary very considerably even at birth before any
possible infection has occurred. The prognosis of urethral valve cases depends as
much upon the state of the ureters as upon the state of the bladder. Renal damage
may be due to hydronephrosis or pyelonephritis, but also to the cystic dysplasia
of a kidney which has been mentioned in Chapter F as a complication of obstruc-
tion, usually with reflux (Fig. 26). The overall incidence of dysplasia is probably
not very high, its importance having been exaggerated by the fact that it is most
likely to be seen in autopsy cases and nephrectomy specimens where a functionless
kidney has been removed.

IT1. Presentation

Severe cases of obstruction present in infancy, mild ones often in later child-
hood. In the series reported by WiLLiams et al. (1973) half were under the age of a
year and one third under three months when they reached hospital. In the infants
the signs were usually those of renal failure with vomiting, dehydration and failure
to thrive, or perhaps a bowel disturbance. These were found to have a raised blood

Fig. 122 Fig. 123

Fig. 122. Posterior urethral valves. Post mortem specimen of a neonate dying on admission
to hospital. The saggital section shows the obstructive anterior part of the urethral valvular
fold

Fig. 123. Posterior urethral valves. Infant with chronic retention. Micturating cystogram
shows dilated posterior urethra and obstructive valve arising from the anterior urethral wall
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urea, but in the majority of such children it was the palpation of a distended
bladder which led to further investigation. Acute retention in the sense that no
urine can be passed at all is very uncommon, but some infants present during the
first days of life with an extremely tense bladder and evidence of acute obstruction
in the upper tract, whereas others have a lax, distended, and easily overflowing
bladder. Nevertheless, in some examples the bladder appears to be able to com-
pensate for urethral obstruction by massive hypertrophy; it empties with a rea-
sonably good stream but produces severe upper urinary tract dilatation, and para-
doxically therefore these cases with little micturition disturbance may have very
advanced renal damage (Fig. 124). Renal rather than vesical enlargement is charac-
teristic of some of these cases. Palpable kidneys are found with infection and
oliguria where there is often massive oedema of the renal parenchyma and in-
cipient abscess formation. A cystic swelling in the kidney is also seen from time to
time: in one case WILLIAMS and MINNINBERG (1968) interpreted the cyst as hydro-
calicosis, but in others it has appeared to be a simple cyst which, when uncapped,
has left a relatively healthy kidney.

Some children with urethral obstruction present with abdominal enlargement
due to intestinal distension rather than a full bladder. Not infrequently such
children have had a barium enema investigation for suspected intestinal disorder
before the urinary obstruction is suspected. In these cases there appears to be
oedema of the posterior abdominal wall around infected dilated ureters, causing a

Fig. 124. Posterior urethral valves. Infant presenting with enlarged abdomen due to intestinal

distension, raised blood urea and severe renal failure. Micturating cystogram shows partially

contracting bladder with enormous dilatation of the posterior urethra above a valvular
obstruction
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secondary ileus. On very rare occasions the distension can be due to urinary
ascites, a rare complication occurring in neonates with obstruction at any level in
the urinary tract, or even with neuropathic bladder (Howar, 1971). It may result
from a small perforation in the bladder (LEONIDAS et al., 1970) or from a leak
through the renal substance, usually starting as a perinephric extravasation and
later bursting through into the peritoneum. The rapid accumulation of urine in the
peritoneum is accompanied by a low output from the bladder and a rapidly rising
blood urea with wild electrolyte disturbances; although only occurring in severe
disorders it can be controlled by upper tract drainage, or even by urethral cathe-
terisation, and no specific repair is required.

In older children urinary incontinence is one of the common modes of presen-
tation: it is seldom a purely nocturnal enuresis but usually a daytime incontinence
with poor stream and progressive deterioration.

Asin all forms of severe urinary obstruction a few children are first investigated
for retardation of growth and have no specific complaints.

IV. Diagnosis

The diagnosis is reached in almost all cases by intravenous urography and mic-
turition cysto-urethrography. The latter should be performed without anaesthetic
wherever possible, and where voluntary micturition is impossible a fine urethral
catheter is passed and the bladder filled until contractions occur. In the majority
there is no doubt about the presence of an obstructive valve (Fig. 125), but

a b

Fig. 125a and b. Posterior urethral valves. Infant with recurrent infection. Micturating
cystograms a before, b after valve ablation, showing the change of urethral outline. Vesico-
ureteric reflux persists after operation
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occasionally in the older enuretic child with a normal intravenous pyelogram there
is some uncertainty as to whether folds of mucosa, often crossing the urethra trans-
versely, are obstructive or not. Conscious voiding cine studies are of great value in
this decision since the hold-up is then evident from the temporary dilatation above
the fold. Measurements of voiding flow rate and pressure studies may also be
helpful. In the differential radiological diagnosis other forms of urethral obstruc-
tion should be borne in mind as well as the bladder disorders discussed in the pre-
vious chapter.

V. The Infant Emergency

The most serious cases of urethral valvular obstruction present in early in-
fancy, and it is in these that there can be a significant mortality. Even in the neo-
natal period, however, there is a considerable variation in the severity and the
reversibility of renal damage. Urine formation starts somewhere about the third
month of foetal life and in many instances urethral valvular obstruction has caused
gross upper tract changes before birth, but it is probable that the rate of urine flow
rises very considerably in the few days immediately after birth and a lesser degree
of obstruction may be rendered more acute at this time. Some babies have, there-
fore, a very tense bladder with acute hydronephrosis, shown radiologically as a
nephrogram, which is relatively reversible; others have chronic changes for which
very long term measures must be planned. On admission an infant with evidence
of bladder outflow obstruction should have as a matter of urgency a very full in-
vestigation from the clinical, biochemical and radiological standpoints. The pro-
gramme of medical management, emergency drainage and definitive surgery, must
be carefully integrated, since the chances of survival from any operation are
greatly enhanced if the biochemical state is first corrected. The co-operation of a
paediatric nephrologist is therefore essential to the proper management of these
cases.

If the child’s condition on admission is good, hydration adequate and the
blood urea less than 150 mg/100 ml, then short term catheter drainage and early
operative resection of valves may be planned. If the baby’s condition is poor,
management must depend upon his reaction to emergency corrective measures
and an estimation of the capacity for improvement under long term medical
treatment. A dehydrated baby with acidosis but sterile urine can be treated by
catheterisation, re-hydration and correction of electrolyte balance while surgery
is postponed for a few days. If, however, the blood urea is high despite adequate
hydration and a low protein milk diet, then it is certain that severe renal damageis
present and that upper urinary tract drainage over a long period is likely to be
required. A child whose condition does not improve on emergency catheterisation,
or who actually deteriorates following this method of drainage, will certainly re-
quire temporary nephrostomies. A child in very poor general condition who is
already over-hydrated or has a severe electrolyte disturbance but sterile urine
can be treated by urethral catheterisation and peritoneal dialysis. In any case, the
presence of a urinary infection must favour early operative intervention; urethral
catheterisation is adequate as a short term measure, but bilateral nephrostomy
provides the best emergency drainage of the upper urinary tract.

Urethral catheterisation in male infants has at times been the cause of many
complications, but the routine use of an 8 F polythene feeding tube, or a similar
catheter, does enable this form of drainage to be used for a number of days without



212 Obstructive Uropathy: The Urethra

trouble. Drainage by a large suprapubic tube has also been responsible for infec-
tion, contracted bladder and persistent upper tract dilatation, but as an emergency
measure suprapubic puncture with the introduction of a small plastic tube has
enabled bladder drainage to be maintained for two or three days without difficulty.
Bilateral nephrostomy is a simple and efficient method of securing upper tract drai-
nage in infants. It has at times been employed as a long term drainage, but tubes
are apt to become displaced or obstructed and infection can be maintained by the
presence of a foreign body in the renal pelvis. Cutaneous ureterostomy by the loop
method is discussed later. It has been advocated as an emergency operation in in-
fants with urethral valves, but it is only appropriate where the changes are of a
chronic nature, and as already stated some of the neonates have an acute condi-
tion which is reversible by simpler measures. It is therefore to be emphasised that
the first decision in the infant emergency must be whether to proceed immediately
to valve ablation or to institute long term upper tract drainage.

VI. Operation for Urethral Valve Ablation

Endoscopic resection of the valvular tissue has been the method most often
employed for destroying the valve, and with the development of better infant
endoscopes this operation becomes progressively easier. Open operative approach
by the suprapubic route is now seldom used, but JOENSTON (1966) has advocated
perineal urethrostomy with the introduction of an otoscope through which the
valves can be visualised directly and destroyed with a small diathermy hook. Non-
operative methods have been used by some; for instance, CENDRON et al. (1969)
advocate long term urethral catheterisation lasting some weeks and relying on the
pressure from the urethral catheter to wear away the obstructing valvular tissue.
This can at times be successful, but risks the consequences of infection and of
damage to the penile urethra, and must in any case sometimes be followed by
operative measures. The danger of removing too much tissue by the resectoscope
loop has led some surgeons to prefer a simple diathermy electrode, introduced
through a urethroscope (CORNIL et al., 1971), and HENDREN (1971) uses a slender
electrode made from the stilette of a ureteric catheter to catch the valve and
destroy it. All endoscopic methods with instruments at present available encounter
some difficulty in regard to the calibre of the penile urethra in the neonatal case,
and although the use of a perineal urethrostomy can allow the introduction of
large instruments it increases the danger of infection. The present author (WIL-
L1aMS et al., 1973) has recently introduced a purely radiological method of intro-
ducing a hook electrode which can engage in the anterior flap of the valve, drawing
it down and cutting it through with the diathermy current (Fig. 126).

Some degree of stress incontinence is observed after any method of destruction
of urethral valves in the infant, but clearly this danger is greatest if the muscular
integrity of the urethra is also damaged by deep resection or if there is an asso-
ciated resection of the prominent bladder neck lip. Many endoscopists have been
so impressed by the appearance of the bladder neck that they have believed that
some obstruction must be present at that level, but it has been clearly demon-
strated (WHITAKER et al., 1971) that bladder neck resection increases the risk of
incontinence. Urinary control improves with time and growth, particularly at
puberty, but it may also be greatly assisted by the use of imipramine, indicating
that there is an element of bladder dysfunction as well as a simple sphincter weak-
ness.
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a b c

Fig. 126a—c. Posterior urethral valves. Treatment by diathermy hook electrode introduced

under radiological control. a Preliminary micturating cystogram showing hypertrophied

bladder, dilated posterior urethra and valvular obstruction. b Hook in place engaged on the

anterior aspect of the urethral valve. ¢ Cystogram immediately after diathermy destruction
of valve showing the absence of urethral obstruction

VII. Post-Operative Management

In the simple uncomplicated case where ablation of valves has been performed
and the catheter left in situ for four or five days micturition may be resumed
without difficulty, but post-operative infections are common and severe bio-
chemical disturbances have occurred in some infants. Where there has been a very
acute obstruction, often evidenced by a nephrogram in the pre-operative intra-
venous urograms, there has been a tendency to post-operative diuresis with sodium
loss, but these children have ultimately a good prognosis (Fig. 127). Other infants
have less acute obstruction but less easily reversible changes in the upper urinary
tract, and longer lasting disturbance of renal function. Sometimes careful manage-
ment by long term antibiotics, parenteral fluid or tube feeding and a low protein
diet serves to control these disorders, but persistent infection or failure of improve-
ment of renal function after operation is usually evidence of the need for further
surgery to the upper urinary tract. The efficacy of valve resection is easily
checked by repeat micturating cystogram, which will also give evidence as to the
presence or absence of reflux and of any acquired urethral abnormality, such as
stricture following long term catheterisation or frequent instrumentation.

VIII. Persistent Upper Tract Disturbance

All the infants, and a substantial proportion of the older children, have a
dilated upper urinary tract on presentation. The mild acute cases may return to
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normal after simple valve resection, but the majority have some degree of per-
sistent dilatation, even though renal function has improved. The factors preventing
complete recovery need to be analysed in some detail.

a b

Fig. 127a and b. Posterior urethral valves, neonate presenting with acute bladder distension.

a Intravenous urogram on admission. Poor visualisation of kidneys but nephrogram shadow

on the right, vague hydronephrosis on the left. b Intravenous urogram three days after valve
ablation, rapid return towards normal anatomy

1. The Funectionless Kidney

Asymmetrical upper tract damage is a feature of many valve cases. Quite fre-
quently one kidney is virtually without function at birth, or at least by the time
the child presents for treatment, sometimes in association with unilateral reflux
with more severe damage to the refluxing kidney. It is evident that such a func-
tionless kidney is of no value to the child and should be removed. Complete ab-
sence of function is hard to prove, however, unless upper tract diversion has been
established, since radiologically it is obscured by reflux. It is important to bear in
mind the possibility that a refluxing kidney is functionless since great benefit will
follow nephro-ureterectomy while nothing but harm will come from attempts to
reconstruct the ureter. In the series reported by WiLLiams et al. (1973), of 172 boys
24 ultimately had a nephrectomy. Dysplastic changes were frequently found
amongst the functionless kidneys.

2. Reflux

In the series referred to, reflux was present in 44 per cent of boys at presen-
tation, 16 per cent bilateral, 28 per cent unilateral. It ceased spontaneously after
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valve ablation in approximately one third of these cases, and the review did not
show that reflux was such a serious complication as might have been anticipated;
the difference between children with and without reflux was not so remarkable.
The mortality was, in fact, lower in the refluxing group, but the pre-operative in-
fection rate was somewhat higher and the nephrectomy rate was also higher. This
review suggests reflux alone is not an indication for immediate ureteric surgery in
valve cases and that an opportunity for spontaneous recovery should be allowed
where upper tract dilatation is not too enormous. Where reflux is accompanied by
persistent urinary infection and deteriorating renal function a reconstructive
operation or a diversionary procedure will be required.

3. Uretero-Vesical Obstruction

If, following the restoration of efficient bladder emptying, a non-refluxing
ureter remains considerably dilated the cause may lie in a failure of the ureteric
peristaltic function, the presence of obstruction at the uretero-vesical junction or,
possibly, in “bladder hypertension’, seen where a massively hypertrophied blad-
der, although capable of emptying efficiently, retains ordinary volumes of urine
at extraordinarily high pressures. Some degree of peristaltic failure is common to
all grossly dilated ureters, since although they still possess active musculature the

a b

Fig. 128a and b. Posterior urethral valves (post-op.). a Intravenous urogram showing

dilatation of ureters and calices persisting despite normal bladder function. b Intravenous

urogram two years later showing substantial recovery of caliceal pattem and improvement
of ureteric dilatation
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propulsive contractions no longer obliterate the lumen and therefore fail to propel
the urine forward. The slightest increase of resistance at the uretero-vesical junc-
tion is therefore effective in maintaining stasis in the ureter. In most such instan-
ces some amelioration over the years may be anticipated (Fig. 128), and a child
whose renal function is improving and whose urine remains sterile should not be
subjected to ureteric surgery solely on account of the appearance of tortuous di-
lated ureters. Pressure flow measurementsin the upper urinary tract by the method
described by WHITARER (1973) will show that in these cases of dilatation flows
of at least 10 ml per minute may be maintained without significant pressure rise.

A uretero-vesical obstruction secondary to any form of bladder outflow ob-
struction could be due to elongation of the intramural ureter with pressure from
the surrounding hypertrophied detrusor, or to the involvement of the ureter in a
para-ureteric saccule. In the author’s experience a saccule has usually been found
in most of the clear-cut cases of obstruction in which perhaps there has been
deterioration of the upper tract after correction of the bladder function (Fig. 129).
The lower end of the ureter in these examples is closely bound to the saccule,
sharing a common adventitia and often lacking any substantial muscle coat. It is
not clear why some such ureters reflux without obstruction and some are obstructed
without reflux, but it does appear that in a few reflux can be accompanied by ob-
struction to the downward passage of urine. All forms of uretero-vesical obstruc-
tion will be associated with high pressure in the ureter on perfusion or during
diuresis; such high pressures result in persistent or increasing dilatation of the
renal calices and are an indication for early operative interference, whether by
drainage or by reconstruction of the terminal ureter.

By contrast Fig. 130 illustrates a case of a dilated ureter in which there was
no rise of pressure when perfused at 10 ml/min. and in which re-implantation
would have been of no avail. However, this type of ureter is extremely susceptible
to slight rises in bladder pressure: being atonic and unable to raise its intraluminal
pressure in the lower ureteric segment. Urine cannot easily be forced into the full
bladder, and even in the absence of reflux a small rise in intravesical pressure pro-
duces an immediate damming back and a rise in pressure in the renal pelvis.

IX. Cutaneous Ureterostomy and Vesicostomy

Free drainage on to the skin surface enables the renal function to recover to
the maximum and allows easy control of urinary infection. A number of papers
have attested the value of this procedure in uraemic infants (e.g. LEAPE and HoL-
DER, 1970, and FEIN et al., 1969). Cutaneous ureterostomy, usually performed by
the loop procedure, has therefore an important place in the management of the
infant with urethral valves, particularly when a urinary infection is present. As
performed by JorNSTON (1963), the method consists of mobilising a high loop of
ureter, bringing it up to the skin and reconstituting a skin bridge beneath it; the
ureter is then opened laterally and allowed to drain freely. It is important that a
high loop should be chosen so that there are no kinks or obstruction above it, but
it must not be too tight. Such a loop cannot easily stenose its opening and is there-
fore very suitable for long term drainage; it does, however, require an operation to
close it with excision of the exteriorised loop and end to end anastomosis of the
ureter. In the operation described by PERLMUTTER and TANK (1968) the ureter is
brought to the surface and incised laterally. The ureteric opening is then stitched
to the skin incision without any bridge behind it to keep it in place. This type of
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stoma can stenose, but it is easily replaced without excision of any length of the
ureter. Similarly, a cutaneous pyelostomy may be undertaken (IMMERGUT et al.,
1969) in any grossly dilated renal pelvis which may, in the infant, be rotated out-
wards, opened longitudinally and stitched to the skin.

[

Fig. 129a—c. Persistent ureteric obstruction due to saccule involvement following success-

ful ablation of valves. a Intravenous urogram three months after valve resection. b De-

scending ureterogram after nephrostomy drainage. ¢ Intravenous urogram six months after
re-modelling and re-implantation of ureters
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The institution of cutaneous ureterostomy drainage has often a dramatic
effect in improving the general condition of the infant and allowing normal renal
growth during the first year of life, but it leaves considerable problems in recon-
struction, and not infrequently reconstitution of the urinary tract proves im-
possible, so that the infant is left with the need for permanent diversion by ileal
loop. The defunctioned bladder may become contracted: in a series analysed by
LoME et al. (1972) 6 out of 21 suffered this change, mostly those with considerable
inflammation of the bladder wall. Such contraction may be reversible if the urine
is again allowed to flow in, but it may leave a condition of ‘‘bladder hypertension”
and cause upper tract damage. If the ureter allowed reflux before ureterostomy it
is likely to continue to reflux, and some sort of preventative procedure is required
if restoration of continuity is going to be re-established. The Gregoir operation
(see p. 172) is most suitable in these cases since it does not involve interruption of
the ureteric blood supply, which may already have been jeopardised by the

Fig. 130. Posterior urethral valves. Persistent
ureteric dilatation. Antegrade pyelogram
outlining a hydronephrotic kidney. Grossly
tortuous and dilated ureter but no pressure
rise on perfusion and free flow of opaque medi-
um into the bladder
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cutaneous ureterostomy. Because of the need to do a reflux preventing procedure
at the time of reconstruction the present author employed a terminal ureterostomy
as initial diversion in a number of cases, the ureter being divided at the bladder
level and brought down directly on to the surface. This did not give such satis-
factory drainage as the loop ureterostomies because of the tortuous dilated ureter
above the opening and because the terminal stoma is more apt to stenose than the
loop. LomE and WirLiams, (1972) analysed the results of restoration of continuity
in cutaneous ureterostomy and found that in general the loop could be most easily
closed. With a view to obtaining the benefits of free drainage by cutaneous
ureterostomy without completely defunctioning the bladder the Y type of ureter-
ostomy was suggested by SoBER (1971). In this procedure the ureter is cut across
sufficiently far below the pelvi-ureteric junction to enable the proximal end to be
brought out as a terminal cutaneous ureterostomy, while the distal end is anasto-
mosed to the renal pelvis. The urine has therefore the possibility of flowing di-
rectly out on to the surface or down into the bladder, and at a subsequent operation
closure is very easily effected by excision of the cutaneous limb of the Y. In the
author’s experience this has been most satisfactory in older children with con-
siderably dilated ureters, but less effective in the uraemic neonatal case where the
upper part of the ureter is often not grossly dilated but extremely tortuous, and
the terminal stoma formed there is apt to retract and stenose.

In infants with a considerable bladder capacity a temporary vesicostomy is
simple and may give adequate drainage, though the problem of tortuous and
possibly obstructed ureters remains.

X. Re-Modelling and Re-Implantation of the Ureters

In recent years HENDREN (1970) has been a particular advocate of immediate
reconstruction of the upper urinary tract in valve cases, and reference should be
made to his work for full details of the procedure employed. The method has con-
siderable attractions in the avoidance of any long term drainage system and in the
relative immunity from infection which should be obtained by an efficiently
emptying urinary tract. It can be performed with advantage in the older children
without advanced renal failure and in whom infection has already been controlled,
but in the author’s opinion the risks in the neonatal case are very great and the
theoretical advantage of immunity from infection not always obtained. Published
results in this respect are often misleading since good results are more apt to be
reported than bad, and in a great many centres it has been found that the re-im-
plantation of severely dilated ureters into the grossly hypertrophied and sacculated
bladder carries a high risk of secondary obstruction or persistent reflux. From the
preceding discussion it will be clear that many urethral valve cases at all ages can
be treated adequately by valve resection alone, with or without preliminary ne-
phrostomy drainage. The indications for surgery on the ureter should therefore be
either demonstrable uretero-vesical obstruction or persistent reflux with dilatation
of the ureter and ineradicable infection: the choice in surgical intervention lies
between cutaneous ureterostomy with later reconstruction as already described,
which is certainly a safer method for those urologists without considerable ex-
perience of infants, and immediate re-modelling and re-implantation as described
by HENDREN (1970).
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XI. The Results of Treatment

Some mortality is almost inevitable in any large series of urethral cases due to
the severity of the renal damage before birth. In the series reported by Wirriams
et al. (1973) 28 out of 172 children had died: it was clear that the mortality was
almost confined to those presenting under the age of three months and to the
earlier years of the series. The causes of death are sometimes difficult to identify,
but there is no doubt that uncorrected biochemical imbalance has resulted in
death from surgical procedures and that infective complications have tipped the
balance against an infant with already gross abnormalities of the upper urinary
tract. In the author’s clinic the mortality has fallen sharply within recent years
because paediatricians have referred cases at an earlier stage, medical management
of the biochemical disturbance has been more effectively performed and anti-
biotic control of the infection has been more efficient. The survival of the neonatal
emergency case will, however, leave a number of children with severely impaired
renal function who will almost certainly come to a renal substitution programme
in later childhood or adolescence.

XII. Other Urethral Anomalies

A wide variety of urethral lesions may at times be responsible for obstructive
uropathy; meatal stenosis and acquired urethral stricture (DEVEREUX and WiL-
LiAMS, 1972) are well known and require no further comment. The solitary urethral
polyp arising from the region of the verumontanum (see p. 316) but freely mobile
from the bladder neck to the bulb of the urethra, is an occasional cause of urinary
obstruction. Urethral duplications and diverticula are sometimes associated with
an obstruction, and since the classification of these disorders has become clearer
as a result of radiological studies in the last few years their pathological anatomy
is briefly outlined here. The obstructions which they cause are seldom so severe as
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