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Foreword 

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

The personal views expressed in this work are based upon experience at The 
Hospital for Sick Children, Great Ormond Street, at St. Peter's and St. Paul's 
Hospitals, and at the Institute of Urology, University of London. I am deeply 
indebted to a11 my co11eagues and assistants at these institutionR for their help 
and co-operation both in the treatment of cases and in the preparation of this 
volume. I would particularly wish to thank Mr. T. T. TWISTINGTON HIGGINS 
for introducing me to the urology of childhood, Drs. M. BODIAN, R. C. B. PUGH 
and L. L. R. WHITE for their assistance in matters of pathology, and for preparing 
specimens for illustration, Dr. \V. W. PAYNE for his advice on biochemistry, Dr. 
I. A. B. CATHIE for notes on nuclear sexing, Dr. BERNARD SCHLESINGER and 
Dr. P. R. EVANs for correcting the chapters concerned with renal disease, and 
Dr. SNAITH for guidance in endocrinology. I must further acknowledge the 
indispensable assistance which I have received from the Departments of Medical 
Illustration at The Hospital for Sick Children, and at The Institute of Urology 
in the preparation of illustrations. For permission to reproduce figures first 
published in their journals, I am indebted to the Editors of The British Journal 
of Urology (Figs. 28, 133, 134), The British Medical Journal (Fig. 59), The 
British Journal of Radiology (Figs. 54, 55, 62) and to Butterworths Medical 
Publications (Fig. 42). 

London, 31st August, 1957 D. Innes Williams 



Contents 
Page 

A. Introduction ....... . 1 
I. The basic requirements for paediatric urology. . 1 

11. The nature of genito-urinary disease in children 2 
In. Urological investigations 3 

1. Collection of urine specimens 3 
2. Radiological investigations 3 
3. Endoscopy . . . . . . . . 7 
4. Cystometry. . . . . . . . 8 

IV. Management of surgical cases . 8 
V. Fluid and electrolyte balance in infants 10 

B. Congenital abnormalities of the upper urinary tract 12 

I. Renal agenesis . . . . . . . . . . . . . . 12 
11. Renal hypoplasia ............ 13 

1. Dysplastic kidney with obliterated ureter . 13 
2. Dysplastic kidney with patent ureter. 13 
3. The miniature kidney . . . . . . 14 

111. Cystic disease of the kidneys ...... 17 
1. Congenital polycystic disease. Infantile form 17 
2. Congenital polycystic disease. Adult form . . . . . . . . . . . . . . 18 
3. Cystic changes in hypoplastic kidneys and accompanying lower urinaryob-

struction . . . . . . . . . . . . 19 
4. Multicystic kidneys . . . . . . . . . . . . . . . . . . . . 20 
5. Simple serous cysts (solitary cysts) ............. 21 
6. Multi-Iocular cysts (cyst-adenoma) . . . . . . . . . . . . . . 21 
7. Cystic disease with hydronephrosis and pelvi-ureteric obstruction 21 
8. Pyelogenic cysts. . . . . . . . . 22 

IV. Malrotated, fused and ectopic kidneys. 22 
1. Simple malrotation.. 22 
2. Horse-shoe kidney. . . . . . . . 22 
3. Crossed ectopia . . . . . . . . . 24 
4. Pelvic ectopia. . . . . . . . . . 24 

V. Hydronephrosis due to congenital pelvi-ureteric obstruction 24 
1. Incidence. . . . . . . . . . . . . . . . 24 
2. Pathology. . . . . . . . . . . . . . . . 24 

a) Obstruction due to aberrant renal vessels 25 
b) Kinks and adhesions 25 
c) High insertion of the ureter 26 
d) Stenosis . . . . . . 26 
e) "Unrolled" kidney. . 26 
f) Functional disorders 26 

3. Clinical features . . . . 27 
4. Radiological diagnosis . 28 
5. Treatment and prognosis 32 

VI. Congenital ureteric stricture, hypoplasia and valves 34 
VII. Duplications of the ureter . 35 

1. General 35 
a) Incidence . . . . . 35 
b) Anatomy .. . . . 35 
c) Complications ... , . . 38 

01:) Recurrent urinary infection 38 
ß) Pain . . . . . 38 
y) Hydronephrosis 38 
~) Hydro-ureter . 39 
8) Hypoplasia . . 39 



VIII Contents 

2. Blind-ending duplications . 
3. Supernumerary kidneys. . 
4. Caudal bifurcation. . . . 
5. Triplications of the ureter. 

VIII. Ectopic ureters .. . . . . 
1. General ..... . 
2. Urethral ectopia in the female. . . . . . . . 
3. Urethral and genital tract ectopia in the male . 
4. Ectopic ureterocele 

a) Änatomy 
b) Symptoms 
c) Diagnosis 
d) Treatment 

5. Vaginal and vestibular ectopia 
a) Anatomy 
b) Symptoms 
c) Diagnosis 
d) Treatment 

IX. Ureterocele and ureteric prolapse. 
X. Retrocaval ureter. . . . . . 

C. Hydro-ureter and mega-ureter 

I. Normal ureteric function . . 
11. Radiography and other investigations 

III. Vesico-ureteric reflux. . . . . . . . 
IV. Hydro-ureter in bladder disorders 
V. Hydro-ureter in other reno-ureteral abnormalities 

VI. Infections . . . . . . . . . . . . . 
VII. The mega-ureter-megacystis syndrome .... 

1. Pathology. . . . . . . . . . . . . . . . 
2. Clinical, radiological and endoscopic findings 
3. Diagnosis . . . . 
4. Management . . 

VIII. Simple mega-ureter 
1. Pathology. . . . . . . . . . . . 
2. Clinical, radiological and endoscopic features 
3. Management . . . . . . . . . . . . . . 

D. Congenital abnormalities of the lower urinary tract 

I. Urachal anomalies . . . . . . . 
1. Urinary fistula at the umbilicus 

a) Pathology .. 
b) Clinical picture . . 
c) Treatment . . . . 

2. Urachal cysts . . . . 
3. Urachal diverticulum . 
4. Blind external fistula. 

II. Rare vesical malformations 
1. Agenesis of the bladder. . 
2. Duplications of the bladder 

a) Complete reduplication 
b) Incomplete reduplication 
c) Sagittal septum 
d) Frontal septum. 

3. Hour-glass bladder 
4. Cysts of the trigone 
5. Trigonal curtains . . . 
6. Congenital vesico-vaginal fistulae 

Page 

39 
40 
40 
41 

41 
41 
41 
42 
43 
43 
44 
44 
45 
45 
46 
46 
46 
48 

48 
51 

51 

51 
52 
53 
54 
56 
57 
57 
57 
58 
60 
60 
61 
61 
61 
64 

65 

65 
66 
66 
66 
66 
66 
66 
67 

67 
67 
67 
67 
67 
67 
67 
67 
68 
68 
69 



Contents 

III. Vesical diverticula . . . . . . . . 
1. Pathology. . . . . . . . . . . 
2. Clinical and radiological features 
3. Treatment . . . . . . . . . . 

IX 

Page 

69 
69 
71 
72 

IV. Bladder neck obstruction and urethral fibro-elastosis 72 
1. Definition 72 
2. Pathology 74 
3. Symptomatology 74 
4. Diagnosis . . . . 75 
5. Treatment . . . 76 

V. Urethral obstructions . 78 
1. Congenital obliterations of the urcthra . . . . . 78 

a) Obliterations at the level of the bladder neck. 78 
b) Obliteration of the membranous urethra 79 
c) Obliterations of the penile urethra 79 

2. Urethral diaphragms and strictures 79 
3. Posterior urethral valves 81 

a) Pathology . . . 81 
b) Clinical features. . . 82 
c) Diagnosis . . . . . 83 
d) Treatment . . . . . 84 

4. Anterior urethral valves. . . . .. .... 85 
5. Hypertrophy of the verumontanum and other rare obstructions 86 

VI. Urethral diverticula and duplications 87 
1. Congenital urethral diverticula . 87 
2. Megalo-urethra . . . . . . . . 88 
3. Duplications of the urethra . . . 88 

VII. Malformations associated with absent abdominal muscles 89 
1. Definition . . . . . . 89 
2. Urinary tract pathology 89 
3. Clinical picture . . . . 90 
4. Treatment . . . . . . 91 

VIII. Malformations associated with anal atresia: persistent cloaca 91 
l. In the male. . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 

a) Imperforate anus with a perineal fistula extending into the scrotal or 
penile raphe . . . . . . . . . . . . . . 92 

b) Imperforate anus with recto-urethral fistula 92 
c) Imperforate anus with recto-vesical fistula 94 

2. In the female . . . . . . . . 94 
3. Complex malformations 95 
4. Upper urinary tract anomalies . 96 

IX. Ectopia vesicae and epispadias . 96 
1. Ectopia vesicae . . 96 

a) Anatomy 96 
b) Clinical features. 97 
c) Management . . 99 

a) Reconstructive surgery 99 
ß) Urinary diversion 100 

2. Epispadias . . . . 102 
a) Anatomy 102 
b) Clinical features. 102 
c) Treatment . . . 103 

3. Ectopia cloacae . . 103 

X. Hypospadias and allied disorders . 104 
1. Hypospadias 104 

a) Incidence 104 
b) Anatomy 104 
c) Symptoms 105 
d) Treatment 106 

2. Short urethra 107 
3. External urethral fistula 108 



x Contents 

E. Lower urinary tract obstruction 

I. Introductory 
II. Causes of obstruction 

1. Intrinsic lesions . 
2. Extrinsic lesions . 
3. Central nervous lesions 

III. Consequences of obstruction 
IV. Symptomatology ..... 
V. Diagnosis and management 

1. Acute retention . . . . 
2. Chronic retention . . . 
3. Low grade obstructions 

F. Enuresis ...... . 
1. Normal development 

11. Incidence . . . . . 
III. Symptoms and differential diagnosis 
IV. Aetiological factors. . . . 

1. Faulty training . . . . 
2. Psychological disorders . 
3. Urinary tract disorders . 
4. Bowel disorders . . . 
5. Neurological disorders 
6. Polyuria .. . 
7. Other causes . . . . 

V. Management ............... . 
1. Training and conditioning methods of treatment. 
2. Drug treatment .. 
3. Surgical treatment. . . . 

G. The neurogenic bladder 
1. Congenital spinal cord lesions 

I. The spinal defect . 
a) Spina bifida cystica . . 
b) Spina bifida occulta . . 
c) Other bony deformities .. 

2. Neurological and orthopaedic signs 
3. The bladder dysfunction. ... 

a) The natural history . . . . . . 
b) Diagnosis . . . . . . . . . . 
c) Treatment ........... . 

oe) Treatment of the spinal cord lesion . . . . 
ß) General management of the bladder disorder '" 
y) Operations designed to increase the urethral resistance 
6) Operations designed to lower the urethral resistance 
c) Operations for the diversion of urine . . . . . . 
C) Appliances for the control of urethral incontinence 

11. Poliomyelitis .. . . . . . . . . 

H. Non-tu berculous urinary infections 
1. Incidence . . . _ . . . . . . . . 

II. Bacteriology and mode of infection . 
III. Acute urinary infections. . . . . . 

1. Pathology . . . . . . . . . . 
a) Acute pyelonephritis . . . . . 
b) Infected hydronephrosis and pyonephrosis 

2. Clinical features . 
a) In the neonate . . 
b) In the infant . . . 
c) In the older child . 
d) Complicated cases . 

3. Management 

Page 

108 

108 

109 
109 
llO 
110 
111 
ll3 
114 
ll4 
ll4 
ll6 

117 

ll7 
ll8 
ll9 
120 
121 
121 
122 
123 
124 
124 
124 
124 
125 
126 
126 

127 
127 
127 
127 
128 
128 
128 
130 
130 
133 
134 
134 
135 
135 
136 
136 
137 
137 

137 
137 
138 
139 
139 
139 
140 
141 
141 
141 
142 
142 
142 



Conteilts XI 
Page 

IV. Chronie and reeurrent urinary infeetion 143 
V. Chronie pyelonephritis 145 

1. Pathology. . . 145 
2. Clinieal features . . 147 
3. Radiology. . . . . 148 
4. Management . . . 149 

VI. Pyaemie kidney; renal earbunele and perinephrie abseess 150 
1. Pathology. . . 150 
2. Clinieal features . . . . . . 151 
3. Management . . . . . . . 153 

VII. Cystitis . . . . . . . . . . . 153 
VIII. Parasitie and fungal infeetions . 154 

1. Sehistosomiasis (Bilharziasis) 154 
2. Hydatid eyst . 155 
3. Myiasis. . . . 155 
4. Moniliasis 156 
5. Aetinomyeosis 156 

I. U rogeni tal tu bereulosis . 156 
I. Ineidenee . . . . . . 156 

11. Pathology. . . . . . 157 
III. Clinieal features and management 158 

1. Cortieallesions . . . . . . . . . . . . 158 
2. Early uleerative lesions of the renal papilla 159 
3. Advaneed lesions . . . . . . . 160 
4. Lesions of the male genital traet . 161 

IV. Chemotherapy . 161 

J. Caleulous disease . . . . . 162 
I. Ineidenee . . . . . . . 162 

II. Aetiologieal classifieation 162 
1. Endemie ealeuli . . . . . . . . . . . . . . . . . . . . . . . 162 
2. Caleuli eomplieating eongenital abnormalities of the urinary traet . 163 
3. Recumbeneyealeuli .. ...... 164 
4. Foreign body ealeuli . . . . . . . . . . . . . . 165 
5. Cystine caleuli. . . . . . . . . . . . . . . . . 165 
6. Xanthine calculi. . . . . . . . . . . . . . . . 167 
7. Calculi associated with nephrocalcinosis. . . . . . 167 

a) Hyperchloraemic acidosis, infantile renal acidosis 167 
b) Oxalate nephrocalcinosis. . . . . . . . . . . 168 
c) Hyperparathyroidism . . . . . . . . . . . . . . . . 168 
d) Pyelonephritis, renal hypoplasia and glomerulo-nephritis . 168 
e) Miscellaneous. . . . . . . . . . . . . . . . . . . . . 168 

8. Stones in eongenital cystie dilatation of the eolleeting tubules . 169 
9. Idiopathic ealculi . 169 

III. Regional classification 170 
1. Renal calculi . . 170 
2. Ureterie calculi . . 171 
3. Vesical ealculi. . . 171 
4. Urethral calculi . . 173 
5. Preputial calculi. . 173 
6. Calculi outside the urinary traet . 173 

IV. Management of ealculus cases 173 
1. Diagnosis . . . . . . . 173 
2. Treatment . . . . . . 174 
3. Prevention of recurrenee 174 

K. Neoplastic disease . . . . . 174 
I. Neoplasms in infaney and childhood 174 

11. The kidney . . . . 175 
1. Nephroblastoma . 175 

a) Incidence 176 
b) Pathology . . 176 



XII 

c) Clinical features. . . . . 
(X) The abdominal tumour 
ß) Abdominal pain . . 
y) Haematuria .... 
ö) Spontaneous rupture 
e) Hypertension 
C) Varicocele. . . . 
1)) Dystocia 
{}) Metastases . . . . 

d) Radiological diagnosis 
e) Treatment .. 
f) Recurrence. . . . . 
g) Prognosis . . . . . 

Contents 

2. Adenocarcinoma. . . . . . . 
3. Papillary tumours of the renal pelvis . 
4. Hamartoma and other benign tumours 
5. Lymphosarcoma and leukaemia . . . 

III. The adrenal gland and retro·peritoneal space 
1. Neuroblastoma . . 
2. Ganglioneuroma. . . . 
3. Pheochromocytoma .. 
4. Adrenal cortical tumours 
5. Adrenal haematoma . . 
6. Retro.peritoneal teratoma 

IV. The bladder . . . . . . 
1. Rhabdomyosarcoma . 
2. Other bladder tumours 

V. The prostate and urethra 
VI. The penis and scrotum . 

VII. The epididymis and spermatic cord . 
VIII. The testicle . . . . . 

IX. The ovary. . . . . . 
X. The vagina and uterus 

L. Hypertension . . . . . 
I. General observations 

11. Renal hypertension. 
1. Pathology. . . . . . 

a) Glomerulo·nephritis . . . . . . . . . . . 
b) Chronic pyelonephritis and renal hypoplasia 
c) Hydronephrosis. . . . . . . . . 
d) Vascular lesions ....... . 
e) Injury and perinephric haematoma 
f) Tumour ..... . 
g) Miscellaneous causes 

2. Clinical features 
3. Investigations. . . . . 
4. Management . . . . . 

M. Renal faHure and allied disorders 
I. Acute renal failure . . . . . 

1. Pathology. . . . . . . . . . 
a) Acute tubular necrosis. . . 
b) Acute glomerulo-nephritis . . . 
c) Bilateral renal venous thrombosis 
d) Suppurative nephritis 
e) Ureteric obstruction . 

2. Olinical picture . 
3. Management . . 

11. Chronic renal failure 
1. Aetiology. . . . . . . . . . . . . 
2. Clinical course and biochemical changes 

Page 

179 
180 
180 
180 
181 
181 
181 
181 
181 
181 
182 
186 
186 
186 
186 
187 
187 
188 
188 
191 
191 
192 
195 
197 
197 
]97 
199 
201 
202 
204 
204 
207 
208 

210 
210 
211 
211 
211 
211 
212 
212 
213 
213 
213 
213 
214 
214 

216 
216 
217 
217 
217 
217 
217 
218 
218 
219 
221 
221 
221 



Contents 

3. Bone changes - renal osteodystrophy 
a) Rachitic changes . . . 
b) Osteitis fibrosa changes 

4. Management . . . . . 

III. Renal vascular disorders 

1. Bilateral cortical necrosis . . . . . . . . . . . 
2. Venous thrombosis with haemorrhagic infarction . 

a) Pathology ............... . 
b) Clinical features. . . . . . . . . . . . . . 
c) Treatment . . . . . . . . . . . . . . . . 

3. Venous obstruction with thrombosis of inferior vena cava. 
4. Arterial occlusion . . . . . . . . . 

IV. Polyuria and the renal tubular disorders 

1. Diabetes insipidus . . . . . . 
2. Diabetes insipidus renalis. . . . . . 
3. Primary polydypsia ....... . 
4. Hyperchloraemic renal acidosis . . . 

a) Infantile form (Lightwood's syndrome) 
b) Adult form (Albright's syndrome) ... 

5. Lignac Fanconi disease (De Toni's syndrome) 
6. Idiopathic hypercalcaemia 

V. Haematuria and nephritis. . . 

1. General considerations . . . 
2. Surgical causes of haematuria 
3. Haemorrhagic diseases . 
4. Nephritis. . . . . . . 
5. Medicational haematuria 
6. Unexplained haematuria 

N. The male genital tract ... 

I. Congenital abnormalities of the penis 
1. Micropenis . . . . . . . . . 
2. Congenital absence of the penis 
3. Diphallus. . . . . . 
4. Pre-penile scrotum. . . 
5. Torsion of the penis . . 
6. Webbing of the penis. . 
7. Cysts of the penile raphe 

II. Phimosis and paraphimosis 
1. The normal development 
2_ Phimosis . . . . . . 
3. Paraphimosis . . . . 
4. Routine circumcision . 

III. Skin lesions . . . . . . 

IV. Meatal ulcer and stenosis 

V. Genital tract infections . 
1. Urethritis ..... 
2. Prostatitis and prostatic abscess _ 
3. Epididymitis . . . . . . . . . 
4. Orchitis. . . . . . . . . . . . 

VI. Urethral injuries, stricture and fistula 
1. Anterior urethral injuries . 
2. Posterior urethral injuries . 
3. Urethral stricture 
4. Urethral fistula 

VII. Priapism ..... 

XIII 

Page 

224 
226 
226 
227 

229 
229 
230 
230 
230 
231 
231 
231 

231 
232 
233 
234 
234 
234 
234 
235 
235 
235 
235 
236 
236 
237 
237 
238 

238 

238 
238 
239 
239 
240 
240 
241 
241 
241 
241 
241 
242 
242 

243 
244 

245 
245 
246 
246 
247 

247 
247 
248 
248 
250 

250 



XIV Contents 

VIII. Undescended testicles . 
1. Embryology 
2. Incidence. . . . 
3. Surgical anatomy 
4. Histology. . . 
5. Function . . . 
6. Cause 
7. Complications . 
8. Clinical picture 
9. Management . 

IX. Other testicular anomalies . 
1. Anorchia and monorchia 
2. Hypoplasia . . . . . . 
3. Polyorchism .. . . . 
4. Rare forms of testicular ectopia 

X. Hydrocele .......... . 
1. Hydrocele of the tunica vaginalis 

a) Irreducible. . . . . . . . . 
b) Reducible . . . . . . . . . . . . . . 

2. Hydrocele of the cord, or of the canal of Nuck 
3. Hydrocele with undescended testis ..... . 
4. Meconium hydrocele . . . . . . . . . . . . 

XI. Varicocele. . . . . . . . . . . . . . . . . . 
XII. Torsion of the spermatic cord and of the testicular appendages . 

1. Torsion of the spermatic cord . . . 
2. Torsion of the testicular appendages 

XIII. Scrotal oedema and gangrene . . . . 

O. The female genital tract and urethra 

I. The clitoris and labia . 
1. Ligated clitoris . . 
2. Labial fusion . . . 
3. Ammonia dermatitis 
4. Labial thickening . 

Ir. The external urinary meatus 
1. Stenosis . . . 
2. Hypospadias . 
3. Covered meatus 

III. Urethral prolapse 
IV. Urethro.trigonitis. 
V. Vulvo-vaginitis 

1. Gonococcal vulvo-vaginitis . . 
2. Non-gonococcal vulvo-vaginitis 

VI. Urethral injuries and fistulae. . . 
VII. Hydrocolpos and haematocolpos . 

VIII. Congenital absence of the vagina . 

P. Intersex states and endocrine dis orders 
I. Normal development .... 

1. The genetic basis . . . . 
2. Endocrine factors . . . . 
3. The anatomical growth changes 

II. Female pseudohermaphroditism . 
1. Congenital adreno·cortical hyperplasia 

a) Anatomy 
b) Clinical progress 
c) Laboratory findings . 
d) Diagnosis ..... 
e) Management . . .. ....... . 

2. Other forms of female pseudohermaphroditism 

Page 

251 
251 
251 
252 
255 
256 
256 
257 
257 
258 
260 
260 
261 
261 
261 
262 
262 
262 
262 
262 
263 
263 
263 
264 
264 
265 
266 

266 
266 
266 
266 
267 
267 
267 
267 
268 
268 
268 
268 
269 
269 
269 
270 
271 
272 

272 
272 
272 
273 
275 
276 
276 
276 
276 
278 
279 
279 
280 



Contents xv 
Page 

III. Male pseudohermaphroditism ..................... 281 
1. Male pseudohermaphrodites with external genitalia of equivocal sexuality 281 
2. Male pseudohermaphrodites with purely feminine external genitalia 283 

IV. True hermaphroditism 284 
1. Anatomy . 284 
2. Clinical features 285 
3. Diagnosis . 285 
4. Management 286 

V. The practical approach to intersex 286 

VI. Gonadal agenesis . 287 

VII. Hypogonadism in the male 288 
1. Pituitary deficiency 289 
2. Testicular deficiency . 290 
3. Klinefelter's syndrome . 290 
4. Familial hypogonadism . 291 

VIII. Sexual precocity . 291 
1. Constitutional precocious puherty . . 291 
2. Precocity due to hypothalamic lesions 293 
3. Albright's syndrome 293 
4. Iso-sexual precocity in the male . 293 
5. Iso-sexual precocity in the female 294 
6. Heterosexual precocity in the male 295 
7. Heterosexual precocity in the female . 295 

References . 295 

Au th or Index 329 

Subject Index. 345 



A.Introduction 

I. The basic requirements for paediatric urology 

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

Recent advances in paediatric urology have come from two distinct groups; on 
the one hand a number of leading urologists, amongst whom MEREDITH CAMPBELL 

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

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

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

Handbuch der Urologie, Bd. XV 1 



2 Introduction 

11. The nature of genito-urinary disease in children 

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

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

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

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

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

111. Urological investigations 

1. Collection of urine specimens 
A mid-stream specimen of urine taken after retraction of the prepuce should 

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

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

2. Radiological investigations 
As in adult urology, the intravenous pyelogram is the key investigation in 

most disorders of the upper urinary tract and is the basis upon which suspected 
urological cases are first sorted out into diagnostic categories. 

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

Time and care spent on obtaining good intravenous pyelograms is weH repaid 
in the avoidance of other investigations, and certain special points applicable to 
children may be noted here. The investigation carries some risk in uraemia and 
should not be undertaken with a blood urea exceeding 100 mgmj100 ml: it is in 
any case unlikely that in these circumstances there will be sufficient concentration 
of contrast medium to give useful films. The same drugs are used as in adults 

1* 
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(e.g. Hypaque, Bayer) and the dosage may be calculated on the basis of 10 ml 
plus 1 ml for every year of age, so that a child of ten years receives the fuIl adult 
dosage of 20 ml. Intravenous administration gives the most satisfactory results 
and with a skilled operator should be possible in the great majority of children. 
The opaque medium may be given intramuscularly or subcutaneously together with 
hyalase (a half dose together with 3 mgm hyalase· in 1 ml of water into each 

Fig. 1. Normal retrograde pyelogram in a young 
infant. The film shows the horizontally placed 
renal pelvis, the "rolled up" form of the kidney, 
the small kinks at the pelvi-ureteric junction and 

the relative widening of the lumbar spindIe 

buttock) where suitable veins cannot be 
found and though good pictures may be 
obtained, the intravenous method is more 
1'eliable. 

In children a twelve hour period of 
dehydration may be possible but it is not 
practicable in infants and films should 
be taken 4-5 hours after the last feed. 
Bowel preparation is only required when 
there is definite constipation, and then 
a mild aperient only should be used. In 
the infant gas shadows in the abdomen 
are often troublesome, but the renal areas 
can be cleared by the administration of a 
fizzy drink which distends the stomach 
with gas (Fig.2). Alternatively, tomo­
grams may be used to isolate the pyelo­
gra phic shadow (BRocKHAus, F AINSINGER). 
Compression may be employed in older 
child1'en, but it is too frightening to the 
very young. The need for these ma­
noeuvres, and for other modifications of 
technique such as later films in cases of 
hydronephrosis 01' mega-ureter demands 
the elose supervision of the radiologist, 
and intravenous pyelography should not 
be rega1'ded as a simple routine procedure. 
In the male the genital a1'ea should be 
shielded in the films showing the upper 
tract in order to minimize the irradiation 
of the testicles. 

Retrograde pyelograms present no special difficulties provided the urethra 
is large enough to admit a cystoscope. Since in infants a single catheterizing 
instrument must normally be employed, it is preferable that the films should be 
taken on the cystoscopic table, while the cystoscope is still in situ, and one ureter 
catheterized after the other. SmaIl ureteric cathete1's (4F) are essential and must 
be introduced with the utmost gentleness since it is easy to perforate the renal 
parenchyma with the tip; this is not usuaIly harmful but the injection of the dye 
under the capsule produces a confusing picture. Only 2-3 ml of fluid should be 
injected into the normal renal pelvis of the infant for larger quantities often cause 
pyelovenous backflow. It is always wise to use an organic compound such as 
diodone or iodoxyl rather than sodium iodide. Retrograde pyelograms carry a 
definite risk in cases of hydronephrosis due to pelvi-ureteric obstruction and it 
is preferable to proceed at once to operation if this condition is present (p.30). 

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

.\ 

B 

Fig. 2. Renal calculi in a girl aged 1 year: films demonstrating tbe value of distending tbc ,tomach to obtain 
better definition of tbe renal area. A before; B after administration of fizzy lemonade 

quently outline by reflux dilated ureters which are not shown on intravenous 
pyelography (Fig. 132). When no serious obstruction is suspected a fine suspension 
of barium sulphate (25%) is the best contrast medium but is apt to give trouble 
if there is considerable residual urine. Sodium iodide can cause serious reaction 
when there is free reflux and it is safer to employ one of the organic iodides (e.g. 
diodone, at about 15%). The bladder is filled by catheter until it is tense and 
there is adefinite desire to mieturate : the catheter is then withdrawn and oblique 
or AP films are exposed during micturition. It is important that the stream should 
be flowing freely at the time of the exposure, for half filling or temporary con-
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traction of the external sphincter can give very confusing pictures. eine radiology 
with the image intensifier eliminates these difficulties if it is available. 

Fip:. 3. Normal micturating cysto-urethrogram in the male. A boy 
aged 11 years 

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

In chronie retention, and 
in young infants when active 
micturition cannot be ob­
tained, an expression cysto­
urethrogram may be sub­
stituted. Under fuIl anaes­
thesia the bladder is filled 
with contrast medium and 
then expressed manually: a 
narrow cone centred on the 
urethra should be used to 
avoid irradiation of the ex­
pressing hand. Once again 
the films are only capable 
of interpretation when the 
stream is good, and this is 
seldom possible to obtain in 
the older male child. 

Injection urethrograms, 
even with viscous media, are 
not often needed except to 
show the distal limits of a 
stricture, for even anterior 
urethral diverticula show 
better on the micturating 
films. 

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

Retroperitoneal air insuf­
flation is helpful in some 
cases of adrenal tumour. 

It is conveniently performed by the presacral route, 300-500 ml of air being 
injected on either side, but anaesthesia is essential for young children and may 
need to be prolonged as it often takes 1 or 2 hours for the air to reach the 
right level. 
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3. Endoscopy 
A eonsiderable variety of endoseopie instruments of a size suitable for ehildren 

is now available (see Volume VI) ; two models in eurrent use at The Hospital for 
Siek Children are shown in Fig. 5. Metal bougies and eatheters with a suitable 
eurve for children are also essential (McCREA, CAMPBELL). 

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

A 

Sc 

Sc 

Fig. 5. Endoscopic instruments for children, ma.nufactured by the Genito-Urinary Mfg. Co. Ltd" London. 
A Urethroscope (MORISON-NASH), made with two sheaths, 11 Fand 14 F. Telescope gives an almost direct view, 
and the bulb is fitted to a separate light carrier. B Cysto-Urethroscope (WILLIAMS), approximat.ely 12 F. The 

sheath is slightly beaked, and the light carried on the convex side. Forsoblique telescope 

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

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

The normal child's bladder requires no special eomment, but the importanee 
of urethroseopy may be emphasized here: no endoseopy is eomplete unless the 
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whole length of the urethra has been inspected, for important anomalies occur 
in both anterior and posterior portions. 

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

4. Cystometry 
This investigation has been employed in a number of diseases, particularly 

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

IV. Management of surgical cases 
The pre-operative treatment of urological cases is discussed under the various 

diagnostic headings throughout this volume. In general terms the most likely 
requirements are the sterilization of the urine, and correction of dehydration or 
electrolyte imhalance. When there is an acute urinary ohstruction it may be 
difficult to accomplish either of these desiderata until drainage is estahlished, but 
in chronie ohstruction it is usually possihle and is always helpful. Chemotherapy 
is discussed on p. 142 and fluid balance on p. 10. 

The skin ofthe genitalia andlower abdomen not infrequentlyrequires treatment 
in babies and in incontinent children, because of ammonia dermatitis. In hospital, 
exposure to warm air is the most reliahle method of securing an improvement; 
horaeie powder and barrier creams mayaiso he employed (p. 244). 

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

Pre-operative blood transfusion is sometimes necessary when the haemoglobin 
is low: it will he recalled that if 13 gmjl00 ml is taken as 100 %, the normal 
haemoglohin of a new born infant is ahout 140%; this drops sharply to 75% at 
the age of 3 months and then rises gradually to 80-90% at six months, where 
it remains for the rest of the first year. Haemoglobin levels will also vary con­
siderably with the state of hydration, and an accurate calculation of the needs 
of an infant is therefore difficult. Blood transfusions should always be small, 
particularly where the hlood urea is raised, hut may be repeated. In any major 
operation on an infant, the blood loss should be measured accurately by weighing 
the swabs and completely replaced by transfusion. 
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Anaesthetics and pre-operative sedation are now very much in the hands of 
the specialist anaesthetists, and a full discussion would be out of place here. 
Infants and very young children normally do best on a barbiturate premedication, 
nembutal or seconal; older children on omnopon or on a pethidine-largactil mixture. 
Rectal pentothal is an excellent premedication for operation, but should be 
avoided before cystoscopy as the fluid is apt to be returned during the procedure. 

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

SON) in my cases. 
A bulky dressing is seldom necessary or desirable, wetting and soiling occur 

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

Neonates, particularly when premature, require special measures which are 
fully discussed by GROSS and by RICKHAM. Theyare best nursed in an incubator 
where a constant temperature can be maintained (850 F for the full term, 90-950 F 
for the premature baby) with an atmosphere of 50% oxygen, and a relative 
humidity of 100 %. Heat loss is rapid unless these precautions are taken and 
premature infants are liable to a peculiar hardening of the subcutaneous tissues, 
sclerema, which is almost always fatal. Massive collapse of the lungs and broncho­
pneumonia are also serious hazards: the throat must be kept free from mucus, 
and the infant's position must be changed frequently. Broad spectrum anti­
biotics must be avoided if possible, because of the danger of monilia infection. 
Where operation is required for breast fed infants, the mother should be admitted 
to hospital as weH, so that feeding can be continued without interruption: she 
mayaIso undertake part of the nursing care and so minimise the risk of cross­
infection. 

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

V. Fluid and electrolyte balance in infants 

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

Renal secretion of urine starts early in foetal life, certainly by 31/ 2 months 
(CAMERON and CHAMBERS). The foetal urine is extremely dilute and eontains 
little urea but much sodium chloride (MCCANCE and WIDDOWSON), for probably 
the kidney is not under hormonal control at this period. The formation of urine 
contributes to the amniotic fluid, but is in no way essential to the normal develop­
ment of the foetus; if however there is an obstruction to the urine flow the urinary 
tract will show all the changes commonly associated with obstruction in post­
natal life. The urine changes its composition rapidly after birth, and perhaps 
even before if there is a failure of the maternal kidneys, but the output of urine 
during the first two or three days of life is very smaIl, being no more than 30 ml 
per day. The kidney does not reach full maturity during the first weeks of life 
and it is often believed to be a relatively inefficient organ at this stage; there is 
no doubt that if clearance values are related to body surface area as has been 
customary in the past the kidney of the neonate compares very poorly indeed 
with the mature organ. MCCANCE and WIDDOWSON point out, however, that if 
these va lues are correlated with the volume of body water, the factor with which 
the kidney is directly concerned, then the differences between infant and adults 
are not nearly so great. The infant cannot produce a very concentrated urine, 
and though the ma~imum dilution is as great as in adults, yet simple over­
hydration due to a large increase in the water intake cannot be corrected so 
rapidly. The glomerular filtration rate is a little below normal by any standard, 
a fact probably correlated with the cap of high columnar cells which is seen on 
the tips of the glomerular tufts during the first weeks of life (GRUENWALD and 
POPPER). Tubular reabsorptive functions are fuHy developed at birth. Urea 
clearance is relatively poor, and the maintenance of anormal blood urea in an 
infant depends upon active anabolism, most of the protein ingested being built 
up into body tissue, and if this process is reversed foHowing trauma or infection 
the blood urea will rise rapidly despite normal renal function. 

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

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

The ordinary fluid requirements of a healthy infant may be calculated on 
the basis of 150 ml/kilo/day (21/ 2 0Z. per lb) but very much less is needed in the 
neonatal period and in post-operative management if a drip is being employed 
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there is a danger of overhydration, so that GROSS calculates the fluid needs at 
approximately half the normal scale suggested above. The urologie al disorders 
which are most often complicated by serious water and electrolyte imbalance are 
acute infections with septicemia, renal failure, and adrenal deficiency in congenital 
adrenocortical hyperplasia. Dehydration is a feature of all these states and there 
is almost always a concomitant loss of electrolytes with a metabolie acidosis. 
If regular weight charts have been kept, the acute loss of weight accompanying 
dehydration gives a measure of the amount of water lost (1 pint of water weighs 
P/41bs) but in most cases of dehydration must be recognized and estimated 
clinically from the irritability, thirst, fever, loss of elasticity in the skin and 
tension in the fontanelles. Haematocrit values in infancy are always high and 
give little assistance. The serum electrolyte levels should be estimated before 
starting treatment so that correct repair solutions may be chosen. 

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

For the infant who is dehydrated, or in the immediate post-operative periods, 
a 1/2 normal saline solution containing 5% of dextrose may be used, or if the 
chlorides are raised a simple dextrose solution. When acidosis is present, Hart­
mann's solution should be given (Sodium lactate 2.26 gms., Sodium chloride 
6.0 gms., Potassium chloride 0.4 gms., Calcium chloride 0.2 gms. in water 1000ml). 
In acute dehydration fluid may be given at the rate of 6-8 ml/hour/lb body 
weight; this rate should be halved as the condition improves and later fluid 
intake should be based on the normal fluid requirements noted above. Milk 
feeds, diluted at first, should be gradually introduced. Hartmann's solution does 
not contain sufficient potassium for maintenance if no other feed is taken and 
19m of potassium chloride should be added to each litre of fluid if parenteral 
therapy is continued for some days. Plasma infusions are of value when the 
infant is starving and the plasma proteins are low, it may be given at the rate 
of 20 ml/kilo/day. 

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

B. Congenital abnormalities of the upper urinary traet 

I. Renal agenesis 

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

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

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

Renal hypoplasia, a failnre of fnIl development in the kidney is a eommon 
aeeompaniment oi other malformations of the urinary traet: when it oeeurs alone, 
it may be diffieult 01' impossible to distinguish from atrophie pyelonephritis. 
The frequeney of the true eongenital abnormality is therefore hard to assess, there 
are no reliable estimates of the ineidenee, and the fact that alm ost all authors 
report that girls are mueh more often affected than boys probably simply reflects 
the greater liability of the female to acquired infection. 

The interest of the hypoplastic kidney lies not simply 
in its failure to achieve normal size, but in the presenee 
of abnormal tissues within the renal substance. BA GEN­

STOSS has, in fact, proposed the use of the term dys­
plasia as a substitute for hypoplasia in order to indicate 
the inclusion of primitive renal elements and of tissues 
normally foreign to the kidney such as eartilage and 
striated muscle. A kidney whieh eontains "dysplastic" 
elements may be of any size, from aminute nodule of 
fibrous tissue to almost normal dimensions, and from 
the pathologists standpoint, a eontinuous series can be 
traeed from one extreme to the other. The following 
elassifieation attempts to reeoneile the needs of the 
clinieian with those of the pathologist. 

1. Dysplastic kidney with obliterated ureter 

This type is often referred to as "aplasia" of the 
kidney, although in strueture it differs only in degree 
from less severe forms of dysplasia. The kidney is re­
presented hy a small fibrous body in whieh no true ne­
phrons ean be found, though some straight and primitive 
renal tubules may be seen. The ureter is usually 
atrophie and narrows down at so me point to asIender 
and impermeable thread. 

In unilateral eases, symptoms are seldom attri­
butable to the dysplastic kidney, whieh is funetionless 
and excluded from the urinary traet. As in renal 

OCIn 2 J 

Fig. 6. Dysplastic kidney with 
obliterated ureter. Nephrec­
tomy specimen from a girl aged 
13 years suffering from reCUT­
rent urinary infection and hy­
pertension. Contralateral kidney 
showed pyelonephritic changes 

agenesis, however, the contralateral kidney is not only hypertrophied, but is 
unusually liable to pathological eomplieations. Fig. 6 illustrates a ease of a girl 
with hypertension, an extremely hypoplastie kidney on the left side, and a chronie 
pyelonephritis in the contralateral organ. The diagnosis is reaehed by exploration 
of the loin, though the absence of renal function and the obliteration of the 
ureter may give a clue. Although the minute kidney is often removed the treat­
ment must naturally be direeted ehiefly towards the contralateral organ. In 
bilateral eases, the infant is born dead 01' dies within a few days of birth. 

2. Dysplastic kidney with patent ureter 

This type is eommoner than the previously deseribed, and ineludes the majority 
of so-ealled hypoplastie kidneys. The size is extremely variable, but the paren­
ehyma is usually distorted by masses of fibrous tissue and eysts, and eomplieating 
pyelonephritis is alm ost always present (Fig.7) . The dysplastie elements may 
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be recognized microscopically: straight radiating tubules reaching the surface 
of the kidney, proglomeruli without separation of tuft from capsule, masses of 
cartilage and angiomatous areas (Fig. 8). Other abnormalities of the urinary 
tract are frequently present, particularly double or ectopic ureters, and only one 
half of a double kidney may be affected by dysplasia. Sometimes it appears 
that other malformations are the cause of hypoplasia, and not simply an accompani­
ment; in lower urinary obstructions which have been present from early foetal 

life, there is apparently an inter­
ference with the maturation of 
the nephrons, and the kidneys 
are often hypoplastic rather than 
hydronephrotic. 

The symptoms may be those 
of the ureteric abnormality as in 
the case of the ectopic ureter 
(Fig. 7), in other instances it is 
the complicating infection which 
brings the child to hospital. Re­
current pyuria with pain in the 
loin on the affected side is the 
characteristic story. Hyperten­
sion is a weIl recognized compli­
cation; it is discussed on p . 211. 
Bilateral cases (Fig. 9) inevitably 
progress to astate of chronic 

jr---"-j ---Tj ---.:r=~---'----'j renal failure, and many of the 
o cm 1 2 ,,5 cases of renal osteodystrophy 

Fig.7. Dysplastic kidney with patent ureter. Nephrectomy 
speciroen from a girl aged 4 years suffering from dribbling 
urinary incontinence. The single ureter draining this kidney 
ended in the vagina. The renal pelvis is hydronephrotic and 
the parenchyroa is studded with islands of fibrosis and hyaline 

cartilage 

(p. 224) are the result of this 
type of hypoplasia. The course 
is very prolonged and death may 
be postponed until adolescence 
or earlyadult life, but the down­
ward trend cannot be deflected. 

Pyelographically these dysplastic kidneys are indistinguishable from the 
contracted kidneys of chronic pyleonephritis, and the radiological appearances 
are discussed under that heading. In many unilateral examples there is sufficient 
function to give an adequate shadow on intravenous pyelography, but in bilateral 
cases retrograde filling is almost always required for diagnosis. Strictly unilateral 
ca ses may be treated by nephrectomy for the control of recurrent infection or 
hypertension: in bilateral disease, all functioning tissue must be preserved. 

3. The miniature kidney 

This term conveniently describes the sm all kidney which is normal in function 
and architecture; it is unlikely to be the cause of symptoms, provided the 
abnormality is unilateral. The diagnosis is usually clear from the pyelogram, as 
in the ca se illustrated in Fig. 10, the calyces being perfectly formed although 
perhaps fewer in number than in the normal kidney. It is important to realize 
that despite the apparently good function, such an organ would be incapable of 
maintaining life unaided by its fellow and if the disorder is bilateral signs of renal 
failure will appear some time during childhood or adolescence. Even if the two 
kidneys, though smalI, are structurally normal at birth it is inevitable that the 
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renal insufficiency will lead to gross tubular dilatation and hypertrophy; compli­
cating pyelonephritis practically always oceurs with searring and distortion of 
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the parenchyma. There is often hypertension causing vascular ehanges, and at 
autopsy therefore bilateral hypoplastie kidneys always present a eomplex appear­
anee whieh may be avoided in the unilateral. 
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Fig. H. Bilateral renal hypoplasia. Retrograde pyelogram in a boy aged 3 years wIth renal osteodystropby and 
hypertellBion. Blood urea 178 mgm!lOO ml. Sterile urine and no history 01 infection 

Fig. 10. "Miniature" kidney. Intravenous pyelogram in a boy aged 2 ye"rs complaining 01 painful micturition. 
Urine sterile. The left kidney is smalI, but the calyces are regular and show the normal cupping 
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It is uncertain whether the miniature kidney can be responsible for hyper­
tension; a case reported by HUTCHISON and MONCRIEFF suggests that it can be, 
but 80S mentioned on p. 212 it is only during recent years that the importance of 
minor anomalies of the renal arteries has been recognized, and such lesions may 
weil have been overlooked. 

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

Irr. Cystic disease of the kidneys 

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

1. Congenital polycystic disease. Infantile form 
The great majority of afflicted infants are still born or die within the first 

few hours of birth: some survive a few months but die of renal failure before 
their first birthday. Both kidneys are grossly enlarged, but their only divergence 
from the normal shape is some foetal lobulation. The cut surface presents a 
honeycomb appearance with thousands of minute oval or elongated cysts arranged 
in a radial fashion throughout the parenchyma (Fig. ll). They eommonly occupy 
the entire substance of the kidney though in some examples the medullary region 
and the immediate subcapsular zones are spared. Careful microscopie studies with 
reconstruction have been carried out by several workers: NORRIS 80nd HERMAN 
found that the cystic spaces were irregularly dilated tubules lined with a single 
layer of flattened or cubieal epithelium; distended Bowman's capsules were 
sometimes found and the tubules often anastomosed. In the pyramids blind 
ending eollecting tubules were found. LAMBERT found some glomerular cysts and 
other tubular cysts which were blind at both ends; he contrasted this state of 
affairs with adult polyeystic disease in which the cysts appear to be dilatations in 
the course of funetioning nephrons. Roos on the other hand, in a kidney which 
conformed to the usual appearance of polycystic disease found only glomerular 
cysts. POTTER reported 5 instances of the tubular form and one of the glomerular 
pattern. It appears from these studies that adegenerative process must have 
taken place after the formation of the nephrons which resulted in the isolation 
of segments which later became dilated to form cysts. In this group other uro­
genital malformations are rare, but it is usu80l to find cystic changes in the liver 
and occasionaily also in the lungs, pancreas and ovaries. 

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

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

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

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

2. CongenitaI polycystic disease. Adult form 
This is a familial disorder passed from one generation to another which 

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

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

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

polycystic disease 

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

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

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

2* 
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tubular dilatation that the kidney has a cystic appearance (GREEN). Bilateral 
cystic changes are quite commonly found in infants dying within the first few 
days of life with bladder neck obstruction or urethral valves; some of these cysts 
communicate with the renal pelvis but others do not, and it appears that the 
presence of a lower urinary obstruction can interfere with the maturation of 
the later generations of nephrons. An excellent illustration of this type is given 

A. 

/). 

by V AlL and STONE, and 
the results of micro-dis­
section have been descri­
bed byBIALESTOCK. 

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

4. Multicystic kidneys 
This term is applied 

to a weIl defined group of 
unilateral cases in which 
a loose conglomeration of 
cysts resembling a bunch 
of grapes replaces the 
kidney (Fig. I3A). The 
ureter is commonlyatretic 
at some point in its length, 
it may be reduced to a 
minute thread or be al­

Fig. 13 A-D. Diagrams to show various types of cystic kidneys. A The together absent. The renal 
multi-cystic kidney. R Large serous cyst. 0 MultilocuJar cyst. D Cystic 

disease with hydronephrosis arteries are also poorly 
developed. The cysts are 

composed of fibrous tissue which is occasionally calcified and are lined by a 
single layer of flattened epithelium, but they are bound together by tissue 
which may contain primitive renal elements. The atretic nature of the ureter 
or renal pelvis and calyces seems to be the essential feature of this type of 
disease, and in one of my cases a partial atresia of the opposite ureter had 
caused severe hydronephrosis. Many excellent descriptions of these cases can 
be found in the literature, particularly those of SCHWARTZ, RAVITCH and 
SANDFORD, and SPENCE. Clinically most cases have presented with a renal 
swelling during infancy or have been discovered because of a disease in the 
contralateral organ. The diagnosis is usually made at laparotomy for suspected 
tumour, but the characteristic form of the swelling and the atresia of the ureter 
(with at times absence of the ureteric orifice) may be an indication of the nature 
of the disorder. Nephrectomy has been the treatment in all suitable cases and 
since the opposite kidney is usually normal this treatment is successful, though 
it is perhaps not always necessary. 
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5. Simple serous eysts (solitary eysts) 
This type, though very eommon in adults and often regarded as an aequired 

disease, is rare in ehildren. Cases have been presented by CHALKLEY and SUTTON 
and by CHRISTESON. The literature is reviewed by WEERD and SIMON. One or 
two large eysts may arise in the periphery of an otherwise normal kidney, and 
grow to such a size that they distort or displaee their parent organ (Fig. 13B). 
The disease has usually presented with renal swelling or urinary infeetion and 
in most reported eases in ehildren the destruetion of the parenehyma was such 
that a nephreetomy was performed, though uneapping of the eyst is the preferable 
operation. 

cyst-- --= ..... 

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

6. Multi -locular eysts (eyst-adenoma) 
In several publieations this type has been confused with the multieystie 

kidney deseribed above, though it has much more in eommon with the serous 
eyst. Within a firm eapsule on the periphery of the kidney is a mass of enlarging 
eysts lined by flattened epithelium and eontaining within them no renal elements 
(Fig.13C). Although more eommon in adults, cases have been reported in ehildren, 
by BURRELL, CHAUVIN, TOULSON and WAGNER. The enlarging mass ealls attention 
to the eondition, and together with the distortion of the renal pelvis, gives rise 
to the suspieion of Wilm's tumour. The diagnosis ean only be made with assuranee 
from the histology of the speeimen, and nephreetomy must therefore be the 
treatment. In one ease there was also hypertension. 

7. Cystie disease with hydronephrosis and pelvi-ureterie obstruetion 

This rare form has been reported by WAKELEY, HIGGINS et al., and MooRE. 
In addition to a large pelvie hydronephrosis the parenchyma is entirely replaeed 
by eysts of various sizes (Fig. 13D). MooRE has used the term spongy kidney 
to deseribe his ease, but there is no relationship between this type and the disease 
found in young adults deseribed in the literature as Rein-en-eponge. 
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8. Pyelogenic cysts 

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

IV. Malrotated, fused and ectopic kidneys 

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

1. Simple malrotation 
The kidney is normally placed in the lumbar region but its pelvis is directed 

anteriorly instead of antero-me-dially. In uncomplicated cases this type of kidney 
does not produce symptoms and if found during investigation of enuresis or 
abdominal pain, it should not be held responsible for the complaint. 

2. Horse-shoe kidney 

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

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

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

Fig. 16. Crossed eetopia wilh fusion. Intravenous pyelo!l'ram in a girl 014 years with eomplex cloaea) deformity. 
Both renal pelves are on the same side 01 the body, and both are a Iittle dilated 
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3. Crossed ectopia 
The two kidneys are placed on the same side of the body, the crossed organ 

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

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

4. Pelvic ectopia 
Unilateral pelvic ectopia is a comparatively common malformation: one 

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

V. Hydronephrosis due to congenital pelvi-ureteric obstruction 

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

1. Incidence 
The disorder may occur at any age, though it is most often seen in children 

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

2. Pathology 
In this type of hydronephrosis the dilatation affects particularly the extra­

renal portion of the pelvis and ballooning of the calyces appears later. It seems, 



Kinks and adhesions 25 

in fact, that the disorder occurs only in those kidneys in which there is a weIl 
developed pelvis outside the hilum, and it is not seen in the ordinary upper pelvis 
of the double kidney where there is no clearly defined pelvi-ureteric junction. 
Hydronephrosis is particularly common in the malrotated kidney. The ob­
struction is evidently sited at the pelvi-ureteric junction, but the exact findings 
at operation differ from case to case, and there is a considerable divergence of 
opinion among observers as to the true causative lesion. 

a) Obstruction due to aberrant renal vessels 
Many authorities regard vascular obstruction as the commonest form, parti­

cularly in children (WHITE and WYATT, CAMPBELL). NIXON in a review of cases 
at the Hospital for Siek Children found 
vessels as a contributory cause in 25 
out of 78 cases. There remains, however, 
some doubt as to whether the presence 
of the vessel alone can obstruct the out­
flow of urine, or whether it merelyexacer­
bates, by producing a kink, the ob­
struction due to an intrinsic lesion. The 
vessels concerned may he arteries or 
veins or hoth; they are found in front 
of the ureter more often than hehind 
and usuaIly run to the lowermost point 
of the hilum but may he truly aberrant, 
being derived directly from the aorta 
or running direct to the lower pole of 
the kidney. At operation it is sometimes 
found that the vessel crosses immediately 
over the pelvi-ureteric junction, and that 
when these two structures are separa­
ted the distended pelvis empties itself; 
more often the vessel crosses the ureter 
1-2 cm distal to the junction and binds 
it down to the surface of the hydro-

Arlery to 
/owerpole 

Fig. 17. Hydronephrosis with vascular obst.wetion 
of the ureter. Diagrammatie view showing the ureter 
kinked and bound down to the surface of the hydro­
nephrotie sac by avesseI running to the lower pole 

of the kidney 

nephrotic sac (Fig. 17). In this event the urine flow 
simple freeing of the vessel. 

is seldom restored by 

b) Kinks and adhesions 
Even in the absence of avessei it is common to find the ureter bound down 

by dense adhesions to the surface of the distended pelvis so that it is acutely 
kinked at the pelvi-ureteric junction and at the point where it be comes free . 
The adhesions cannot be due to inflammation since they are found in sterile 
cases in the new horn. ÖSTLING has emphasized the frequency with which these 
kinks are found in the hydronephroses of children: he has also demonstrated that 
aseries of kinks involving the muscularis and the mucosa, but not the adventitia, 
are a normal feature of the upper third of the ureter in the foetus and he postu­
lates that a persistence of one of these could lead to obstruction. The normal 
foetal kinks are not found precisely at the pelvi-ureteric junction, but they do 
suggest that at this stage the adventitia forms a loose sleeve around the ureter 
which, as it condenses, may fix pathological contortions of the ureter. Division 
of the adhesions alone does not usually aIlow complete emptying of the pelvis, 
and it is difficult therefore to regard them as the primary cause of the obstruction. 
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c) High insertion of the ureter 
It is sometimes claimed that an abnormally high position of the pelvi-ureteric 

junction may be responsible for obstruction: high insertion may be found in the 
malrotated kidney, but is otherwise rare and probably results simply from 
asymmetrical distension of the pelvis. In the malrotated, fused or ectopic kidneys 
the renal pelvis arises from a broad area on the anterior surface of the kidney, 

Fig. 18. Hydronephrosis in the horse·shoe kirlncy. 
Diagrammatic view showillg the dome·like pelvis, 
the high insertion of the ureter, and the isthmus 

of the kidney 

and the ureter therefore springs from the 
centre of a dome, rather than from a 
narrow triangular cavity as in the normal 
kidney (Fig. 18). This type of pelvis 
which is clearly at a mechanical disad­
vantage in propelling the urine into the 
ureter, and a high insertion may increase 
the difficulties. In the case of the horse­
shoe kidney the ureter passes down over 
the isthmus and it has been suggested 
that this crossing is responsible for ob­
struction: in my cases, however, the 
obstruction has clearly been at a higher 
level, and often the distension of the 
hydronephrotic sac has lifted the ureter 
away from the isthmus. 

d) Stenosis 
Many authors (e.g. DAVIS) believe that 

a narrowing of the ureter immediately 
below the pelvi-ureteric junction is the 
primary cause of the hydronephrosis, 
and that other findings such as kinks and 
involvement with vessels are secondary 
developments. In the congenital type of 
stenosis there is seldom any suggestion 
of a fibrotic stricture, the muscular wall 
is in fact thinner than normal at the site 

of the narrowing, and at times muscular fibres are completelyabsent. MURNAG­
HAN has claimed that an interruption of the circular element of the musculature 
is a constant finding, and is the primary lesion. Instrumental dilatation of the 
narrowed segment is usually possible, and some writers have suggested a spasm 
as the cause of the narrowing. 

e) "U nrolled" kidney 
The kidney itself in hydronephrosis is often elongated and rather straight: 

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

f) Functional disorders 
In spite of all these observations, in a proportion of cases operative findings 

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

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

3. Clinical features 

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

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

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

4. Radiological diagnosis 

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

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

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

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

A B 
Fig. 19 A and B. Hydronephrosis. Intravenous pyelograms. A before: B after pyeloplasty. Girl aged 6 years 

with recnrrent loin pain. The pelvi8 is partially bifureated as weIl as belng hydronephrotic 

Fig. 20. Right hydronephrosis. Intravenous pyelogram in a girl of 12 months suffering from recnrrent nrinary 
infection 

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

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

A B 

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

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

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

He 01 v ... r·IIIM 
oustruelion 

Fig. 23. Intermittent hydronephrosis. Intravenous pyelogram in a boy aged 10 ycars with repeated attacks of 
severe left loin pain. At operation an aberrant vessel was found to cross the ureter 3 cm below the pelvi-ureteric 

junction: therc was also a kink and potential obstruction at the junction itself (see text). 
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5. Treatment and prognosis 

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

Fig.24. Normal kidney with non·obstructive kink below 
the pelvi-ureteric junction. Intravenous pyelogram in 
a boy aged 8 years investigated because of enuresis 

(see text) 

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

Conservative operation is 
almost obligatory in cases of 
bilateral hydronephrosis and in 
the primarily unilateral case 
when the contralateral kidney 
has a large, square pelvis which 
suggests that hydronephrosis 
may later develop there too. 
The presence of calyceal dila­
tation, mild infection or calculi 
need not contraindicate con­
servatism, but nephrectomy is 
required where the renal paren­
chyma is extensively destroyed 

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

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

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

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

VI. Congenital ureteric stricture, hypoplasia and valves 

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

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

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

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

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

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

and by SIMON et al. 

VII. Duplications of the ureter 

1. General 

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

a) Incidence 
NATION has reviewed the malformation at all ages, 

and found 109 cases in the 16000 autopsies: it was 
more common in females, and in that sex very mueh 
more often showed pathological complications. GOYANNA 

and GREENE found the right side to be affected twiee 
as often as the left, but it must be emphasized that 
some form of the malformation is very often bilateral, 
perhaps showing a bifid ureter on one side and a 

i I I i 
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Fig. 27. Ureteric hypoplasia. 
with a blind duplication in an 
ectopic ureter. Operat,ive spe· 
cimen from a girl aged 7 years 
with dribbling incontinence due 
to an ectopir ureter derived 
from the upper pelvis of a ril'(ht 
double kidney. Hemi·nephrec· 
tomy with ureterectomy per· 
formed, The lower end of the 
ectopic ureter is narrow and 
thread·like. the upper end is 
dilated and there is a distended 

blind pouch opening in it 

complete duplication on the other. CAMPBELL has reviewed the 
in children. 

complieations 

b) Anatomy 
The malformation arises from the development of an aeeessory ureterie bud 

either upon the side of the normal ureter (resulting in an ineomplete duplication) 
or upon the parent Wolffian duct (giving a complete duplieation). All derivatives 
of the ureteric bud are therefore duplieated and differentiation of the nephrons 
takes plaee in relation to the two systems, but the mass of meta-nephrie tissue 

3* 
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into which the ureters grow remains undivided save in the rare instances of 
supernumerary kidneys. Apart from some increase in length the kidney has a 
superficially normal appearance and there is no more than a shallow sulcus to 
indicate the watershed between the two systems of drainage. A more definite 
division may result from changes in only one renal element as when there is 
severe hydronephrosis or pyelo-nephritis, but an incision severing the two halves 
must always cut through renal tissue. The renal artery exhibits apremature 
division into branches which usually follow, however, the general pattern for the 
normal kidney described by GRAVES: it sometimes happens that one calyceal 
system is very largely served by one 01' two arterial branches, but more frequently 
there is no correlation between blood supply and urinary drainage. 

The form of the pelvi-calyceal systems is similar in all types of duplication: 
with rare exceptions the upper element is the smalleI', its ureter expands very 
littlc to form a renal pelvis and there is no true pelvi-ureteric junction. Within 

/.Cr; c;:/ c 
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Fig. 28 a-f. Outliue traciugs of pyelograms, show the lower pelves of double kidneys. In a and b the upper 
ureter connected with an ectopic ureterocele. In c the ureter was bifid and in d, e and f the uret,er from the 

upper pelvis terminated in the vagina 

the kidney the area of drainage corresponds to the upper major calyx of the 
normal organ. The lower element is larger and adefinite pelvis is formed. The 
pyelographic appearances of the separate elements should be studied with care 
so that the duplicity can be readily recognized even if only one pelvis is outlined. 
The upper element can be identified without difficulty; when only the lower 
is filled, it can be recognized as part of a double kidney from one 01' more 
of the following features (Figs. 28 and 29, 38 and 40). 

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

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

y) The upper calyx is short, and though the cups of the calyces may be di­
rected upwards 01' medially they are very elose to the renal pelvis and there is 
no elongated infundibulum. Occasionally there is a suggestion of malrotation. 

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

In cases where the ureter from the upper pelvis ends ectopically the upper 
element is unusually small and the outline of the lower pelvis less typical. Where 
the duplication is incomplete the two elements are occasionally of almost equal 
size, 01' very rarely the upper may be the larger. 
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The point of bifurcation of the ureter in incomplete duplication may be placed 
at any point between the renal pelvis and the bladder, though it is more common 
in the upper and in the lower third than in the middle. The branches normally 
run parallel to one another and join at an acute angle, but occasionally one 
spirals around the other before joining it. 

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

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

enters the bladder at some point caudal and medial to the ureter from the lower 
element. Commonly the latter has an orifice at the angle of the trigone which has 
cystoscopically the normal crescentic appearance, while the former (upper renal 
element) has a slit-like opening placed on the inferior aspect of the inter-ureteric 
bar where it is very easily overlooked. At times the opening of the ureter from 
the upper pelvis becomes even further removed from its normal position, and 
may be placed at the bladder neck, in the urethra or in other organs; these 
complications (ectopic endings) and the formation of ureteroceles are discussed 
in a later section. At other tim es the orifice of the upper pelvis ureter lies im­
mediately medial, or very rarely medial and superior, to the orifice of the lower 
pelvis ureter. The common arrangement of the ureteric orifices in complete 



38 Congenital abnormalities of the upper urinary tract 

duplication is often taken to indicate a crossing of the ureters, though in fact 
the upper pelvis ureter often lies medial to its fellow throughout its length, and 
it is merely prolonged beyond it at both upper and lower end; the frontal crossing 
which is shown in pyelograms taken in the antero-posterior view very seldom 
indicates a true spiralling. In the lumbar region the two ureters are loosely bound 
together, but as they approach the bladder they become more closely united 
within Waldeyer's sheath and often share a common adventitiallayer. 

c) C4?mplications 

There are very many eases in whieh a eomplete or incomplete duplieation 
never eauses any derangement of funetion, and the malformation is only direetly 
responsible for symptoms where there is an eetopic opening or a ureteroeele. 
Nevertheless, double ureters unquestionably carry an increased liability to eom­
plications and eertain eharacteristie ones merit diseussion. 

a) Recurrent urinary infection 

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

(3) Pain 

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

y) Hydronephrosis 

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

The most marked examples of hydro-ureter with duplications are seen in the 
ureters with ectopic endings 01' ureteroceles and affect therefore the upper pole 
ureter. Chronic dilatation affecting both branches is quite commonlyencountered 
in low bifurcation of the ureter, often with chronic urinary infection. In three 
of the author's cases this type was associated with dilatation of the contralateral 
single ureter and the exact importance of the duplication was hard to assess. 

A B 
Fig. 30 A and B. Hydronephrosis dlle to pelvi-nreteric obstruction in the lower pelvis o! a double kidney (bifid 
nreter). A Intravenous pyelogram showing the displacement of the upper pelvis and distortion suggesting renal 

tumour. B Nephrectomy specimen 

Such cases must be treated in the same way as mega-ureters without this com­
plication; conservative operations on the ureters are seldom successfu1 but 
nephrectomy must only be performed in the strictly unilateral case. In the com­
plete duplications where both ureters open elose together on the trigone, a moderate 
dilatation of the ureter from the lower pelvis may be seen, usually with pyelo­
nephritis and hypoplasia of the corresponding element. Ten such cases have been 
treated by the author; they presented with recurrent pyuria and the diagnosis 
was easily established from pyelograms (Fig. 31). Satisfactory relief was obtained 
by lower pole heminephrectomy. Other variations are encountered from time 
to time and many offer the possibility of eure by resection of the affected renal 
element. 

€) Hypoplasia 
Complete 01' partial hypoplasia is a eomplication of many types of ureterie 

duplieation and the renal element assoeiated with an eetopic ureter is very often 
affeeted in this way. 

2. Blind ending duplications 
At times one ureter, arising either as a braneh of the main duct 01' indepen­

dently from the bladder, ends blindly at its upper extremity and makes no 
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contact with renal tissue. Perhaps the commonest site for such malformations 
is near the lower end (e.g. KRETSCHMER'S case) and where the blind pouch opens 
immediately adjacent to the ureteric orifice in the bladder it may be difficult to 
decide whether it should be regarded as a vesical diverticulum 01' as a ureter. 
Often there are no symptoms directly attributable to the malformation; the 
author has thus encountered one in an enuretic child and another during nephro-

Fig.31. Complete ureteric duplication with hypoplasia of the 
lower renal element. Retrograde pyelogram in a girl aged 
8 years suffering from recurren t urinary infection. Satisfactory 

relief obtained from heminephrectomy 

ureterectomy for ectopic ureter 
(Fig. 27) . In some reports, howe­
ver, the blind pouch has become 
distended and has obstructed the 
normal ureter (HARRIS, CAMP­
BELL). Such blind duplications 
are hardly distinguishable from 
the true ureteric diverticula which 
are reported on very rare occa­
sions : CULP in reviewing the 
literature found eleven cases of 
which two presented in childhood. 

3. Supernumerary kidneys 

Accessory renal elements en­
tirely separate from the normal 
kidney are very rare: CARLSON 
was able to find only 51 cases, 
recorded at all ages. They may 
present in childhood as in the 
case of GLEIZE-RAMBAL et al. 
The supernumerary organ has 
almost always an additional mal­
formation such as hydronephrosis 
01' hypoplasia; it is most often 
found in the iliac fossa 01' pelvis 
and its ureter joins that from the 
normal kidney above the bladder. 
The hydronephrotic sac may pre­
sent as a mass in the abdomen 
causing partial obstruction to the 

kidney lying above the normal organ 
re cord (RUBIN). 

normal kidney. A supernumerary 
and drained by an ectopic ureter is on 

4. Caudal bifurcation 

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

5. Triplications of the ureter 
Three or more ureters may drain a single kidney: they may unite or enter the 

bladder separately. The kidney itself is likely to be anomalous, and is extremely 
liable to all the complications described for the "double kidney". A case in a 
child has been reported by SMITH, who also reviews the literature. 

VIII. Ectopic ureters 

1. General 
An ectopic ureter is one which has its termination in the urinary tract at a 

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

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

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

2. Urethral ectopia in the female 
A ureter which opens at the bladder neck or into the upper urethra of the 

female often causes very little disturbance of function and may be symptomless. 
As with other forms it may be derived from a single or a double kidney, but it 
should be noted that in the latter case it may drain the lower pelvis, while the 
ureter {rom the upper pelvis is more widelyectopic, opening into the vestibule or 
vagina. The orifice is wide, and clearly visible on urethroscopy but dilatation of 
the ureter is the rule and may be extreme at the lower end, simulating a urethral 
diverticulum (WILLMARTH). In this situation the ectopic ureter does not cause 
incontinence in the child, though it is possible that in adult life, with the relaxation 



42 Congenital abnormalities 01 the upper urinary tract 

of the external urethral supporting muscles, it may do so (IDBOHRM and SJOSTEDT). 
Most of the cases present with recurrent or persistent pyuria, and with the symp­
toms characteristic of infection. The diagnosis will be suspected from the intra­
venous pyelogram; the corresponding renal element will seldom concentrate the 
dye sufficiently to cast a clear shadow, but its presence will be indicated by the 
shape and position of the lower pelvis (see p. 36). Confirmation may be obtained 
by urethroscopy and catheterization of the ectopic orifice : treatment, when 

A B 
Fig. 32 A and B. Urethral ectoplc ureter wlth hydronephrosis of the tower pelvis of the same kidney. A Cystogram 
after micturition in a boy aged 3 years complaining of difficult micturition, and found to have a large residual 
urine. I.V.P. dp,monstratp,d normal right kldney and no function on the left side. Endoscopy showed a wide left 
ureteric orifice in the normal situation, and a Recond Jeft orifice in the posterior urethra. Reflux took pJace only 
lnto the tower pelvis (normally placed orifice). B Nephro·ureterectomy specimen. After operation Dormal 

micturition without residuum was immediately restored 

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

3. Urethral and genital tract ectopia in the male 
In urethral ectopia the orifice lies at or above the level of the verumontanum, 

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

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

4. Ectopic ureterocele 
This important lesion has 

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

a) Anatomy 
The ectopic ureterocele differs 

in many respects from the simple 
ureterocele, and in myexperience 
has been the commoner lesion in 
childhood : sixteen cases ha ve 
been operated upon in a five 
year period. The actual ureteric 
orifice lies within the urethra 
while the ureterocele is a locali­
zed bulge of dilated ureter lying 
inside the muscular wall of the 
bladder, but deep to the bladder 
mucosa (Fig. 33). The ureter, 
which carries its own muscular 
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Fig. 33. Diagrams to show the anatomical arrangement in the 
ectopic ureterocele (see text) 

coat, is a little constricted where it passes through the detrusor and again where 
it passes down through muscle of the internal sphincter to reach the posterior 
urethra. The findings have varied somewhat and have been classified in three 
types. 

In type I, a small cystic protrusion with a comparatively narrow base is 
present at the bladder neck, showing on the cystogram as a semi-circular filling 
defect. At simple cystoscopy with the right angle instrument this may easily 
be overlooked unless the outline of the bladder neck is carefully followed; the 
trigone itself and the upper ureteric orifices appear normal. On urethroscopy 
the swelling is easily visualized and seems to be prolonged down the urethra. 
This type of ureterocele can prolapse through the female urethra and can cause 
mild bladder neck obstruction, but does not directly obstruct the other ureters. 
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In type II there is a broad based cystic protrusion occupying a large portion of 
the trigone and prolonged down as a ridge in the mid-line oE the posterior urethra 
where the ureter opens through a comparatively wide orifice. The lower pelvis 
ureter from the ipsilateral kidney is drawn up on the slopes of the ureterocele 
and the contralateral ureter may be similarly affected. This type of ureterocele 
may therefore obstruct the lower ends of the other ureters as weIl as the bladder 

Fig. 34. Bilateral ectopic ureterocele. Intramuscular pyelogram 
in a girl aged 2 years with pyuria . Only the lower pelves of the 
double kidneys a re outlined . they are displaced laterally by the 
dilated ureters from the npper pelves. The bladder shadow shows 

filling defects corresponding to the ureteroceles 

neck. When bilateral the two 
ureteroceles may fuse together 
into a single swelling, but a 
partition between them persists. 
At cystoscopy the greater part 
of the bladder is obscured by 
the bulging ureterocele , and en­
doscopic diagnosis is difficuIt. 
On the cystogram a large filling 
defect (Fig. 34) shows weIl above 
the bladder neck and to one 
side of the mid-line, its outline 
is almost a complete circle. 

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

b) Symptoms 

In general symptoms are due 
to the large reservoir of infected 
urine in the dilated ureter 
causing recurrent or persistent 
pyuria (Fig. 35) . Difficult mic­
turition due to bladder neck 
obstruction and prolapse of the 
ureterocele mayaiso occur, 
while in type 3 there may be 
incontinence due to interference 

with the sphincters. In the case illustrated in Fig. 36, the ectopic ureter, although 
uninfected became extremely dilated and acutely kinked, causing colicky ab­
dominal pain and a tumour simulating an intussusception. 

c) Diagnosis 

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



Vaginal and vestibular ectopia 45 

d) Treatment 
In most cases the essential measure of treatment is the removal of the dilated 

ureter and this may be achieved by heminephrectomy and complete ureterectomy. 
At the same time the ureterocele should be "unca pped " through the open bladder. 

A B 
Fig. 35 A and B. Ectopic ureteroceie causing gross dilatation of the upper renal pelvi. of the right kidney. A intra· 
venou. pyelogram; B heminephrectomy specimen. Girl aged 3 years with persistent pyuria and palpable en­
largement of the right kidney. Cystoscopy showed a typical Type I ectopic ureterocele. The lower renal pelvi. 

of the right kidney is displaced but not dilated 

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

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

o. Vaginal and vestibular ectopia 
In contrast to the other forms of ectopic ureter, vaginal ectopia has received 

fuH attention in the literature, and single case reports are very numerous. Apart 
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from the general reviews already mentioned, the papers by ALLDRED and HIGGINS, 
LANGLEY, SANDMANN, and WILLIAMS may be consulted. 

a) Anatomy 
The ureteric opening may be found in the vestibule a short distance behind 

and lateral to the external urinary meatus; more often it is placed higher up 

Fig. 36. Right nephro·nreterectomy specimen 
showing enormous dilata tion of the upper 
pelvis ureter in a case of ectopic ureteroeele. 
The child. a girl aged 3 months suffered severe 
spasmodic attacks of abdominal pain. The 
right kidney was palpable and the I reter was 
feit as a tense, mobile mass in th e left iliac 
fossa. The urine was sterile: rystoscopy showed 
a typical right ectopic ureterocele, and on 
intravenoLR pyp.\ograms the lower renal ele­
ment only was outlined on the right side, and 

this was severely hyd ronephrotic 

the lateral vaginal wall, or even on the cer­
vix uteri. The ureter is occasionally of normal 
calibre, and served by a renal element of good 
function, but hydro-ureter and renal hypo­
plasia are the common findings. At times 
the lower end of the ureter is extremely 
dilated, and may displace the bladder neck, 
or open into a cyst in the vaginal wall 
(TROLLE, MEADE). 

b) Symptoms 

The characteristic symptom of the vaginal 
ectopic ureter is continual dribbling in conti­
nence of urine despite normal micturitiou 
performed at normal intervals. In some 
children, the incontinence is only present 
when they are in the vertical position, since 
when the ectopic ureter is dilated it can act as 
a reservoir as long as the child is recumbent. 
Bladder function is likely to be entirely nor­
mal, but frequency may be observed at times, 
perhaps induced by parental attempts to 
minimize the incontinence; the history of 
the disorder should date from birth, but 
mothers do not always give a dependable 
account of their child's urinary habits during 
the first two years of life, and a few children 
undoubtedly have a late onset of incontinence. 
Where the opening is vestibular the ectopic 
ureter may be controlled to some extent by 
the urethral musculature, so that incontinence 
is not a feature, and intermittent pyuria is 
the presenting complaint. In the vaginal 
ureter too, severe infection will modify the 
symptoms: purulent vaginal discharge in an 

infant should suggest the presence of an ectopic ureter, while acute obstruction 
and pyo-ureter may lead to areturn to normal control. 

c) Diagnosis 
On rare occasions the diagnosis may be established by direct observation of 

the ectopic orifice: the ureter cau then be catheterized and outlined by retrograde 
ureterography. The vagina, however, is a difficult field in which to search for 
a small orifice, and since the function of the corresponding renal element is 
poor, little help can be obtained by the intravenous injection of dye. One dye 
test can be of value in exc1uding a simple urethral incontinence: the child is 
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eatheterized and the bladder filled with a fluid eontaining indigo-earmine, the 
eatheter is then withdrawn and the vulva earefully cleansed. A white pad is 
then applied and the ehild is allowed to run about: if the pad beeomes damp with 
clear urine, a vaginal ureter is eertainly present. 

Despite the diffieulties of direet observation, the presenee of an eetopie ureter 
may be surmised from the ordinary findings of pyelography and endoseopy, and 

A B 

Fig. 37 A and B. Right double kidney with ectopic ureter. ARetrograde pyelograms in a girl aged 3 years 
suffering from dribbling incontinence of urine. Two normal ureteric orifices were pre.ent in the bladder : on the 
right side the upper calyx is displaced laterally and contrasts with the opposite kidney. Exploration confirmed 
the presence of a double kidney, aud heminephrectomy was performed. B Operative specimen. Incontinence 

was completely relieved 

it is quite safe to proeeed to treatment without having aetually eatheterized the 
ureter in question. With the double kidney the presenee of a duplieation will be 
reeognized from the intravenous pyelogram even if the upper element fails to 
eoneentrate the dye (Fig.37 also see p.36). Endoseopy then shows only one 
orifiee in the bladder on the side of the duplieation, and aretrograde uretero­
gram performed with the eye of the eatheter just inside that orifiee will exelude 
the possibility of a bifid ureter. It will then be clear that the ureter draining the 
upper pelvis must end eetopieally. It should be remembered, however, that the 
eetopic ureter like other forms of duplication may be bilateral, and that on rare 
oeeasions the eetopic ureter drains a supernumerary kidney. 
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In ectopic ureter without duplication, absence of one ureteric orifice and 
asymmetry of the trigone will be noted on cystoscopy, and if the intravenous 
pyelogram shows a functioning kidney on that side, the ureter must clearly be 
ectopic. Where no concentration of dye can be seen, the differentiation from renal 
agenesis presents some difficulty. In these circumstances aortography may be 
employed to show up the kidney, but where the symptoms leave little doubt 

jet 

Fig. 38. Normal right kidney and ureter showing the "jet phenomenon" . 
Incomplete ureteric duplica tion on the left side. Intravenous pyelogram 
in a boy aged 6 years. The right ureter appears to be unnaturally pro­
longed, but is entirely normal, and the appearance is due to a jet of 
radio-opaque urine being propeIlcd into the bladder which contains 

c1ear nrine 

as to the presence of an 
ectopic ureter it may be as 
weIl to proceed directly to 
exploration. The possibility 
of vaginal incontinence with 
caudal bifurcation of a 
single ureter is discussed 
on p. 40. 

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

d) Treatment 
The incontinence due 

to ectopic ureter may be 
remedied by excision of 
the corresponding renal ele­
ment, by implantation of 
the ureter into the bladder 
or by simple ligature. The 
last method may be prac­
ticable in adults where 
there is an easy vaginal 
approach, though it is 
perhaps unreliable, but it 
is usually inapplicable to 
children. Implantation of 
a dilated ureter into the 
bladder is seldom satis­
factory because of reflux 
and the liability to infec­
tion, but this method may 
be employed if the total 

renal function is poor. In alm ost all cases nephrectomy or heminephrectomy is 
the treatment of choice, and if the ureter is at all dilated its whole length 
should be removed. In some instances the presence of the dilated stump in 
the vicinity of the bladder neck has led to persistence of the incontinence, 
and in one of the author's cases there was an associated weakness of the urethral 
musculature, so that control was finally achieved only by the use of the Millin 
sling procedure (cf. WESSON). 

IX. Ureterocele and ureteric prolapse 

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

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

The ureter above the bladder is often 
dilated, particularly in its lower third. 
The intra-mural ureter, where it traverses 
the muscle co at of the bladder, resists 
dilatation in mild cases, but ultimately 
opens up and allows the cyst to be evagi­
nated when the pressure within the blad­
der is high. This feature appears to be 
characteristics of ureterocele in child­
hood (CAMPBELL), and findings in one of 
my cases are sketched in Fig. 39. When 
the bladder is partly filled, and the intra­
vesical pressure is low, the ureterocele 
protrudes into the bladder like a balloon; 
when the bladder is tightly distended with 
fluid, evagination occurs, and the cysto­
scopic appearance is exactly similar to 
that of a vesical diverticulum. 
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Fig. 39. Evaginating meteroceIe. Diagrammatic 
para-sagittal sections through the bladder. -
A when partially filled. B when tense. Because 
of the wide dilatation of the intra-mmal ureter, 
the wall of the ureterocele can be blown back into 
the ureter, giving on cystoscopy the appearance 

of a diverticulum 

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

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

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

Fig.40. Bilateral complete duplication of the ureters with nreterocele on the ureter from the upper pelvis on the 
left side. Intravenous pyelogram in a child aged 2 years with recurrent urinary infection. Within the bladder 

shadow, the ureterocele is shown by the a rea of increased density snrrounded by a translucent halo 

to make a long "intra-mural" course; or by a "nipple reimplant " as described on 
p.54. With very advanced dilatation, however, none of these methods is 
likely to be entirely successful and then a nephro-ureterectomy may be the best 
treatment for the unilateral case. In double ureters, hemi-nephrectomy is often 
valuable. 

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

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

c. Hydro-ureter and mega-ureter 

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

I. Normal ureteric function 

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

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

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

11. Radiography and other investigations 

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

In retrograde pyelography the presence of the catheter and the sudden 
injeetion of fluid stimulate ureterie eontraetion, so that in most eases of mega­
ureter, the retrograde pyelograms will show a narrower ureter than the intra­
venous series. 

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

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

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

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

III. Vesico-ureteric reflux 

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

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

Reflux is found in a great many eonditions in childhood and a general assess­
ment of its signifieanee is hard to give. If mieturating eystograms are performed 
in a large number of cases of enuresis 01' recurrent urinary infeetion without 
pyelographic signs of abnormality, reflux will be found in a small proportion, 
though it is hard to be sure whether it has any pathological significance. If the 
film is taken at the height of bladder eontraction the ureter will certainly appear 
dilated, but without cine radiology it cannot be said whether this dilatation is 
momentary 01' lasting. It is conceivable that reflux is responsible for rendering the 
urinary tract liable to recurrent infection, but unless the ureter is large enough 
to produee a false residual urine it seems unlikely to be responsible for enuresis; 
it appears therefore that a small reflux may occur in the normal child. 

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

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

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

IV. Hydro-ureter in bladder disorders 

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

Fig.41. Hydro-ureter due to "bladder neck obstruction." Intra­
venous pyelogram in a boy aged 9 years investigated for abdominal 
pain. Micturition appeared normal, and there was no significant 
residual urine, but the bladder was heavily trabeculated. The bladder 
neck musculature was hypertrophied. Trans-urethral resection 

performed. Slight improvement in ureteric dilatation followed 

on ce the bladder has been allowed to collapse around an indwelling catheter, 
the dilated ureter may become acutely obstructed and form a palpable ab­
dominal swelling. 

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

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

v. Hydro-ureter in other reno-ureteral abnormalities 

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

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

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

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

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

VI. Infections 
It is generally conceded that urinary infection and ureteric inflammation may 

cause a slight ureteric dilatation, akin perhaps to the ileus seen in acute peri­
tonitis. Slight dilatation affecting predominantly the lumbar spindIe is quite 
commonly observed in pyelograms performed during an acute urinary infection; 
it is not a complete paralysis, for in retrograde pyelograms the stimulation of the 
injection results in anormal contraction wave. Dilatation of the lumb ar ureter 
is commonly seen below an infected staghorn calculus (Fig. 106). 

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

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

VII. The mega-ureter-megacystis syndrome 

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

1. Pathology 
Both ureters are grossly dilated with hypertrophied muscle. They are kinked, 

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

2. Clinical, radiological and endoscopic findings 

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

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

suggests must be respon­
sible for back pressure da­
mage. There is often a 
history that these children 
hold their urine for very 
long periods, perhaps all 
day, and then pass large 
quantities. Afterwards a 
second or even a third mic-
turition will still produce 
a considerable volume of 
urine. By eine radiology it 
can be demonstrated that 
despite their size, these 
bladders are capable of a 
powerful contraction which 

Fig. 42. Megaureter·megacysti s syndrome. Expression cystogram in a 
boy aged 4 mooths. Shortly after birth, bladder distension had been 
noticed: thereafter there were no abnormal signs or symptoms. The 
bladder was of large capacity bot normal 00 cystoscopy. Two years 

later, the ureteric orifices had become widely dilated 

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

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

The presence of bilateral ureteric dilatation is easilyestablished. The distinction 
from simple mega-ureter is made from the free reflux on cystography, from the 
gaping character of the ureteric orifices, and from the increased capacity of 

the bladder as revealed 

Fig. 43. Megaureter-megacystis syndrome in retention phase. Cystogram 
in a boy aged 6 years. who was found to have a distended bladder on 
routine examination. No difficulty in micturition ano HO incontinence. 
Cyston,etry showed a bladrler of very large capacity : on cystoscopy the 
bladder was trabeculated. At operation the bladrler neck feIt tight : an 
anterior Y -V plasty was performed. Biopsy showed no evidence of 
urethral fibroelastosis. After opera tion he emptied his bladder completely 

by double micturition 

by cystometry_ 
In cases which have en­

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

4. Management 

Most examples of the 
mega - ureter - megacystis 
syndrome are adequately 
controlled by conservative 
treatment. The urme 
must be sterilized by 
drugs, and if recurrent 
infection occurs, contin­
uous chemotherapy may 
be required. The urinary 
tract must be efficiently 
emptied so that the intra­
vesical pressure is never 

high: a regime of double 01' tripIe micturition, the second and third acts 
being performed 5-10 minutes after the first is usually effective, and urine 
should never be held more than 3 hours by day. Most children will co-operate 
with this regime if it is sympathetically explained to them, though the younger 
ones will naturally need many reminders. In ordinary circumstances the ureteric 
dilatation will not increase during treatment and no operation designed to prevent 
reflux is desirable. 

Attacks of acute retention will subside spontaneously after aperiod of bladder 
drainage, but when a residual urine remains, despite double micturition, some 
attempt should be made to facilitate bladder emptying. SWENSON at first ad­
vocated a supra-pubic cystostomy, and though this does ensure effective drainage, 
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it also maiiltains a chronic infection and is disagreeable to the child. He later 
employed bladder neck resection, but my own preference is for an anterior Y-V 
plasty on the bladder neck, and this followed by a double micturition regime has 
been effective in several cases. 

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

VIII. Simple mega-ureter 

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

1. Pathology 
The dilated ureter possesses hypertrophied muscle, with fibrous tissue 

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

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

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

2. Clinical, radiological and endoscopic features 
Once again, a recurrent urinary infection is the most common mode of presen­

tation, but abdominal pain, haematuria, and rarely renal swelling may bring the 
child to hospital. Pain is seldom as severe as in hydronephrosis due to pelvi-
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ureteric obstruction, and it is less 
weH localized. Haematuria may 
be due to complicating stones, 
which are relatively common, or 
to infection, but is sometimes un­
explained. A few examples are 
discovered by the routine investi­
gation of enuresis, though unless 
the urine is infected the mega­
ureter does not appear to have any 
bearing on that symptom. 

Pyelograms show dilatation of 
the whole length of the ureter 
(Figs. 44 and 46), often more mar­
ked in and sometimes confined to 
the lower third (Fig. 45) . The 
intramural ureter is always of 
normal calibre and occasionally a 
supravesical narrow segment can 
be defined (Fig. 48). eine pyelo­
graphy in most cases shows an 

Fig. 44. Unilateral simple megaureter. Retro­
grade pyelogram in a boy aged 3 months with 
persistent pyuria and left sided abdominal 
sweIling. LV.P. showed anormal right kidney, 
but no secretion on the left side. Bladder 

normal. N ephro-ureterectomy performed 

B 

Fig. 45 A and B. Simple megaureter. Intravenous pyelograms (20 minute films). A at age of 6 years. investigated 
after abrief attack of haematuria, no stone found, and no other symptoms. B at age 11 years. No treatment 

had been given and tbe boy bad had no symptoms. Dilatation unchanged 
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actively contractile ureter which forces urine down into the dilated segment, 
but the contraction waves do not completely obliterate the lumen, and the urine 

A B 

Fig. 46 A and B. Simple megaureter. Intravenous pyelograms (30 minute films) in a girl aged 7 years in­
vestigated for abdominal pain and frequency. APre-operative, showing weil marked dilatation of the whole 
length of the left ureter. B Post-operative, eighteen months after "nipple" re-implantation. In the early post­
operative period, the nipple prevented reflux aud these films suggest that a useful improvement has been 

effected, bnt a further cystogram (Fig. 47) shows free reflux into a distended ureter 

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

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

Cystoscopy, cystography and cystometry show anormal bladder unless there 
is an acute infection. The ureteric orifice is entirely normal, or appears to be 

Fig. 47. Simple megaureter (same as Fig. 46). 
Cystogram showing reflux into the re-implan­
ted ureter. This film was taken two days 
beiore Fig. 46 B, and demonstrates the contrast 
between a ureter under conditions of active 
reflux from a. contracting bladder and the 

same organ between acts of micturition 

raised on a slight pyramidal elevation, sug­
gesting a prolapse rather than a ureterocele_ 
Ureteric catheters pass with ease as a rule, 
but the differential diagnosis from congenital 
uretero-vesical stricture presents so me diffi­
culties (p. 56). 

3. Management 

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

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

In the bilateral cases demanding surgery 
conservation is evidently essential, and pro­
vided the ureter is still actively contractile, 
excision of the uretero-vesical junction and 
re-implantation using the nipple technique 
seems the best procedure. If necessary the 

calibre of the ureter can be reduced by resection at the same time. Simple 
end-to-side re-implants have often been followed by free reflux, infection and 
rapid deterioration of the kidney, and though the nipple may not last it does 
appear to prevent early deterioration. Extended ureteric meatotomy and side 
to side anastomosis have seldom proved satisfactory. 

When calculi are present in the simple mega-ureter, ureterolithotomy alone 
is inadequate and a re-implant is usually desirable. 



Urachal anomalies 65 

Sympathectomy has little place in treatment, and operations designed to 
support the ureter by burying it in the psoas muscle (CARLSON) seem doomed to 
failure. 

Fig. 48. Simple megaureter with supra-vesica! narrow segment. Intravenous pyelogram in a boy aged 1 year, 
suffering from abdominal pain. l'he film is taken obliquely to show the abrupt narrowing of the left ureter ; the 
right ureter was grossly dilated and the right kidney did not concentrate the dye. At operation no extrinsic cause 

of left ureteric obstruction was found, and the right ureter was dilated down to the bladder wall 

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

D. Congenital abnormalities of the lower urinary tract 

I. Urachal anomalies 

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

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

a) Pathology 

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

b) Clinical pieture 
The umbilical urinary fistula may be wide, and flat on the surface, or it may 

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

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

c) Treatment 
The state of the urethra and bladder neck must first be determined by radiology 

or endoscopy: if no abnormality is found, the fistulous track should be excised, 
and the apex of the bladder closed. Uncomplicated cases have an excellent progno­
sis. A few examples have responded to simple cauterization (see reviews by 
DUCLOUX and BLONDIN, HERBST) but the surgical procedure seems more 
reliable. 

2. Urachal cysts 

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

3. UrachaI diverticulum 

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

4. Blind external fistula 
A small sinus at the umbilicus may lead into a urachal canal which is closed 

off from the bladder. Infection is likely, and the sinus should be excised or 
destroyed by cautery. 

11. Rare vesical malformations 

1. Agenesis of the bladder 
Complete absence of the bladder is very rare in the surviving child, and in 

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

2. Duplications of the bladder 
True double bladder is most uncommon, although there are a number of 

malformations which, on superficial examination, suggest a duplication, parti­
cularly when an ectopic ureter or ectopic ureterocele forms a very dilated cavity. 

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

a) Complete reduplication 
Two separate organs are present, each fed by a ureter and drained by a 

separate urethra: the penis may or may not be double. Function may be good 
(NESBIT and BROMME) and no treatment is then required, but in the case of 
RAVITCH and SCOTT one urethra was abnormal and required excision after anasto­
mosis of the bladders. 

b) Incomplete rednplication 
The bladder is bilobed, but the bladder neck and urethra single. Infective 

complications are likely to be responsible for symptoms as in the case of BOIS­
SONNAT, a boy of 4 years with epididymitis. 

c) Sagittal septum 
The bladder is outwardly single but divided within. In the ca se of KOHLER 

multiple septa were present, and rendered function impossible. 

d) Frontal septum 
A good description of this type is given by MEYER. LAUGHLIN et al. describe 

a boy of 7 years presenting with incontinence and pyuria in whom a septum 
was responsible for retention in one half of the bladder. Removal of the septum 
is clearly required. 

3. Hour-glass bladder 
The bladder is partially divided by a ring-like constriction into upper and 

lower compartments, but contracting bladder muscle is present in both, and the 
condition must be distinguished from the bladder with a large apical diverticulum, 

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

4. Cysts 01 the trigone 
Cysts ansmg beneath the trigonal mucosa and eausing obstruction to the 

outflow from the bladder have been described by MICHON et al., and by BOIS­
SONNAT and BouTEAu, as weIl as a number of earlier writers. In some cases it 

eY8t 

Fig. 49. eyst of trigone. Post-mortem specimen from a girl dying at the age of 5 weeks with urinary obstruction 
and infection. The child's general condition never permitted a fnll investigation of her urinary tract, and her 
only treatment COD8isted of bladder drainage, and opening of a left peri-nephric abscess. Specimen shows a hyper­
trophied bladder, and the only obstruction found was a serous cyst projecting up from the trigone 

would appear that the eyst has been an ectopic ureterocele, but in others no 
explanation of its origin ean be given. The specimen illustrated in Fig. 49 is from 
a fern ale child dying as a result of urinary obstruetion and infeetion; the eyst was 
lined by simple flattened epithelium, and was filled with elear fluid. 

In this ease, the child's general condition never allowed treatment of the 
lesion, but clearly suprapubic excision or endoseopie destruction would have been 
possible in more favourable eircumstances. 

5. Trigonal curtains 
There are a number of cases on record in whieh a fold of mueous membrane, 

projeeting forward from the trigone, has formed a flap valve partially occluding 
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the outlet of the bladder (CAMPBELL, KOOK et al. , LEARMONTH and WATKINS). 
Both males and females have been affected and the lesion has caused a severe 
degree of urinary obstruction. Usually the diagnosis was only made during ex­
ploratory operation, for the cystoscopic appearance is extremely confusing: excision 
of the curtain leads to partial or complete relief. POOLE-WILSON has recorded 
a case in which two valvular folds were attached anteriorly above the bladder 
neck. 

6. Congenital vesico-vaginal fistulae 

Fistulae, other than those at the umbilicus, are extremely rare, but SWINNEY 
has recorded a case of dribbling incontinence in a girl due to a pinhole vesico­
vaginal fistula, unaccompanied by any other abnormality. WEBER and SCHOLTZ 
observed a new-born infant with a similar fistula leading to urinary distension 
of the uterus and vagina behind an imperforate hymen. KESSELBERG, and 
ROLLER report utero-vesical fistulae. 

111. Vesical diverticula 

1. Pathology 

It is now usually assumed that vesical diverticula, with the exception of the 
urachal remnants, are formed only where there is a urinary obstruction, and 
that if no abnormality is found in the urethra, then abladder neck obstruction 
must be present. Thus diverticula would always be regarded as acquired abnor­
malities. BADENOCH stresses this point, and cites ca ses in which excision of the 
diverticulum without bladder neck resection was followed by the development 
of ureteric dilatation, indicating the persistence of an obstructive factor. It is 
true that many diverticula are found in hypertrophied, trabeculated bladders 
with urethral valves or obvious hypertrophy of the bladder neck: they are often 
found in the male in whom obstruction is relatively common, and only rarely in 
the female. However, in children, diverticula are also encountered in bladders 
which exhibit no evidence of obstruction, and HYMAN was able to present cases 
in which simple excision of the sac, without bladder neck resection, was curative. 
As a consequence other explanations of the pathogenesis have been sought, and 
the diverticula are stated to be congenital. The term" congenital" is not accura­
tely defined, however, and may simply imply that the anomaly is present at 
birth, although the urinary tract presents many examples of acquired lesions 
which have occurred before birth (see p. 111). There appears to be little anatomical 
support for the idea that diverticula are congenital deformities in the sense of 
being active outgrowths of the bladder, for although most are covered with a 
thin layer of muscle they open through a definite hiatus in the normal detrusor 
coat. 

One of the earliest theories was that of ENGLISCH who believed that there might 
have been a temporary obstruction to the urethra during foetallife, though this 
theory would not explain the presence of a diverticulum without generalized 
trabeculation. CAULK suggested that a blind supernumerary ureter might become 
dilated and form a vesical diverticulum, an explanation which seemed to fit 
one of my cases in which a narrow elongated sac, opening immediately behind 
the ureteric orifice, ran upwards in a common adventitial sheath with the ureter, 
but this is not the usual picture and the explanation can hardly cover the majority 
of cases. CHW ALLE made a distinction between cases in which the ureter opened 
into the diverticulum, and others, regarding the former as congenital and the 
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latter as acquired. He suggested that the congenital variety might arise as a 
result of dilatation behind the occlusive membrane, which as he observed, closes 
the uretero-vesical junction in early embryonic life (from the 14 mm to the 35 mm 
stage). However, as will be seen later any diverticulum placed near the ureteric 
orifiee, will draw in that orifice as it enlarges, and the distinction made by 
CHWALLE does not appear to be justifiable. 

A diverticulum consists essentially of a herniation of bladder mucosa, eovered 
only by a thin muscular layer, through a defect in the thickened detrusor coat, 

Fig. 50. Vesical diverticulum with vesico·urethra l 
reflux. Micturating cystogram in a boy aged 8 years 
with enuresis. There was a defeet in the museular 
coat of the bladder behind the right ureteric orifice, 
but mucous membrane only protruded through the 
defect to form a diverticulum during micturition 

(see text) 

and whether a urinary obstruction is 
present or not, some local weakness in 
this coat must be presumed responsible 
for the herniation. It is because the de­
trusor consists of interlacing bundles of 
muscle rather than of a continuous sheet 
that these unsupported areas occur, and 
although herniation will usually take 
place only under the eircumstances of 
obstruction and detrusor hypertrophy, 
if a gross defeet of muscle is present, the 
normal force of bladder contraction will 
be sufficient to push out a diverticulum. 
On ce a diverticulum is formed bladder 
contraction will distend it with urine at 
each attempted micturition, and lead to 
progressive enlargement. Cine cysto­
graphy shows that in such a ca se the 
bladder is capable of contraction which 
obliterates its lumen, yet since the urine 
is driven out into the diverticulum and 
returns from it with relaxation, a "false" 
residual urine remains. In these circum­
stances detrusor hypertrophy may follow 
and with it the prominence of the blad­
der neck. 

The case illustrated in Fig. 50 was in-
vestigated at an early stage of this proeess 

on ac count of persistent nocturnal enuresis. It was demonstrated that when the 
bladder was relaxed and partly filled, the only abnormality was a slight redundan­
cy of the mucosa behind the right ureteric orifice: with bladder contractions, 
a diverticulum formed at this point, and drew the right ureteric orifice into the 
sac. At operation, a localized muscular defect was demonstrated, through which 
the mucosa eould be everted. There was no evidenee of urinary obstruction at 
the time, nor when he was re-investigated four years later. There seems no 
reason to doubt that in this case, the muscular defect was the primary abnormality. 
The cystogram of this boy also shows the reflux which oceurs into a ureter which 
is involved in a diverticulum; this reflux is a common though not a constant 
finding, and it is likely to be one of the factors responsible for ureterie dilatation. 
Fig 51 illustrates a case of severe unilateral hydro-ureter complicating a diverti­
culum of the bladder into which the ureter opened, reflux was demonstrated in 
this case only during the phase of bladder relaxation after micturition. The local 
anatomy is shown in the inset diagram : this is the usual arrangement in child­
hood whether a urinary obstruction is present or not, for it appears that the ureteric 
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orifice is less fixed in its position than in adults, and is more easily drawn into the 
sac. While the most likely site of a muscular weakness is immediately behind 
and lateral to the ureteric orifice, diverticula also occur at a higher level on the 
lateral wall of the bladder, and on the posterior wall near the apex. 

2. Clinical and radiological features 

There is no sign or symptom pathognomonic of vesical diverticulum, for 
even the classical miction-en-deux-temps may be due to dilated ureters with 

Fig.51. Vesical diverticulum. Intravenous pyelogram in a boy aged 5 years suffering from recurrent haematuria. 
Considerable dilatation of the right ureter, wl1ich opens into a vesical diverticulllm. Normal Jeft kidney and ureter. 

No trabeculation and no cystoscopic evidence of hJadder neck obstruction 

reflux. In many cases all the clinical features are those of the congenital lower 
urinary obstruction, and the diverticulum is a complication found only on in­
vestigation. Acute retention with painful bladder distension is, however, more 
common in cases with this complication. 

Recurrent urinary infection is a common mode of presentation in those cases 
without obvious obstruction: they are symptom-free between attacks. 

A diverticulum is occasionally palpable in the abdomen as a swelling distinct 
from the distended bladder, and it mayaIso be feIt on rectal examination. The 
cystoscopic appearance of the diverticular orifice is weIl known but may be 
mimicked by a widely gaping ureteric orifice such as may be seen in the mega-
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ureter-megacystis syndrome. Such a ureter often shows spontaneous contractions, 
however, whereas the patency of the diverticulum varies only with the state of 
the bladder distension and contraction; moreover a urethroscope can be passed 
into the opening and in a diverticulum the true ureteric orifice can be found on the 
medial wall. 

Cystography is valuable in identifying the presence of diverticula, but special 
positioning is required. Perhaps the best view is that used in pelvimetry (the 

Fig. 52. Vesical diverticulum. Micturating cystogram in a boy aged 
8 years with haematuria. There was a valvuIar obstructiou in the urethra 

" squat-shot") in which the 
child sits on the plate, 
leaning forward, and the 
tube points downwards be­
hind his back. The size of 
a diverticulum can only be 
judged during micturition 
(Fig. 52), since passive 
bladder distension will not 
fill the sac to its maximum. 

3. Treatment 
Small diverticula in 

which the floor is visible 
on simple cystoscopy with 
a right angle instrument, 
and which occur as part of 
the generalized sacculation 
of the bladder require no 
special treatment: the ob­
structive lesion must be 
removed. Large diverticula 
must always be excised, and 
recurrent urinary infection 
is an indication for remo­
ving even moderate sized 
ones. Extravesical dissec­
tion with ligature of the 
mucosal neck of the sac, 
and repair of the muscular 
defect is the most suitable 

type of operation, for the region of the ureteric orifice is easily mobilized in 
the child. When the ureter opens into the diverticulum, it is sometimes possible 
to leave it in continuity, excising the redundant portion of the sac and closing 
the muscle layer, but more often a deli berate reimplantation of the ureter must 
be nndertaken. In the case of a dilated ureter, the implantation must be done in 
such a manner as to prevent reflux (see p. 54). 

IV. Bladder neck obstruction and urethral fibro-elastosis 

1. Definition 
The diagnosis of congenital bladder neck obstruction has a varying significance 

in different urological centres, and a failure to appreciate these variations has 
led to considerable confusion in the assessment of treatment and results. The 
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importance of the "maladie du col" in childhood was first emphasized by MARION , 
so that the term "Marion's Disease" is now often employed: he regarded the 
disease as a cause of severe urinary obstruction, mimicking prostatic hypertrophy, 
in which the bladder neck formed a prominent rim and the urethra below appeared 
normal. Many surgeons (e.g. BOPPE and MARCEL) have continued to limit the 
diagnosis to those cases with undoubted evidence of urinary retention; they then 
find males affected more often than females, and a high proportion of their cases 
are infants with advanced renal damage. Others have enlarged the diagnostic 
category to include children complaining of enuresis, or urinary infection, in 
whom the bladder neck appears hypertrophied, but the signs of obstruction are 
questionable. Their cases are as often girls as boys, and predominantly in the later 
age groups, often including a high proportion of adolescents. The advent of 
endoscopic resection has been chiefly responsible for this development, for while 
those accustomed to perform open operations for bladder neck obstruction 
confine that diagnosis to a few seriously affected children, the resectionists find 
a great many cases on which to exercise their skill. The criteria of diagnosis are 
seldom clearly defined by the laUer group: in EMMETT and SIMON'S series it 
appears that trabeculation was present in only half the total number, that 
residual urine was minimal in a high proportion, and that no less than one quarter 
complained only of enuresis, but the bladder neck "looked obstructive" in almost 
all. Similarly MILLER finds bladder neck obstruction a common cause of simple 
enuresis in both boys and girls, and makes his diagnosis by rectal palpation 
against the cystoscope when he can feel the thickened muscle. TnOMPSON suggests 
that bladder neck obstruction is a common cause of recurrent infection, but 
believes that it often responds to simple dilatation, he appears to regard the 
obstruction as sometimes due to a mucosal or submucosal change, rather than to 
a muscular disorder. It is clear that these authors treat many children with 
enuresis or recurrent urinary infection by resection where others, including the 
present writer, would employ medical regimes, and the description of bladder 
neck obstruction as given in this section would not fit the majority of their cases. 
It is of course, argued that these enuretic children with prominent bladder necks 
have the same disease as those with chronic retention though in a milder form: 
the discrepancy in the sex incidence noted above makes this unlikely, however, 
and it is admitted by all that advanced changes are uncommon in girls or young 
adult women. 

A further confusion has arisen from the inclination of many authors to include 
examples of neurogenic bladder due to myelodysplasia in the same group as 
congenital bladder neck obstruction. It is true that in a few cases difficulty 
arises in differential diagnosis, but my own experience suggests that there is a 
fundamental difference between the two disorders, and a corresponding difference 
in what can be accomplished by treatment. The neurogenic bladder is almost 
always accompanied by other neurological signs, and by a bony deformity of the 
vertebrae (see p. 128) but the observation of an uncomplicated spina bifida, 
revealed only by X-rays, is irrelevant and does not assist diagnosis. Furthermore 
the great majority of congenital neurogenic bladders are expressible, whereas 
the mechanically obstructed bladder, except in the uraemic infant, can only be 
expressed under anaesthesia. 

The basic difficulty of definition has arisen from the fact that the clinical and, 
until recently, the pathological diagnosis has been made by a process of exclusion, 
rather than on any positive finding. The presence of bladder neck hypertrophy 
associated with signs of urinary obstruction is no certain indication, for it will be 
equally evident in most distal urethral obstructions, due to valves, diverticula 
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etc.: the bladder neck musculature then hypertrophies together with the detrusor, 
as areaction to obstruction, not as its cause. It is only when the urethra itself is 
apparently normal that the bladder neck hypertrophy is regarded as the primary 
abnormality, but a diagnosis based on this negative finding is apt to be unreliable, 
since cases of retention due to mega-ureter-megacystis syndrome (p.57) and 
those with large congenital vesical diverticula are apt to be included. Arecent 
advance, described below, in the understanding of the pathology may ultimately 
clarify this situation. 

2. Pathology 

MARION stressed the simple muscular hypertrophy found in the region of the 
internal sphincter, and subsequently many authors have compared the disease to 
infantile pyloric stenosis, cardiospasm and other sphincter disorders for which 
the evasive term neuro-muscular inco-ordination has often been accepted as an 
explanation. Other observers have emphasized the factor of sclerosis: thus 
CAMPBELL refers to the condition as sub-mucous fibrosis, and although it is ad­
mitted that large instruments can always be introduced, the term bladder neck 
stenosis is sometimes employed. Recently, however, BODIAN has demonstrated 
a clear cut pathological change described as fibro-elastosis affecting the whole 
posterior urethra in these children. Working on post-mortem material at the 
Hospital for Sick Children, and on biopsies of my cases, he finds that the deve­
loping prostatic tissue is abnormal in structure and distribution. The normal 
prostate in an infant consists of simple glandular structures intermingled with 
plentiful smooth muscle fibres; in the abnormal, glands are rare, whilc fibrous 
and elastic tissue predominate; moreover instead of being concentrated in a 
comparatively short segment of the posterior urethra, this prostatic tissue 
extends from the bladder neck above to the corpora cavernoSa below. The 
verumontanum is affected by the change, and is often somewhat enlarged. It 
is postulated that this fibro-elastosis leads to an increased resistance to normal 
distension, and so to an obstruction to urine flow: detrusor hypertrophy, and 
with it hypertrophy of the bladder neck musculature, then folIows. It must be 
emphasized that this change has only been demonstrated in the severe obstruction 
of young males, and it cannot yet be affirmed that it is the invariable pathology 
of so-called bladder neck obstruction. It is very doubtful whether any such 
lesion would be found in the numerous cases in both sexes with slight bladder 
neck hypertrophy described by EMMETT and SIMON. Furthermore, as will be 
emphasized later, the retention phase of the mega-ureter-megacystis syndrome 
is responsible for apparent severe bladder neck obstruction in many older children, 
particularly in girls, and in them no urethral fibro-elastosis is found. 

3. Symptomatology 

Severe cases presenting in infancy are clinically indistinguishable from 
urethral valves and other congenital urethral obstructions: they present with 
a distended bladder, overflow incontinence, and usually signs of renal failure. 
In later childhood, incontinence, by day as weIl as by night, a poor stream, 
recurrent urinary infection, haematuria and abdominal pain may draw attention 
to the condition. There is no characteristic symptom, and the diagnosis can only 
be made as a result of urological investigation, carried out in ca ses of retention 
along thc lines suggested in Section E. 
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4. Diagnosis 

The presence of residual urine, trabeculation oI the bladder, and ureteric 
dilatation usually leaves little doubt as to the presence oI an obstruction, and 
clinical examination should exclude any neurological cause or a mass in the 
pelvis pressing on the urethra. Vesical diverticula are often associated with 
urethral fibro-elastosis , but their presence is not a necessary indication of obstruc­
tion, for the primary abnormality may be a defect in the detrusor coat, and the 
diverticulum itself can be re-
sponsible for "false " residual 
urine due to distension during 
bladder contractions (p. 70). 

The bladder neck is seen 
with a right angled cystoscope 
as a raised rim posteriorl y, and 
with the urethroscope as a 
shelf projecting forwards above 
the verumontanum. The ure­
thra is not dilated, although 
it may appear wider than nor­
mal immediately below the 
bladder neck. 

The urethrograms may be 
entirely normal (Fig. 53), or 
the bladder neck hypertrophy 
may produce an unusual in­
dentation in the urethral out­
line (Fig. 54). At times the 
posterior urethra cannot be 
distended at all, either by 
micturition or by expression 
under anaesthetic, and only a 
thin trickle of dye is seen. 
Rarely the upper urethra, be­
low the prominent bladder 
neck is dilated, but tapers 
down to a point below the 
verumontanum, an outline 

Fig. 53. "Bladder neck obstruction". Expression cystogram in a 
boy aged 5 years suffering f] om chronic retention of urine with 
overflow incontinence. The urethrographic outline is normal. Two 
vesical diverticula are present. An extensive bladder neck resection 
was carried out, but there was a long delay in re-estabJishing 

micturition 

which contrasts with the bulging dilatation due to valvular obstruction. A case 
of this type, illustrated in Fig. 55, was proved at post-mortem to have the typical 
lesion of urethral fibro-elastosis, and doubtless a concentration of abnormal tissue 
in the lower part of the posterior urethra was responsible for the slight dilatation 
in the upper part. 

Some examples of the mega-ureter-megacystis syndrome in the retention 
phase may closely mimic the fibro-elastosis cases, but differentiation may be 
made from the following points. The bladder capacity in megacystis is large, 
usually 800-1,000 ml in children of 8 to 10 years, measured under conditions 
of cystometry. Trabeculation is absent or slight, represented often by a few 
strang bands. The ureteric orifices gape, and are usually wide enough to allow 
the introduction of the urethroscope with which slow rhythmic ureteric con­
tractions may be observed. By contrast in the fibro-elastosis group the bladder 
napacity is seldom more than 500-600 ml, and heavy trabeculation is the rule, 
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sacculi and diverticula are common: the ureteric orifices are normal unless placed 
within a diverticulum, and reflux only occurs late, when ureteric contractions 
have almost failed. A poor stream and incontinence are usual in the fibro-elastosis 
children, whereas in the megacystis cases it is quite often stated that micturition 
is normal even when an enormous vesical residuum is present. At operation, the 

in ter-met rie 
bar 

Fig.54. "Bladder neck obstruction." Mictmating cystogram in a boy aged 1 year wUh chronic retention of 
urine. The posterior Hp of the bladder neck is prominent but the methra is not dilated. The notch in the 

posterior profile of the bladder represents the hypertrophied inter·ureteric bar 

bladder neck may resist digital dilatation in either group, but it is sometimes 
surprisingly lax. Biopsy of a long strip of the anterior wall may confirm the 
diagnosis of fibro-elastosis. 

5. Treatment 

The management of retention in general is discussed in Section E, the ob­
structing lesion itself may be dealt with by endoscopic resection or by open 
operation. None of the methods at present in use is ideally adapted to the 
lesion, a fibro-elastosis affecting the whole length of the posterior urethra, parti­
cularly in the posterior wall . If an open "wedge " resection is performed, a large 
amount of tissue should be removed, in fact MARION advocated removal of the 
entire circumference of the bladder neck. In girls there is adefinite risk that 
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wide resection, or subsequent attempts to control haemorrhage will result in the 
formation of a vesico-vaginal fistula, and in them if not in all cases an anterior 
plastic operation is perferable. I am accustomed to perform a Y-V plasty, 
centred at the bladder neck, and bringing the V shaped wedge of anterior bladder 
wall down to widen the urethra. Trans-urethral resection is adequate for many 
cases, though in chronic retention it is necessary to remove rat her more tissue than 
first inspection might suggest. 

In young children and infants with retention, any of these operations may be 
followed by aperiod in which micturition is difficult to re-establish since only 
apart of the fibro-elastosis tissue has been removed: prolonged catheter drainage 

Fil/. 55. Urethral fibro·elastosis. Expression cysto·urethrogram in a boy aged 4 months with chronie retention. 
Films show bladder neck hypertrophy with tapering dilatation of posterior urethra . After death from uraemia. 

post-mortem specimen showed typieal fibro·elastosis 

and repeated dilatation may be necessary. Ultimately micturition without 
residuum is recovered, but then it is often found that some stress incontinence is 
present: the fibro-elastosis involves a change in the urethral wall which not only 
presents resistance to normal distension, but when this resistance has been finally 
lowered sufficiently to allow emptying of the bladder, it damps down the normal 
elastic recoil. It therefore interferes with the mechanism which maintains con­
tinence following closure of the external sphincter in cases where the internal 
sphincter has been destroyed. This stress incontinence has a tendency to spon­
taneous improvement in the co-operative child, but where it is very persistent, 
a plication operation on the urethral bulb may be justifiable. 

Diverticula require operative excision, and some of the best results as judged 
by intravenous pyelograms (Fig. 56) are seen in those cases where diverticula 
have been removed. The dilated ureters will recover only when the obstruction 
is treated in its early stages, and often irreversible changes have occurred when 
the child is first seen. Occasionally operation is required to straighten kinked 
ureters or to remove an advanced hydronephrosis, for the effect on the upper 
urinary tract is often asymmetrical. 

Recovery of renal function is often better than the improvement in the ureters, 
but the child will remain liable to urinary infection and therefore to pyelonephritic 
destruction of the kidneys. 
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A 

B 

Fig. 56 A and B. "B1adclp.r neck obstruction" with vesica! diverticula in a boy aged 10 years. Intravenolll! 
pyelograms A before; B after divertieulectomy and resection of b!adder neck 

v. Urethral obstructions 

1. Congenital obliterations of the urethra 
Complete obliteration of the urethral lumen is an important cause of failure 

to pass urine after birth: lesser obstructions usually allow an overflow. Ob­
literations of the posterior urethra are almost uniformly fatal, but if the penile 
urethra is affected the prognosis is quite good. 

a) Oblitcrations at thc level of thc bladder neck 
This type is commonly associated with very great dilatation of the bladder, 

sometimes causing dystocia, and advanced changes in the upper urinary tract 
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with either hydronephrosis or renal hypoplasia. The urethra below may or may 
not be patent, but often gross anomalies of the external genitalia are present. 
In male ca ses the rectum often ends blindly in the posterior bladder wall. This 
type of bladder disorder has been fully discussed by KRUGER: almost all cases 
have ended fatally, though one observed by the author lived for several days. 
Treatment is better with-held. 

b) Obliteration 01 the membranous urethra 
If no fistulous tract is formed, this type of obliteration is likely to be as destruc­

tive of the kidneys as the last mentioned, but an opening may be found at the 
urachus, into the rectum in the male (MAY), or into the vagina in the female. The 
obliteration appears to be a localized atresia, and affects alllayers of the urethral 
wall. The anterior urethra is usually patent and instrumentation will indicate the 
site of the obstruction. It is not possible to lay down any standard line of treat­
ment, which must clearly vary with the precise circumstances. 

c) Obliterations 01 the penile urethra 
A large number of cases have been reported (summarized by MENEGAUX and 

BOIDOT, and DOURMASHKIN) of occlusion of the terminal urethra. Failure to 
pass urine at birth, with distension of the bladder, has drawn attention to the 
disorder, but the general condition of the infants has been good. Often no urethral 
meatus could be seen, yet a process of probing, sometimes prolonged and forceful, 
has eventually established a channel through to the proximal urethra. In spite 
of this traumatic instrumentation, these infants appear to have commenced 
normal micturition so on afterwards, and the upper urinary tract has shown 
little evidence of dilatation. It seems likely therefore that the urethra was not 
absent in these cases as some authors suggested, but was temporarily obliterated 
by epithelial debris. Occlusion of a short segment is commonly observed in cases 
of coronal hypospadias, but can quickly be remedied by gentle probing, and it 
may be that in some of the reported cases of absence of the terminal urethra, 
this type of hypospadiac meatus was overlooked. 

2. Urethral diaphragms and strictures 

Meatal stenosis is not considered in this section (see p. 244), and apart from 
that group, congenital strictures are almost exclusively found in the male. In 
clinical practice it is difficult to make any distinction between a short stricture 
and a diaphragmatic obstruction, so that these two anomalies are conveniently 
discussed together. Either may be responsible for a high grade urinary obstruction, 
presenting at birth or during early childhood, but both are rare, being encountered 
much less often than urethral valves and in contrast to the valves they constitute 
an obstruction to instrumentation, as weIl as to micturition. 

Most of the severe forms of stenosis have affected the prostatic urethra, and 
have often been responsible for death during the first weeks (EHRLICH, CHADWICK 
and MEADOWS, CROWELL and ANDERSON). A diaphragm with a central perforation 
(iris diaphragm, YOUNG and McKAY) may be present above or below the 
verumontanum, and will produce all the secondary obstructive changes commonly 
seen in association with urethral valves: proximal dilatation of the urethra, 
detrusor hypertrophy with prominence of the bladder neck, vesical diverticula, 
hydro-ureter, hydronephrosis, or renal hypoplasia. These cases present with 
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overflow incontinence and uraemia, and will be brought to light by the routine 
investigation described on p. 114. The urethrogram will demonstrate the level 
of the obstruction (Fig. 57) and on urethroscopy, the concentric stenosing ring 
will be found above the external sphincter. A diaphragm is easily destroyed 
by endoscopic diathermy, but astrieture may require dilatation. Sinee renal 

.itr 01 
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Fig.57. Diaphragmatic obstruction of the posterior urethra. Expression cysto-urethrogram in a boy aged 3 years 
wi th chronic retention oi urine. There is annular constriction oi the posterior urethra immediately below the 

verumontanum 

damage is usually advaneed when the infant is seen, the prognosis is apt to be 
poor. 

A few strietures present in later ehildhood or in adoleseenee, but at this age 
it is often diffieult to exelude an aequired lesion. FAGERSTROM, and BUSCH 
deseribe posterior urethral obstruetion of this type, eausing diffieult mieturition. 
In their eases dilatation was an adequate treatment. BRowN mentions an anterior 
urethral strieture in a boy of 10 as a eause of enuresis, and I have eneountered 
a similar ease; the diagnosis should be made with eaution and the normal narrow­
ing at the peno-serotal junetion must be reeognized. Diffieulty in instrumen­
tation does not neeessarily imply astrieture. Treatment may follow the line 
suggested for aequired strietures (p. 248). 

TSENG reports an interesting ease of a diaphragm in the penile urethra, with 
a fistula immediately distal to it. 
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3. Posterior urethral valves 

a) Pathology 

Valvular folds of mucosa are the commonest cause of serious congenital 
urethral obstruction in the male: in the female their presence is rare and question­
able. Although recognized by earlier authors, H. H. YOUNG and his co-workers 
gave the classical description of the malformation, which has been little improved 
upon by later observers. He described three main types, illustrated by a familiar 
diagram given in Fig. 58: in Type I, two folds are raised on the posterior urethral 
wall, and run downwards and laterally from the verumontanum; in Type II 
multiple folds run upwards from the verumontanum to the bladder neck; Type III 
is an iris diaphragm as described in the pre­
vious section. Valvular folds may be uni­
lateral, and they may sometimes gain an 
attachment anteriorly (NESBIT and RAPER). 

The ridges described as Type II valves may 
be seen together with Type I, and it may 
therefore be suspected that the former are 
secondary formations consequent upon the 
obstruction, and not a primary cause. 

!ypeu Type I valves are the common findings 
with which we are here concerned: it will 
be seen that their situation is the same as 
the normal low ridges (submontanal folds) 
which can be seen in the male urethra, and 
in my opinion they are simply exaggerations 
of these normal structures. Examination of 
the urethra in embryos of the 50-100 mm 
stage shows that during this period very pro- Fig. 58. Congenital valves in the posterior 

urethra . Diagramg to show the three types 
minent ridges are normal, and a failure of originally described by Young 

the usual process of regression is presumably 
responsible for their persistence as an obstructive factor. Valve formation is 
thus a comparatively minor departure from normal development, and associated 
malformations, as opposed to consequent lesions, of the urinary tract are un­
common. The similarity of the "valve " to the normal submontanal fold is so 
close that the obstructive nature of the valve has sometimes been called in 
question, some observers asserting that bladder neck obstruction is the usual 
cause of retention but a urethral dilatation ceasing abruptly at the level of the 
valve is usual, and destruction of the cusps can lead to restoration of normal 
micturition. 

The typical post-mortem appearances are illustrated in (Fig. 59). In order 
to demonstrate these valves it is essential to remove the entire urethra, and to 
distend it before fixation. The verumontanum is usually enlarged, and the folds 
spring from its lower pole, curving downwards and laterally to fuse with the 
urethral wall at or immediately above the level of the perineal membrane. The 
posterior urethra is grossly dilated, its wall thickened and muscular. The bladder 
neck is hypertrophied and stands out as a prominent ridge separating the smooth 
urethral cavity from the trabeculated bladder. Detrusor hypertrophy is extreme, 
and may prevent complete bladder contraction; sacculation is usual and diverti­
cula may occur. The ureters are grossly dilated and tortuous, the kidneys hydro­
nephrotic or hypoplastic (p. 111). 

Handbuch der Urologie, Ud. XV 6 
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b) elinieat features 

Many cases of urethral valves present during earliest infancy with vomiting 
and failure to thrive owing to uraemia. Most of these have distended bladders and 
overflow incontinence, and clinically it is impossible to distinguish them from 
many other forms of congenital bladder neck and urethral obstruction. The mani-

Fig. 59. Congenital valves in the posterior urethra. Post-mortem specimen from a boy dying at 3 days. 
The posterior urethra is enormously dilated down to the level of the valvular fold 

festations of chronic retention are discussed at length in Section E, and only a 
few special points revelant to urethral valves need be mentioned here. They are 
present from early foetal life, and symptoms therefore often appear soon after 
birth, but it is unusual for valves to cause complete retention: overflow is almost 
a,lways possible. 

The bladder is seldom distended above the umbilicus, to which it may be 
attached, and the renal swellings are often a more prominent feature. With a 
finger in the rectum, it is sometimes possible to palpate the dilated urethra as 
distinct from the distended bladder. Rare complications are umbilical urinary 
fistula, and ascites due to perforation of the bladder. 
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A valve case diagnosed in early infancy has alm ost always irreversible changes 
in the upper urinary tract and a severe degree of renal damage, which may have 
been incurred before birth: the prognosis is correspondingly poor. In later age 
groups, difficult micturition and incontinence due to overflow, recurrent urinary 
infection and haematuria are more common modes of presentation, and the renal 
damage in these is less ad­
vanced. Neverthelees it is un­
common to find true urethral 
valves without weH marked 
back pressure effects, indeed 
the mucosal fold can scarcely 
be said to be valvular unless 
it causes an obstruction, and 
in my view valves are a very 
unusual cause of simple enuresis. 
CAMPBELL also emphasizes the 
severity of the obstruction com­
monly associated with urethral 
valves. 

c) Diagnosis 
The diagnosis of chronic 

retention is made on clinical 
grounds, the diagnosis of the 
cause is made by radiology and 
endoscopy. The radiological 
methods are discussed and weH 
illustrated by J ORUP and KJELL­

BERG. In infants the expression 
urethrogram will show a dila­
tation of the whole posterior 
urethra, with a narrowed bulb 
(Fig. 60) and the dilated portion 
appears in the lateral view to 
bulge over the distal segment. 
The bladder neck hypertrophy 
produces a distinct shelf, and 
unless the urine is actually being 
passed or expressed, the urethra 
may not be filied. In older 

Fig. 60. Congenital valves in the posterior urethra. Expression 
cysto-urethrogram in a boy aged 3 weeks with chronic retention . 
The posterior urethra is greatly dilated, with a " bulging" lower 
end. There is son.e reflnx into the seminal vesic\es and free 

reflux into dilated and extremely tortuous ureters 

children, in whom micturating urethrograms are possible the contrast between 
the dilated and the narrow segment may not be so extreme, but it is always 
present. The dilated urethra bulges on either side and never tapers towards the 
obstruction. The actual outline of the valves may be discernible in the antero­
posterior view (Fig. 61), but transverse linear filling defects should not be 
diagnosed as valves uniess proximal dilatation indicates their obstructive nature: 
using viscous contrast media almost horizontal mucosal folds, sometimes mul­
tiple, may be outlined in the normal urethra. 

On urethroscopy, the valves are best visualized by a direct viewing telescope, 
they form crescentic folds running downwards from the verumontanum. It is 
sometimes difficult by inspection of the fold alone to say whether it is valvular, 
but the condition of the proximal urethra normally gives a clear indication: 

6* 
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it is a widely dilated cavity below a hypertrophied bladder neck. The same 
fact can often be appreciated with a metal catheter, which although it is not 
held up by the valves may be difficult to introduce into the bladder because 
the bladder neck is a comparatively small opening at the top of a wide cavity. 

It is preferable to make the diagnosis from the combined evidence of radiology 
and endoscopy. 

d) Treatment 

The treatment of urethral valves cannot be separated from the management of 
chronic retention in general, and biochemical correction and relief of obstruction 

Fig. 61. Congenital valves in the posterior urethra. 
Micturating cysto-urethrogram in a boy aged 8 years, 
with overflow incontinence. The posterior urethra is 
dilated, and the filling defect of the verumontanum, 
with two folds running downwards from it, can be 

made out 

may take precedence over all 
other measures (see p. 115). 

Destruction of the valvular 
fold may be achieved endoscopic­
ally or at open operation. The 
"blind" rupture of valves by 
passing a steel bougie downwards 
from the bladder is in my ex­
perience difficult and unsatis­
factory: the bougie may not 
engage the fold or once engaged 
may cause more damage to the 
urethral wall than to the valve. 
Exposure is possible by the retro­
pubic approach, making a longi-

\'101 \'0 tudinal incision in the posterior 
urethra, and a good view of the 
valves may be obtained in this 
way, but in young infants this 
approach is difficult and bloody. 
As will be seen in Fig. 59 the 
valves are very deeply placed, 
and remote from the abdominal 
incision. Endoscopic diathermy 
is the most satisfactory method 
to employ: in the small infant a 

simple pointed diathermy electrode passed through a urethroscope may be 
sufficient while in larger children a diathermy loop on a miniature resectoscope 
is preferable. Whenever the anterior urethra does not readily admit the in­
strument, a perineal urethrostomy should be made, and this opening is con­
veniently used for an indwelling catheter post-operatively. 

The secondary changes in the bladder and urethra are such that a complete 
restoration of normal anatomy cannot be expected: Fig. 62 shows the degree 
of improvement in the dilatation of the posterior urethra. Since in infants the 
valves are weIl down in the membranous urethra, their removal may leave an 
inadequate external sphincter, and as the internal sphincter may have been ren­
dered incompetent by proximal dilatation, a post-operative stress incontinence 
is not unlikely. This disability is easily overlooked in infancy, but may be 
troublesome later on, though there is a tendency to spontaneous improvement 
with the passage of years. 

Diverticula of the bladder may require excision, and at times the acutely 
kinked ureters become secondarily obstructed and require drainage or even 
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nephrectomy. There is always a liability to infection in the damaged urinary 
tract, and a year of continuous chemotherapy after operation is advisable. 

The prognosis depends upon the state of the kidneys: in some there is inade­
quate renal tissue, and although micturition is restored, a slowly progressive renal 
failure may be fatal many years later (p. 221). 

A 

B 

hladtlcr 
ncc'k 

Fig. 62 A and B. Congenital valvcs in the posterior urethra. Expression cysto-urethrograms (under anaesthesia) 
in a boy aged 9 months suffering from chronic retention of urine. APre-operative. Thc hypertrophied bladder 
neck creates a shelf separating the dilated urethra from the bladder; the posterior urethra bul~es over the 
narrow bnlbnr region. B Post-operative. The posterior ur~thra has narrowed down and now has a tapered 

lower end. The perineal urethrostomy openin~ is not f •. ;lly healed 

4. Anterior urethral valves 

A partial duplication or a diverticulum of the urethra. may constitute a valvular 
obstruction (BOISSONNAT), but on rare occasions a simple mucosal fold is re­
sponsible. The fold is crescentic and placed horizontallyon the ventral wall of the 
urethra in the region of the peno-scrotal junction. In three personal cases, aged 
3, 4 and 9 years, with this malformation, each child presented with difficult 
micturition, a distended bladder and hydro-ureters, but there was no obstruction 
to the passage of instruments. The diagnosis will not be missed if a good expression 
or micturating urethrogram is obtained (Fig. 63) but it is very easy to overlook 
the valves on urethroscopy since this part of the urethra is seldom inspected with 
care. 

The valve is easily displayed by urethrotomy, and may be cut away. Since 
there is some danger of its re-formation, sounds should be passed periodically for 
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some months, or an operation similar to that described for urethral stricture by 
JOHANSON may be undertaken. 

5. Hypertrophy 01 the verumontanum and othcr rare obstructions 

It has already been noted that in the presence of obstructing posterior 
urethral valves and in urethral fibro-elastosis the verumontanum is hypertrophied. 

Fig. 63. Anterior urethral valve. Tracing 
from urethrogram in a boy aged 4 years 
suffering from difficult micturition and 
incontinencc. Urethroscopy and subse­
quently urethrotomy demonstrated acres· 
centic fold at the level of the obstruction 

BUGBEE, and subsequently other authors, BAL­
DRIDGE, EMMETT, PILCIIER and PRICE, have also 
described hypertrophy as the primary cause 
for obstruction in young infants. The aetiology 
of this enlargement is unknown. In most re­
spects these cases have resembled cases of 
urethral valves and treatment has consisted 
in diathermy reduction or resection of the 
verumontanum. It must be recognised, however, 
that the verumontanum is a somewhat variable 
structure, and its exact size is hard to estimate 
urethroscopicaIly; it may be suspected that in 
some reported cases valves or other obstructive 
lesions have been overlooked. 

Polypoid masses of muscIe tissue are occa­
sionally encountered in the posterior urethra, 
and may be obstructive (NESBIT and RAPER). 

In a few cases with evident back pressure effects on the upper urethra, it 
must be admitted that no cause of obstruction can be found. The case illustrated 

Fig. 64. Urethral obstruction of unknown origin. Cystogram in a boy aged one week with chronic retention 
of urine. The bladder is trabeculated and thcre is an enormous dilatation of thc posterior urethra, which fills the 
entire bony pelvis. No valve or other organic obstruction could be found on urethroscopy or at operation. Died 

of uraemia aged 6 months 

in Fig. 64 showed an enormous dilatation of the prostatic urethra, with hyper­
trophy of muscle and elastic tissue in its wall, but no cause was discernible at 
urethroscopy, at open operation, or later at post-mortem dissection. 



Congenital urethral diverticula. 

VI. Urethral diverticula and duplications 

1. Congenital urethral diverticula 

87 

Congenital diverticula of the anterior urethra are an uncommon but important 
cause of chronic urinary obstruction in male children, and although they are 
sometimes associated with severe ante-natal destruction of the kidneys (e.g. 
TERNOVSKY), many cases are easily and satisfactorily corrected by operation. 
The diverticula most often occur in the region of the bulb of the urethra; the 
orifice is comparatively narrow, and the sac is elongated, lying alongside and 
compressing the normal channel. It often has the appearance of an abortive 

!li/oterl proximal urethra 

lIorrow 
distol lire/lira 

Fig. 65. Urethral diverticulum. Expression urethrogram in a boy aged 2 years with chronic retention of urine. 
An elongated diverticulum opened from the bulb of the urethra, and compressed the normal channel. Recovery 

after excision 

duplication, and is clearly a congenital malformation rather than a herniation 
consequent upon a distal urinary obstruction. The sac is distended with each 
act of micturition, and its enlargement increases the pressure upon the urethra. 
In the case reported by FORSHALL and RICKHAM the distension was evident 
clinically, as a swelling in the perineum, but most of the cases of bulbar diverti­
culum have been discovered only on endoscopy or radiography (Fig.65) (e.g. 
GROSS and BILL), a fact which emphasizes the great importance of a complete 
investigation in cases of chronic retention of urine. The opening may be found 
only with some difficulty on urethroscopy, but micturating or expression urethro­
grams will give a clear picture of the condition. Excision of the diverticulum 
gives excellent results. 

A less common form of diverticulum occurs in the penile urethra (Fig. 66), 
the orifice is so wide that on dissection it is difficult to identify any neck to the 
sac. This type presents as an obvious enlargement of the penis, and can be outlined 
by an injection urethrogram. There may be an accompanying meatal stenosis, 
but it seems likely that the diverticulum is due to incomplete development of the 
urethral wall rather than to obstruction, and the "megalo-urethra" described 
below may be simply a severe degree of the same defect. 
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An enlarged utriculus masculinus might be considered as a urethral diverti­
culum, and occurs in the intersex group (Section P III). Utricular cysts in the 
normal male have been found chiefly in adults (LANDES and RANSOM): McKENNA 
and KIEFER have, however, recorded a case of a boy aged 3 years suffering from 
retention of urine and fistulae in the groin as a result of an infected utricular 
cyst, while cysts arising in Cowper's glands and causing obstruction have been 

Fig. 66. Urethral diverticulum. The penis during expression of 
urine in a boy aged 13 days. The swelling is due to a wide 
necked diverticulum of the penile urethra. There was advanced 
hydronephrosis, and the blood urea was 110 mgm/lOO ml on 
adminission: the boy died of uraemia one month after operation 

described by HOWELL et al. and 
by McKENZIE. 

True urethral diverticula in 
the female, although sometimes 
regarded as congenital, do not 
appear to have presented in 
childhood. J OHNSON mentions a 
cyst in the vagina of a neonate 
in discussing urethral diverticula, 
but the description of his case 
suggests a hydrocolpos. 

2. Megalo-urethra 

Cases of enormous dilatation 
of the anterior urethra have been 
described by BOIS SONN AT, CAMP­
BELL, and by NESBIT : a further 
example has been shown to me 
by ELLISON NAsH. The penis is 
grotesquely enlarged, reaching 
weIl below the knees, it is flabby 
and urine can squeezed from it; 
the skin is extremely redundant 
and the glans entirely hidden. In 

NESBIT'S case, the corpora cavernosa were present and the deformity seemed 
to be an exaggeration of the condition in which a diverticulum is formed 
by a defect of the urethral wall (Fig. 66), but in other cases the corpora were 
absent, and the penis was simply a bag of urine. 

3. Duplications 01 the urethra 
A double urethra is found in complete duplication of the bladder (p.67) 

and in some examples of double penis (p. 239); the malformation mayaiso 
occur in less obvious circumstances, and since it may not interfere with normal 
function, it is liable to be overlooked. The subject has been ably reviewed by 
BOISSONNAT. 

The accessory urethra may lie dorsal to the corpora cavernosa, and open on 
the dorsum of the penis or on the glans through a broad slit-like orifice somewhat 
resembling the meatus in epispadias. If such a urethra is incomplete and uninfected 
it will cause no serious symptoms, but where it continues through to the bladder 
it may be responsible for dribbling incontinence (GROSS and MOORE). Excision 
is a simple matter and curative. 

Where the accessory channel is placed between or ventral to the corpora 
cavernosa, it may open into the normal urethra either proximally or distaIly, it 
may be blind at one end, or it may terminate on the glans. In hypospadias, an 
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accessory channel lying dorsal to the normal is comparatively common, hut 
seldom reaches further back than the perineal membrane. Symptoms may be 
entirely absent, but chronic infection will lead to a peristent discharge, and 
occasionally there is an obstruction at the junction of the normal and accessory 
channel, causing chronic retention of urine (HIGGINS, WILLIAMS and NASH). 
It is often sufficient to lay the two channels open into one another. 

Duplication of the membranous urethra alone, causing fatal urinary obstruction 
has been described by LIBAN. An accessory urethra lying ventral to the normal 
channel, extending into the perineum and up into the region of seminal vesicles, 
causing a perineal abscess in a boy of 2 years is reported by RINKER. 

Complete double urethra may be a cause of urinary incontinence in the female 
(MAsoN-BRowN, DE NICOLA and McCARTNEY), the accessory urethra usually 
lying behind the normal, and opening on or behind the trigone. Excision of 
such a urethra is usually required but it may be possible to obliterate it by the 
injection of sclerosing solutions. 

VII. Malformations associated with absent abdominal muscles 

1. Definition 

There is an interesting and by no means rare syndrome in which congenital 
absence of the abdominal muscles is associated with malformations of the urinary 
tract. The disorder affects males almost exclusively: only three females with 
absent muscles are recorded, and in these the findings were not typical, nor was 
the urinary tract abnormal (SILVERMAN and HUANG, DE BORD). 

The muscular deficiency involves the lower part of the recti, and the lower 
and medial part of the oblique muscles; sometimes a thin fibrous sheet is found, 
or even a thin, lax muscular layer, but often there is nothing but fat between 
the skin and peritoneum. The skin itself is often wrinkled and lies in redundant 
folds as if it had been stretched, but it seems more closely attached to the fatty 
layer than in a normal infant (Fig. 67). 

In the older, and less severely affected children, this wrinkling is not so 
marked, but on standing the laxity of the abdominal wall gives them a pot bellied 
appearance. The umbilicus is often flattened hut otherwise normal, and the 
condition must be distinguished from exomphalos. Bilateral cryptorchidism is 
a constant finding. 

2. Urinary tract pathology 

Several surveys of the literature have been published in recent years (MAUER, 
MEYER, SILVERMAN and HUANG, EAGLE and BARRETT) and reference should be 
made to these for a full bibliography: it is clear that some malformation of the 
urinary tract is to be expected in all cases, though its exact nature is inconstant. 
My own experience of eight ca ses suggests however, that there is a characteristic 
disorder of the bladder not found in other conditions. The bladder remains 
attached at its apex to the umbilicus and may occasionally form a fistula or a 
diverticulum there; the bladder capacity is usually very large and the detrusor 
muscle is somewhat thickened, although trabeculation is usually mild or absent. 
Residual urine is present in some cases, yet in others complete emptying occurs 
despite the large capacity. The trigone frequently covers a considerable area so 
that the ureteric orifices appear to be far back on the lateral wall. There is some­
times a tapering dilatation of the posterior urethra as shown in the micturating 
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cystogram (Fig.68) but no gross abnormality is seen on urethroscopy. The 
ureters are almost always enormously dilated and tortuous, sometimes but not 
invariablv with vesico-ureteric reflux; one of my cases had normal ureters, how­
ever, despite a characteristic bladder disorder. In another there was a ring-like 
obstruction at the lower end of each ureter as weIl as the large bladder. Complete 
obliteration of the urethra with imperforate anus was present in one instance and 

Fig. 67. Abscnt abdominal mnseIes. Boy aged 6 months. Intra­
venous pyelograms showed moderate bila teral hydroureter : 
the bladder was trabeculated but cmptied without residuum 

another is recorded in the lite­
rature. JAMESON and COOPER have 
recorded a case in which the ureter 
from a solitary kidney ended in the 
seminal vesicle and drained from 
there into the posterior urethra. 
It was dilated but there was no 
evident bladder disorder. 

Many hypotheses have been 
put forward to explain this curious 
syndrome, though none is satis­
factory. Considering the urinary 
tract alone, the diagnosis of bladder 
neck obstruction has sometimes 
been made, while HENLEY and 
H YMAN, on the basis of micro­
scopy of a few isolated segments, 
have stated that these bladders 
are "aganglionic" (see p. 58). In 
order to connect the absent ab­
dominal muscles with the urinary 
tract anomalies, it has been sug­
gested that the abdominal muscles 
atrophy in utero as a result of 
pressure by the distended bladder. 
The localisation of the defect ap­
pears to support this view but 
many other children are born with 
distended bladders, having normal 
abdominal walls. The converse 

hypo thesis that a lack of support leads to urinary tract changes seems equally 
untenable since greater weakness is present in other diseases without any effect 
on the bladder. My own experience suggests that the typical bladder disorder of 
this syndrome cannot be interpreted as a simple obstructive phenomenon and 
that the abnormality of the abdominal museies is an associated defect of develop­
ment rather than a cause 01' consequence. 

3. Clinical picture 

The appearance and feel of the abdominal wall are unmistakable, and should 
always indicate the need for urological examination. Some of the children have an 
imperforate urethra and such advanced renal damage that death during the first 
days is inevitable; others present with signs of renal failure, or with recurrent 
urinary infection during infancy. The majority of recorded cases have died from 
uraemia before reaching adult life, but active treatment of infections is now 
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salvaging a higher proportion. The abdominallaxity itself produces surprisingly 
little disability and is adequately controlled by a belt. 

4. Treatment 
The management will depend upon the exact findings of a fuU urological 

investigation, and no hard and fast rules can be laid down. In a few cases there 

Ilo-terior 
lI"~ l hr:l 

Fig. 68. Absent abdominal museies. Expression cystogram in a boy aged 5 months, with urinary infection aod 
rising blood urea. The bladder was chronically distended, but there was IlO trabeculation and the posterior 
urethra shows only a slight tapering dilatation. At the apex of the bladder was attaehed to the umbilicus. The 

ureters were also obstructed at their lower ends by diaphragms 

may be an indication for operation on obstructed or ectopic ureters, but in the 
majority treatment must aim at control of infection by chemotherapy and at 
assisting the emptying of the bladder. DAUT et al. and GREENE et al. have 
reported considerable improvement following bladder neck resection, though others 
have not been so fortunate (HENLEY and HYMAN). One of my ca ses was improved 
after instrumental dilatation of the posterior urethra, and has remained under 
control for four years. Orchidopexy may be required. 

VIII. Malformations associated with anal atresia: 
persistent cloaca 

The imperforate and ectopic anus is a common problem confronting the 
paediatric surgeon, and it cannot yet be claimed that the difficulties involved in 
the restoration of bowel function have been altogether overcome. However, with 
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improvements in technique and the survival of the great majority of these cases, 
it has become evident that urinary tract abnormalities are frequent and often 
of importance. This section is only concerned with the urological side of the 
problem and reference must be made to other works (e.g. LADD and GROSS) 

for a general discussion. 
Anal and rectal atresia result from an early deviation from the normal 

development, perhaps from an extension of the process of degeneration of the tail 
gut in the 5-6 mm embryo. This deviation interferes with the formation of the 
uro-rectal septum, so that a fistulous connection with the urogenital tract is a 
common complication, and there is apt to be anomalous development of the 
ureteric buds. Moreover, the atretic process may affect the spinal segments as 
weIl as the bowel, resulting in a partial agenesis of the sacrum, with or without 
neurological disturbance. 

1. In the male 

Three types of malformation may come to the notice of the urologist. 

a) Imperforate anus with a perineal fistula extending into the serotal 
or penile raphe 

The urinary tract itself is normal, but a narrow epithelialized track extends 
forward from the atretic lower bowel, and opens at so me point on the ventral 
surface of the scrotum or the penis. Meconium may be seen within this track, 
which must be distinguished from the rare forms of double urethra. 

b) Imperforate anus with recto-urethral fistula 

This is one of the commonest types in the male: the bowel terminates in a 
narrow fistula which opens into the urethra a little below the verumontanum 
(Fig. 69 A and 70). When the communication is wide, meconium may exude 
from the external urinary meatus soon after birth. 

If cases of this type are treated by a simple incision into the bowel from 
the perineum, a urinary fistula will result. Urinary continence may be possible 
because of the action of the internal sphincter, but no rectal control is achieved 
in this way, and severe colonic inertia is the rule. If a colostomy is performed 
at birth, and no local operation is undertaken, the recto-urethral communication 
will remain, and two serious complications are common. There may be a recurrent 
severe urinary infection usually with chronic pyelonephritis and ultimately renal 
failure, or a steady leak of urine into the bowel, where urinary salts are laid 
down in the inspissated masses of faeces, forming "caleuli" which may require 
to be broken up digitally before they can be washed out. 

An early separation of the intestinal and urinary tract is therefore desirable, 
and after abdominal dissection, division of the fistulous tract followed by a 
"pull-through" of the bowel to form a perineal anus seems the best line of 
treatment. This operation can be carried out on the first or second day of life, 
and no colostomy is necessary in such cases. Cases seen later on, perhaps with 
an established urethro-perineal fistula, mayaIso be treated in the same way 
by pulling down the mobilized rectum, for any attempt to repair the fistula 
by Ioeal dissection and closure in layers is doomed to failure. 

At times, a recto-urethral fistula is associated with hypospadias, so that both 
bowel and urethra open through a short common channel in the perineum 
(YOUNG). The same principles of treatment are applicable, and the hypospadias 
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is no more difficult to repair than any other, on ce the rectum has been brought 
out through aseparate opening. 

Children who have had imperforate anus with recto-urethral fistula, and have 
had a satisfactory restoration of bowel function, may suffer from urinary retention 
or incontinence. To so me of these, the label "bladder neck obstruction" may 

Fig. 69 A - D. Congenital recto-urinary fistulae in the male. Diagrams to show characteristic anatomy: A Common 
variety with reeto-urethral fistula immediately below the verumontanum. B Low fistula, often associated with 
hypospadias. C Recto-vesieal fistula. D Recto-vesical communication in hypertrophied bladder with urethral 

obliteration 

be applied and, though the exact nature of the disorder remains unexplained, 
some improvement may be obtained by bladder neck resection (SPENCE). In 
two of my cases, the posterior urethra was unusually long, and the verumontanum 
was placed at the point where the urethra widened out to form the bladder, having 
cystoscopically something of the appearance of an enlarged prostatic middle lobe. 
In such a case, bladder neck resection is impracticable, hut an anterior Y-V 
plasty may be performed and has been of benefit. A neurologieallesion may 
account for some of the cases of incontinence: it may be congenital or acquired. 
The congenital variety is associated with partial agenesis of the sacrum; VVILLIAMS 

and NIXON have shown that a short sacrum associated with six lumb ar vertebrae 
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is comparatively common in cases of imperforate anus, but if three or more pie ces 
of the sacrum are missing altogether, some disorder of bladder function is likely. 
This type of neurogenic bladder does not differ from that seen with other 
congenital anomalies of the vertebral column, and is discussed in Section G. 
Acquired nervous lesions are due to operative trauma to the nervi erigentes: the 
evolution of the disorder is similar to that found after damage sustained during 

Fig. 70. Atresia ani nrethralis. Cysto-urethrogram in a boy aged 
2 years with imperforate anus, and a left Hiac colostomy. The 
posterior urethra is drawn sharply backwards at the si te of the fistula 

below the verumontanum, and the dye has entered the rectum 

proctectomy for carcinoma 
of the rectum (W ATSON and 
WILLIAMS). 

c) Imperforate anus with 
recto-vesical fistula 
This form is rare, though 

it is not infrequently diagno­
sed in error in cases of recto­
urethral fistula. The opening 
lies upon the trigone (Fig. 
69 C) and the manifestations 
of an uncomplicated case are 
similar to those described in 
the previous section. Treat­
ment may follow the same 
lines. Associated malforma­
tions are, however, compar­
atively common: many cases 
have been recorded, dying 
at or shortly after birth, in 
which the urethra is also 
atretic and the bladder 
enormously distended and 
hypertrophied (Fig. 69 D). 
The ureters are dilated and 
tortuous, the kidneys often 
hypoplastic: the bowel is 
narrow at its lower end, and 
may be lost in the posterior 

bladder wall. These cases of "giant bladder" have been described in detail by 
ANDERS, and by KRÜGER, who reach the conclusion that the enormous size of 
the bladder is due to excessive growth and not to obstruction. 

2. In the female 
Anal stenosis with a bowel opening in the anterior perineum, or in the vestibule 

is the commonest deformity. Less often, the rectum opens into the vagina higher 
up, even in the posterior fornix. Uncomplicatcd cases of this type do not concern 
the urologist, but associated malformations may involve the urinary tract. 
Perhaps the simplest is that described by LOWSLEY, in which an apron of tissue 
covered over the recto-vaginal and urethral openings, so that a common cloacal 
cavity was found: the case responded readily to excision of the apron (Fig. 71A). 

A high recto-vaginal fistula may be associated with a large vesico-vaginal 
fistula, with or without a urethral atresia (Fig. 71 B). Both urine and faeces 
are thus discharged into the vagina, and severe colonic inertia with "mega-
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colon" is usual. Restoration of bladder function in these is virtually impossible, 
and a cutaneous ureterostomy or ileo-ureterostomy is advisable. 

Several cases are reported in which the urinary, genital, and intestinal tracts 
empty through a common channel, associated with gross hydrocolpos and 
hydrometra (Fig. 71 0). The latter presents as a considerable abdominal tumour 

8 

lJydrometro 

Fig. 71 A-C. Cloacal malformations in the female. Diagrams to show characteristic anatomy. A Covered vagina, 
with recto-vaginal fistula . B Recto-vaginal with vesico-vaginal fistula . C Cloacal duct with hydrometra 

simulating a distended bladder, and in several cases vesical retention has also 
been present. Associated abnormalities of other organs have proved fatal in 
most of these cases (MILLER, NORDENFELT). 

3. Complex malformations 

The term persistent cloaca has been applied to many of the malformations 
already described, but there are also other unclassifiable cases in which all three 
tracts, urinary genital, and intestinal end in a common chamber. In these, 
separation of the pub es and epispadias mayaIso be present or there may be a 
suggestion of an intersex condition (DE Buys and CUMMINS, LYNCH and JERVEY). 

Imperforate anus is also a constant feature of the deformity described on p. 103 
as ectopia cloacae. 
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4. Upper urinary tract anomalies 

In all types of imperforate anus, from the simplest to the most complex, upper 
urinary tract anomalies are common. A high proportion have a solitary kidney 
(5 out of 15 in SPENCE'S series) and a unilateral mega-ureter is a frequent compli­
cation. Ectopic, fused and malrotated kidneys mayaiso occur. The relationship 
of these anomalies to the intestinal malformation is not clear, and they must 
be treated on their own merits. 

IX. Ectopia vesicae and epispadias 

Ectopia vesicae and epispadias are the two commonest representatives of a 
group of disorders characterized by incomplete fusion of the mesodermal elements 
making up the genital tubercle, anterior bladder wall and infra-umbilical ab­
dominal wall. The embryological mechanisms involved are still not adequately 
explained: recent discussions of the problem have been published by WYBURN, 

and by PATTEN and BARRY. The area involved is normally formed at a very 
early stage by the insinuation of mesoderm from either side into that part of the 
cloacal membrane which lies adjacent to the umbilical stalk. Failure of this 
process leads to failure of symphysis of the pubic bones, to failure of complete 
union of the elements of the genital tubercle, and when the cloacal membrane 
ruptures, to a midline defect in the ventral wall of the urogenital sinus and its 
overlying abdominal wall. There is also a shortening of the distance between the 
umbilicus and the cloacal region: the former is drawn down towards the pelvic 
region, and the anus is pulled upwards and forwards. 

1. Ectopia vesicae 

Ectopia vesicae in its classical form is the most frequently encountered 
malformation. There is a male predominance which is variously as estimated 
7 to 1 or 2 to 1, and in my own cases approximates to the latter figure. 

a) Anatomy 
In the male (Fig. 72) the bladder lies open and everted on the surface of the 

abdominal wall, and the urethra is represented only by a mucous groove on the 
dorsal surface of the penis. The bladder itself is smaller than normal and the 
mucosa, which is continuous round its edges with the skin, often shows squamous 
metaplasia in its upper part, while the lower part is reddened and polypoid. 
Irritation of the exposed surface leads to glandular metaplasia and the submucosa 
be comes considerably thickened so that inversion of the bladder to form a sac 
may be impossible. The muscular layer is poorly developed and it is continuous 
laterally with the margin of the rectus sheath. The ureteric orifices are easily 
identifiable and may be prolapsed. The bladder neck is scarcely recognizable, 
but the verumontanum is evident in the upper part of the urethral strip. The 
penis is short and sometimes minute but is comparatively broad: the corpora 
cavernosa are only loosely attached to one another and the crura are widely 
separated. The urethral strip is short, cutting the corner between the abdominal 
wall and the dorsum of the penis, which is therefore upturned. The glans is broad, 
and grooved dorsally in most cases, sometimes it is divided into two distinct 
portions. The frenum and penile raphe are normal, and the prepuce is a tuft of 
redundant skin on the ventral surface. The scrotum is flattened and imperfectly 
developed: failure of testicular descent is common. The anus lies closely behind 
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the scrotum in the anterior perineum, so that it often faces forwards rather than 
backwards. 

The pelvic ring is incomplete anteriorly and the pubic bones, although fairly 
weIl formed, are rotated outwards. The stability of the ring is maintained by a 
bar of fibro-muscular tissue which is incorporated in the base of the extroverted 
bladder. This bar doubtless incorporates the homologue of the external sphincter 
as weIl as the pubo-vesical ligaments, but its " skeletal" function prevents full 
muscular development. The rectus mus eies are attached to the pubic tubereies 
and are therefore widely 
separated at their lower 
extremities: they are other­
wise normal. The umbilical 
scar, which is low in the ab­
domen, is closely associated 
with the apex of the bladder 
in the majority of cases and 
a hernia is usuaIly present. 
This hernia, however, pro­
trudes through adefeet in 
the linea alba, which is 
distinct from and a short 
distance above the bladder 
area. Inguinal herniae are 
common. 

In the female (Fig.73) 
the bladder is formed as in 
the male, but the urethral 
strip is extremely short. 
The vagina, uterus and 
Fallopian tubes are normal, 
but the vaginal orifice is 
narrow and lies immedia­
tely below the bladder, 
facing forwards. The clitoris 

Fig. 72. Ectopia vesicae in the male . Boy aged 17 months 

is divided into two entirely separate bodies placed on either side of, and a little 
posterior to, the vaginal orifice. The anus is drawn forwards in the perineum. 

In some rare variants a bridge of tissue may be found across the region of the 
bladder neck, beneath which aminute channel connects the extroverted bladder 
above to the urethral groove below. Such a cases was reported by THOMPSON, 
and I have observed a similar condition in one of DENIS BROWNE'S cases. 

Abladder which is complete and continent, but lies immediately beneath the 
skin of the abdominal wall, pushing forward between separated pubic bones has 
also been described as a variant of the ectopic bladder by HEJTMANCIK et al., and 
by GRUB ER. A" pubic" umbilicus with an incomplete pelvis but anormal bladder 
is another occasional finding. GAUDIN and CABOT described a pouting mass of 
transitional epithelium on the lower abdomen in a boy with anormal urinary 
tract: they believed that this represented a partial extrophy. 

b) Clinical features 
The continual discharge of urine on to the surface renders the life of the child 

with ectopia vesicae a burden to himself and to his parents. The condition is 
intolerable to most members of civilized communities and treatment is therefore 

Handbuch der Urolol!ie. Bd. XV 7 
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demanded at an early age; as a consequence, opportunities for observing the 
progress uninfluenced by surgery are limited. MAYO stated that statistics showed 
that 50 % of affected children died before their tenth year, and 66.67 % before 
their twentieth: he gives no information of the source of these statistics, yet this 
estimate has been repeatedly quoted and regarded as the standard by which the 
efficacy of treatment should be judged. Observation of untreated children in 
their early years under modern conditions does not, however, suggest that the 

A B 

Fig. 73 A and B. Ectopia vesicae in the female . A at R months. B after reconstruction at 2'/, years: child 
passing urine every hour but continent by day 

mortality is anything like SO high: although there is probably a greater liability 
to pyelonephritis, and the exeoriated and septic condition of the genital area may 
lower the resistance to other infections, yet these children are far more likely 
to die of surgery than of any other cause. However, the improvement in the 
conditions of life rather than the prolongation of existence is the standard by 
which treatment should be judged. 

The typical case of ectopic bladder is an irritable infant who resents inter­
ference with the bladder area, for the skin around is sodden and may even be 
uleerated. The soreness is increased onee the ehild has started to walk, which he 
does with a waddling broad-based gait, due in part to the external rotation of the 
aeetubula and in part to an effort to minimize the rubbing of clothes upon the 
bladder. In later life, the lack of a pubic symphysis is curiously little handicap, 
and apart from some education in walking, no orthopaedic treatment is required. 

Exposure produces in the bladder mucosa a glandular metapla8ia, and in 
time there i8 a danger of malignant degeneration. McINTosH and W ORLEY find 
that the average age of onset of carcinoma is 44, the youngest reeorded case 
being 21 years of age. The tumour i8 an adenocarcinoma with an extremely low 
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rate of metastasis, so that death is almost always due to renal failure rather than 
to secondaries. There is no evidence to suggest that the reconstructed ectopic 
bladder is liable to this form of disease. 

Ureteric dilatation is a later complication of most untreated cases, probably 
arising from infection and oedema of the ureteric orifice. It is unusual to see 
any severe degree during childhood, but on rare occasions an infant is born with 
a gross hydro-ureter for which a different etiology must be suspected. 

Umbilical and inguinal herniae are common and may be troublesome, but rectal 
prolapse is often a more serious handicap. In some degree it affects most babies 
with ectopia vesicae, though many re cover without assistance. In a few, however, 
the prolapse appears with the least effort, and although reducible, will recur 
immediately afterreduction. Prolapse is oftenassociated with anincomplete sphinc­
teric control of the anus, doubtless a reflection of the general instability of the 
pelvic floor, and the widely separated anterior attachments of the levator ani. This 
weakness has serious consequences if uretero-sigmoidostomy has been performed. 
On rare occasions, the occurrence of a vaginal anus, or a stenosed perineal anus 
raises even greater difficulties. 

c) Management 
The immediate management of a child born with ectopia vesicae is concerned 

with the protection of the exposed bladder and surrounding skin. It is wise to 
give the parents a supply of tulle gras, in order to cover the mucosa, and a barrier 
cream to apply to the surrounding skin. For the first years napkins may be applied 
in the ordinary way, though plenty of boracic powder is useful for preventing 
ammonia dermatitis. Rectal prolapse should be reduced as soon as it occurs, and 
if it is very frequent an encircling subcutaneous catgut suture around the anus 
is often a help. This will not lead to permanent cure, but may retain the prolapse 
for long enough to enable the muscles to re cover their tone. 

With regard to the definitive treatment of ectopia vesicae, there are two basic 
alternatives, either an attempt must be made to reconstruct a functional bladder, 
or a cystectomymust be performed with diversion of urine. Reconstructive methods 
were the first to be given a trial, but fell into disrepute with the apparent success 
of uretero-sigmoidostomy. The re cent recognition of the disadvantages of this 
operation, however, has led to a revival of interest in reconstruction and a variety 
of operations have been devised. The review given by MAYO in 1920 shows that 
almost all the methods now suggested had been tried out in the preceding half 
century, but it may weIl be that, as in other branches of surgery, recent advances 
in technique, in anaesthesia and in control of sepsis will bring to success many 
of the operations discarded long ago. 

a) Reconstructive surgery 
These operations are frequently disappointing, but YOUNG, MICHoN, SWEET­

SER, and POWELL have all had successful cases: and in three of mine good but 
not perfect continence has been achieved. Almost all the successfulcases have 
been girls, for although it might seem that there is very little material with which 
to form a sphincter, in the female the urethra is not held forward as it is on the 
penis, and a fuller restoration of normality is attainable. No standard operative 
technique can yet be recognized, and all surgeons experimenting with this work 
have made individual variations in each case: for reported details reference 
should be made to the original artieles. My own method is first to isolate the bladder 
and urethral strip from the surrounding skin, and to mobilize completely the 
apex of the bladder. Then, keeping elose to the bone, the attachments of the 

7* 
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base of the bladder are freed from the pubes, and the tissue so mobilized is brought 
together in front of the rolled up urethra. The bladder itself is inverted and 
closed over a Malecot catheter. The transverse bar of rectus sheath and linea 
alba which lies beneath the umbilical hernia is then mobilized, drawn down and 
used to join the pubic tubercles. In the male, the urethral strip must be dissected 
away from the corpora cavernosa and buried between them as in the operation 
for epispadias. The skin is closed over the bladder by simple apposition or by 
swinging in flaps. 

A saccular bladder is comparatively easy to construct except in those cases in 
which there is excessive thickening and polyp formation in the vesical mucosa. 
The difficulty lies in the attainment of continence, and secondary operations to 
tighten the bladder neck, or to support it by a sling, are often performed. If the 
bladder is muscular, a moderate degree of stricture may be sufficient substitute 
for a sphincter, but often the detrusor is poorly formed and contractions weak 
so that a residual urine is present, and stone formation is a common complication. 
Vesico-ureteral reflux is also seen in the reconstructed bladder, and where the 
urethra is narrow may lead to considerable ureteric dilatation. When a saccular 
bladder has been constructed, but no sphincteric action can be achieved, applicances 
may be used for the collection of urine in the male, or some form of mechanical 
device may be used to compress the new urethra, but no satisfactory method has 
yet been described. 

With all its disadvantages and disappointments the reconstructive approach 
to the ectopic bladder still seems worth pursuing. Even if the urine is ultimately 
diverted into the bowel, the plastic operations which have reconstructed the 
abdominal wall will not be wasted. Moreover, these children are for the most 
part happier without the prolapsing mass of bladder mucosa, and if this is covered 
in during the first year of life, as is my present practice, urinary diversion may 
be comfortably postponed until the state of the rectal sphincter is ascertained 
beyond doubt. 

ß) Urinary diversion 
For many years past, uretero-sigmoidostomy has been the standard method of 

treatment of ectopia vesicae in Western Europe and America, and it is the only 
method for which any large series of adequately followed cases is available. In 
Eastern Europe MAYDL'S operation, in which the mobilized and inverted trigone 
is implanted into the recto-sigmoid has been the more popular, and arecent 
modification of this has been suggested by GOODWIN and HUDSON which involves 
splitting the trigone and implanting the ureteric orifices separately into the bowel. 
The valvular nature of the ureteric orifice is not preserved, however, in most 
cases, and the MAYDL type of operation has therefore little, if any, advantage over 
a satisfactorily performed uretero-sigmoidostomy. 

The short term results of transplantation are often extremely satisfactory, and 
the conversion of a wet and miserable child who shuns the company of his con­
temporaries into a contented one who enters into normal childish activities is 
a most gratifying experience. The literature is indeed replete with articles re­
cording this satisfactory result, but the few long term studies (e.g. GARRETT and 
MERTZ, HARVARD and THOMPSON, WILLIAMS and JOLLY, SANDERUD) give a less 
encouraging view. The biochemical disturbances characteristic of uretero­
sigmoidostomy, hyperchloraemic acidosis and hypokaliemia, are weIl known and 
need not be described here: theoretically they should be controllable by regular 
alkali therapy and replacement of potassium. Unfortunately parents are not 
always willing to undertake a regular attendance at hospital, and in the circum­
stances of adolescence and starting work, the need for medical supervision is 
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often overlooked and acute biochemical imbalance may occur, or a long-standing 
mild acidosis lead to bone changes. 

The danger of recurring pyelonephritis is always present after uretero-colic 
anastomosis, and although antibiotics may cut short acute attacks, they have 
not influenced the development of a chronie pyelonephritic lesion. As a result 
the renal function of these cases is almost always below normal, and it is ultimately 
responsible for the death of many. It appears that approximately one third of 
cases will be dead before they reach adult life, while many of the survivors are 
undergrown and in poor health. A thirst is always present and may impair the 
ability to take food. 

One further disadvantage of uretero-sigmoidostomy in ectopia vesicae is the 
weakness of the anal sphincter. A great many of these children do not achieve 
proper control of the urine in the bowel; they are not continually wet but strains 
and stresses are apt to produce incontinence, and wetting at night is particularly 
common. While this wetness is by no means as severe as before operation, yet 
because the urine is mixed with faeces it is a serious handicap. However, the 
presence of nocturnal incontinence is often a protection against the development 
of biochemical upsets. 

Thus although uretero-sigmoidostomy always produces an improvement in 
the child's condition, it is an operation which has many disadvantages, and a 
search für a better alternative continues. The separation of urinary and faecal 
streams is undoubtedly some improvement, and a de-functioning colostomy above 
the uretero-sigmoidostomy has been advocated by some, or the reconstructed 
bladder may be given an opening into the rectum. The weakness of the anal 
sphincter is, however, a disadvantage in these cases as in the simple uretero­
sigmoidostomy though preservation of renal function is likely to be better. In 
recent years the cutaneous ileo-ureterostomy has gained some popularity and has 
been advocated for cases of ectopia vesicae. This operation is undoubtedly 
followed by good preservation of renal function, and ureteric dilatation which 
has been present pre-operatively may be reduced. However, it too has its 
disadvantages : first of all there are sometimes difficulties with the management 
of the loop itself, and it involves the use of an external appliance which is ab­
horrent to many parents. It is obviously only suitable for intelligent patients who 
live in civilised countries where replacement of the bag and its accessories is 
easy. For the management of ectopia vesicae with incompetence of the rectal 
sphincter it is probably the best operation yet devised. It should not, however, 
be performed before the age of 3 or 4 years unless there is a severe degree of 
ureteric dilatation, because the bag is difficult to manage in toddlers and incon­
tinence in the younger age group is easily managed by napkins. 

Simple cutaneous ureterostomy is a much less serious operation than any 
procedure incorporating an isolated segment of ileum, but it leaves the child with 
two urinary fistulae, both of which are apt to undergo stenosis. In the infant with 
serious ureteric dilatation this procedure is valuable and the calibre and tortuosity 
of the ureters make it easier to perform satisfactorily. 

After urinary diversion, a plastic operation is required for the abdominal wall. 
Where the bladder is small, it may be completely excised, but removal of a large 
bladder willleave a serious gap in the abdominal wall: it is therefore preferable 
only to excise the mucosa, and to plicate the muscle layer (HEPBURN). Skin cover 
should be obtained by rotating inwards broad-based lateral flaps. The urethra 
should be formed into a tube as in the operation for epispadias, so that there is 
a channel for semen. The penis although small in children usually develops into 
a serviceable organ. 
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2. Epispadias 

a) Anatomy 

The midline defect is of a lesser degree than in ectopia vesicae, and a saccular 
bladder is formed beneath an intact abdominal wall. The pubic bones are not 
united in a symphysis, but a gap of variable extent is bridged by a bar of fibrous 
tissue lying immediately in front of the bladder neck: in contrast with true ectopia 
therefore the trigone and posterior urethral wall are not involved in the fibrous 

Fig. 74 . Epispadias in the malp. Boy aged 4 year. with complete 
incontinence 

dundant skin on the ventral surface, though in 
prepuce may be formed. 

" skeletal" structure, and a 
better development of normal 
muscularfunctionis permitted. 
A complete bladder neck is 
unusual, however, and normal 
continence is seldom achieved 
without treatment. 

The urethra in the male is 
a broad but short and straight 
mucosal strip lying open on 
the dorsal surface of the cor­
pora cavernosa and disappe­
aring through a broad arch at 
the base of the penis (Fig. 74). 
Except in the mildest cases, 
retraction of this arch brings 
the verumontanum into view, 
and beyond this the relaxed 
bladder neck may be seen. As 
in ectopia vesicae, the corpora 
are not attached to one an­
other, and the glans may be 
bifid. The prepuce is usually 
represented by a mass of re­
exceptional cases a complete 

In the female, the urethra is short and wide: it has characteristically the 
appearance of a transverse slit, from which a broad strip of mucosa extends 
forwards to the flattened mons veneris (Fig. 75). The clitoris is divided into two 
separate bodies lying lateral to and a little behind the urethral opening. The 
vagina is normal. 

b) Clinical features 

In mild cases in both sexes, micturition and continence may be normal : the 
external deformity is then the sole complaint in the male, and in the female the 
abnormality is likely to pass unnoticed. These cases are exceptional, however, 
and the great majority have so me degree of incontinence, most often a complete 
lack of control in the standing position although urine may accumulate in the 
relaxed bladder during recumbency. The severity of the incontinence is not 
always appreciated by the parents during the first two years of life, and it is 
wise to be guarded in prognosis. The diagnosis is evident from simple in­
spection, though it is surprising how frequently the deformity is overlooked 
in the female. 



c) Treatment 
Reconstructive surgery, 

which is of dou btful value in 
ectopia vesicae, has an en­
couraging re cord in epispa­
dias. The repair must aim 
primarily at the bladder 
neck, on which continence 
depends, rather than at 
the external deformity, and 
it is important that the 
first operation, which in the 
absence of scar tissue has 
the best chance of succeSR, 
should be thoroughly and 
carefully performed. It is 
wise to postpone this ope­
ration until the child is at 
least three or four years 
old, when an accurate as­
sessment of the degree of 
spontaneous contro] has 
been made. 

The essential steps in 
the operation (see CAMP­

BELL, DEES) are mobiliza­
tion of the bladder neck 
region, which is exposed 
through a vertical incision 
severing the fibrous tissue 
connecting the pubic bones, 
excision of redundant mu­
cosa at this level, and 
wrappinground the bladder 
neck the muscular tissue 
which lies lateral to it. In 
the male the urethral strip 
should be freed from the 
two corpora cavernosa, and 
pushed back between them 
to regain its normal posi­
tion. In the female (see 
DAVIS), a similar a ope­
ration may be performed, 
but a sling procedure is 
often more successful in 
myexperience. 

3. Ectopia cloacae 
In this rare, but curious­

ly constant, malformation 
(Fig. 76) the ectopic bladder 
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Fig.75. Episparlias in the female . The external genit.alia of a girl 
aged 4 years with complete incontinence 

Fig.76. Ectopia cloacae. Infant aged 1 day. The prolapsing struc­
ture is the intussuscepted terminal ileum. An everted bladder area 
was present on either side of the bowel area. The anus was imperforate 
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is divided into two separate patches, each with its ureter, between which is an 
area of intestinal mucosa. On to the upper part of the intestinal area opens the 
terminal ileum, which is usually prolapsed; on the lower part is a colonic, and 
sometimes an appendiceal opening, the latter being often double. The colon is 
short, median, and ends blindly above an imperforate anus. The penis or clitoris 
consists of two widely separated halves, and the vasa deferentia or Müllerian 
ducts have openings below the bladder area. There is frequently a concomitant 
meningomyelocele, and paraplegia. Numerous descriptions of this anomaly, with 
minor variations, have appeared in the literature, and the works of BRAKELEY, 
DAVIES, McFARLAND, RUSSELL, HALL et al. , may be consulted for a full 
bibliography. Once seen the anomaly is easily recognized, and although not 
usually fatal for some days or weeks, treatment is probably better withheld. 

x. Hypospadias and allied disorders 

1. Hypospadias 

a) Incidence 
Hypospadias is an extremely common abnormality: its frequency has been 

variously estimated for clinical material, but CAMPBELL found an incidence of 1 : 620 
in an extensive post-mortem series. It has adefinite tendency to run in families, 
but is not inherited on a strict Mendelian basis. It often accompanies other 
congenital abnormalities of the urogenital system, and is an integral part of most 
intersex states, when it represents feminization of the male, or virilization of the 
female. The so-called female hypospadias is, however, an unrelated condition 
discussed on p. 268. 

b) Anatomy 
The basic deformity in hypospadias is the termination of the urethra in the 

perineum or th~ v~ntral surface of the penis at some point proximal to its normal 
opening. The cC5mmonest site is at the coronal sulcus, more severe degrees are 
the penile, penoscrotal and perineal types. 

The meatus itself is often narrow, particularly in coronal hypospadias, though 
superficial appearances are sometimes deceptive, and the true size of the opening 
can only be judged by pick~g up the skin behind it. Between the urethral meatus 
and the glans there is a strip of mucosa similar to that covering the glans and 
only slightly differentiated from the skin of the penis, but moist and pink in its 
proximal portion in perineal cases. Beneath this strip, adherent both to skin 
and to the underlying corpora cavernosa is a fibrous band, which unites the region 
of the meatus to the glans, and which being short and inelastic maintains a ventral 
curvature of the penis (chordee) which becomes very marked on erection. The 
urethra behind the meatus may be entirely normal, but it is sometimes short so 
that it is also responsible for chordee: this is particularly the case where chordee 
accompanies a coronal hypospadias. Some webbing of the skin mayaIso be present 
in these cases. At times the distal extremity of the urethra is devoid of corpus 
spongiosum, and lies closely beneath the skin. 

The glans penis is weIl developed, but gives a slightly unrolled appearance, 
being grooved ventrally by the open urethral strip, and tipped slightly downwards. 
The ventral surface is marked by one or more blind pits (Fig. 77), representing 
the lacunae of Morgagni. These pits are often stated to be at the site of the 
normal external meatus, but this is very rare in my experience, theyare commonly 
proximal to that side, and lead into short ducts lying dorsal to the urethra itself 
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in cases of coronal hypospadias .. Rarely one of these ducts is sufficiently long, 
reaching weIl down the penis, to suggest a partial duplication of the urethra. 

The prepuce is incomplete in the ventral midline, so that when the preputial 
adhesions separate and it becomes free of the glans, it retracts to form a "hood" 
of redundant skin on the dorsum. In a rare variant of coronal hypospadias, the 
prepuce is complete save for the absence of the frenum, and the urethral meatus 
has the appearance of a cleft, 
as if a meatotomy had been 
performed. 

The scrotum is normal in 
coronal and penile hypospadias, 
but bifid in the perineal variety 
(Fig. 78), the two halves being 
separated by the mucosal strip 
of urethra. The median raphe 
extends as far forward as the 
urethral meatus, though in the 
coronal and penile types, it is 
often curiously eccentric. 

The more severe degrees of 
hypospadias border on the con­
dition of male intersexuality, 
and there is in fact no recognized 
dividing line between the two. 
Confusion in diagnosis arises 
when the penis is very smalI, 
when the testicles are undescen­
ded and when a vaginal canal 
is present. HOWARD has pointed 
out that an enlarged utriculus 
masculinus, opening on the 
verumontanum, will be found 
in many cases of hypospadias; 
this is of little importance in 
treatment, but my own ex­
perience suggests that a vaginal 
canal opening into the urethra 

Fig. 77. Hypospadias. The external genitalia of a boy of 2 years, 
showing a weIl marked blind pit distal to the urethral meatus 

at the level of the perineal membrane is more common and secretions accumul­
ating in it may lead to difficulties in repair. 

c) Symptoms 
Difficult micturition, a poor stream, and ultimately some incontinence result 

from meatal stenosis, most marked in coronal hypospadias. FaiIure to pass urine 
in the new born due to blockage of such a stenosed opening by epithelial debris 
is also relatively common. 

Difficulty in directing the urinary stream with some tendency to spraying 
is frequent complaint, it necessitates micturition in the sitting position in perineal 
hypospadias, though in the coronal variety it is not often a serious disability, 
nor one which precludes the normal standing position. It leads, however, to a 
certain amount of embarrassment to small boys. 

Difficulty in sexual intercourse will only arise in cases with chordee, and the 
proximal site of the external meatus is no handicap. In severe cases, difficulties 
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may arise in the diagnosis of the sex of the infant: this aspect is discussed in 
Section P V. 

d) Treatment 
Meatal stenosis requires a meatotomy, and this operation should be performed 

as soon as the condition is recognized. The orifice may often be enlarged without 
bringing it to a more proximal position by cutting the septum between the urethra 
itself and one of the blind ducts which are so often found lying dorsal to it 

Fig. 78. Perine"l hypospadias. The external geni talia in a boy aged 2 years : the penis shows weil marked 
ehordee, and only the right testiele has deseended into the scrotum. The opposite t estiele was a trophie. 

Normal verumontanum seen on urethroseopy 

(BROWNE): no stitche8 are re quired , but a dilator should be passed for several 
days postoperatively. This type of dorsally directed meatotomy often results 
in a more easily directed urinary stream. 

Coronal hypospadias with an adequate orifice and unaccompanied by chordee 
does not require treatment. Operations for such minor degrees of the deformity 
are sometimes demanded by parents and advised by paediatricians, largely because 
it is believed that it will give rise to a sense of inferiority and to some handicap 
in sexual intercourse, but observation of untreated adults lends no support of 
those beliefs. Furthermore the results of operation in such cases are often dis­
appointing. 

When the urethral orifice is placed further back operation will always be 
required in order to produce a manageable urinary stream, and anormal erection. 
The two elements in correction must be treated separately, however, since it 
is not possible to construct in one operation a straight penis and a full length 
urethra. In the first stage, chordee should be corrected : the essential steps being 
the excision of the fibrous band uniting the meatus to the glans, and allowing 
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the meatus to drop back as the penis straightens. The skin correction accompany­
ing this manoeuvre may be accomplished by simple transverse incision behind 
the glans, which is sewn up longitudinally. The age at which the first operation 
is performed is not of great importance: it may perhaps allow fuller growth of 
the penis if it is undertaken early, and any time between second and fourth year 
seems suitable. It is, how­
ever, essential that full 
correction of chordee is 
attained before the ure­
thra is reconstructed, and 
the first stage mayrequire 
repetition. 

Concerning the nature 
of the second stage of the 
repair, the completion of 
the urethral canal up to 
the tip of the penis, there 
has been great divergence 
of opinion, and very many 
operations have been de­
vised. The details of tech­
nique are discussed in 
another volume of this 
series, and original de­
scriptions of some of the 
more popular methods will 
be found in the works re­
ferred to in the biblio­
graphy below. It may be 
emphasizedhere,however, 
that it is desirable that 
the operation should re­
quire no further staging; 
and that it should be 
completed hefore the child 
goes to school (5 years of 
age in England). Since 
some co-operation is nor­
mally required of a child 

Fig.7f1. Short urethra. The genitalia 01 a boy aged 2' /, years with a severe 
chordee, but a normal urethral meatus. The urethra lies immediately 
beneath the skin 01 the penis, but the sinuses at the peno·scrotal junction 

do not communicate with it 

for this plastic procedure, which necessitates a temporary diversion of urine, 
it is better to leave it until the child is at least 41/ 2 years old. The operation 
should not make use of free grafts which tend to form strictures at the site of 
junction with the original epithelium, and it should not make use of flaps of 
skin which are later liable to grow hair. The DENIS BROWNE method fulfils 
all these desiderata, and is suitable for all degrees of hypospadias: it is simple 
to perform, and has few complications. The ÜMBREDANNE method is simpler 
still, but applicable only to the minor degrees of the deformity. The CECIL 
operation is also in common use. 

2. Short Urethra 
Chordee due to apparent shortening of the urethra, a condition commonly 

associated with hypospadias, may sometimes be found in cases with anormal 
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external urinary meatus. Often, however, the corpus spongiosum is deficient so 
that the urethra lies immediately beneath the skin of the penis. In the case 
illustrated in Fig. 79, there were short sinuses in the skin which did not communi­
cate with the urethra. The diagnosis presents no difficulty, though the distinction 

must be made from simple webbing of 
the skin on the ventral surface of the 
penis. 

Operative repair should be postponed 
untillater childhood. In the first stage 
the urethra should be severed in the 
penis, and the proximal end dissected off 
the corpora cavernosa, so that it drops 
back towards the perineum as the penis 
straightens out. A temporary hypospadiac 
orifice is established. Reconstruction 
of the urethra on the lines of the DENIS 

BROWNE operation for hypospadias is 
undertaken later when full healing has 
occurred. 

3. External urethral fistula 

A simple urethral fistula in the penis 
is usually an acquired lesion, the result 
of surgical or accidental trauma. A rare 
congenital type is illustrated in Fig. 80: 
it may be noted that although a failure 
of closure of the urethral folds might be 
postulated as the cause of such a fistula, 
it does not lie on the medium raphe, but Fig. 80. External urethral fistula (congenital). The 

penis of a boy aged 7 years weIl to one side. A more common site is 
at the coronal sulcus. Operative repair 

is not difficult provided the urinary stream . is diverted, and the margins of the 
fistula are adequately mobilized. 

E. Lower urinary tract obstruction 

I. Introductory 

Whereas in adult urological practice disorders of one organ, the prostate 
gland, account for a high proportion of all cases with lower urinary obstruction, 
in children a greater variety of obstructive lesions may be found and in most 
diagnosis is only possible as a result of special urological investigation. Moreover, 
while prostatic enlargement may cause both acute and chronic retention, in 
children these manifestations of obstruction are usually due to different lesions. 
A complete inability to pass urine associated with a tense and tender bladder 
swelling is often the result of a minor and easily remediable disorder, such as the 
impaction of a small stone, or of sulphamerazine crystals, or it may be simply 
a reflection of severe pain which is experienced or anticipated with micturition. 
A meatal ulcer is thus a cause of acute retention; the scab formed on the ulcer 
covers the meatus and urine can only be passed after the stream has torn away 



Intrinsic lesions 109 

this scab. In these circumstances a young child may pass no urine at aH while 
he is awake, and although he is usuaHy very wet shortly after falling asleep, the 
retention itself causes abdominal pain after a time so that the child is brought 
up to hospital. Similarly painful micturition resulting from oxaluria and moderate 
dehydration, occurring perhaps on a hot summer day when the child has eaten 
a lot of fruit but has drunk little, may go on to acute retention. An accummulation 
of faeces in the rectum always accentuates this type of retention so that often the 
administration of an enema will relieve both bladder and bowel. Post-operative 
retention is seldom a complication of ordinary abdominal operations in children, 
though acute peritonitis, seen in ruptured appendix, may be responsible (HOFF­
MAN) : in one of my cases the failure to pass urine was the first localizing sign of 
appendicitis in a very toxic infant. Severe dysuria amounting to near retention 
may result also from the instrumental trauma in the male child foHowing 
cystoscopy. 

By contrast with these relatively minor disorders, the causes of chronic 
retention are commonly of the gravest import: the condition of overflow incon­
tinence associated with a painless distended bladder often indicates serious 
damage to the renal parenchyma. It is unusual for any long standing cause of 
mild obstruction to be complicated by an episode of acute retention and, although 
an exacerbation may be indicated by some pain in the distended bladder, overflow 
is much more common than a complete cessation of urine flow. 

Retention of urine in the new born baby constitutes a special case (which 
has been weH summarized by BOISSONNAT), and at this stage acute retention 
may weH indicate a serious lesion. In the normal infant urine may not be passed 
for 24-48 hours after birth because of dehydration: this circumstance need not 
Dccasion any alarm and can be differentiated from retention by the absence of 
bladder distension. The commonest cause of true retention at this stage is meatal 
stenosis with occlusion of the urethral lumen by epithelial debris, in association 
with coronal hypospadias. The size and position of the meatus render it incon­
spicious and the infant is often sent to hospital with the diagnosis of absent 
urethra, yet gentle probing will soon discover the opening and release the urinary 
stream. This type of occlusion is not associated with renal damage, but true 
obliterations and other congenital obstructions which cause retention at birth 
have a very bad prognosis. Cases in which bladder distension has caused dystocia, 
a rare complication of many forms of obstruction, are always fatal (SAVAGE, 

GOLDBERGER, EDGECOMBE). 

H. Causes of obstruction 

1. Intrinsic lesions 

A great many malformations of the urethra may be responsible for urinary 
obstruction and, although these have been described severally in the previous 
chapter, certain generalizations regarding the type of obstruction are permissible. 
Posterior urethralIesions cause much more severe back pressure effects than those 
in the anterior urethra although the actual calibre of the lumen at the site of 
obstruction is often less in the latter. Thus a meatal stenosis may leave a pin 
hole orifice from which only a fine jet of urine can be propelled even with strai­
ning, but upper urinary tract changes are much less than in the diaphragmatic 
obstructions of the posterior urethra through which comparatively large bougie 
can be passed. The earlier the period of foetallife at which the obstruction is 
formed, the greater will be the disturbance of the upper urinary tract: complete 
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occlusion in the posterior urethra is always an early deviation from normal 
development, and valve formation must take place quite soon after urine secretion 
commences: advanced renal changes are therefore the rule with these lesions. 
Anterior urethral valves must have their origin later in development, and cause a 
less severe disorder . 

Congenital vesical disorders, although not so frequently encountered, may 
also be obstructive: trigonal cysts and curtains, vesical septa and partial dupli­
cations may be mentioned. Ureterocele, particularly of the ectopic variety, 
produces a mild degree of obstruction to the outflow from the bladder, but often 
a more severe ureteric obstruction. 

Of the acquired disorders, stone (p. 173) is certainly the most important in 
countries where endemic calculous disease occurs: in these areas impaction of a 
stone in the urethra is much the most common cause of retention of urine in the 
male. Impaction may occur in the posterior urethra, or in the penile portion, but 
seldom in the bulb. Acquired stricture (p. 248) is usually traumatic in orgin and 
may be responsible for severe hydronephrosis, though the changes will hardly 
be as advanced as those found in the congenital urethral obstructions. 

Neoplastic disease of the bladder (p. 197) and prostate (p.201) commonly 
present because of urinary obstruction with overflow incontinence. Prostatic 
abscess will cause retention. 

2. Extrinsie lesions 
Any mass in the pelvis will displace the bladder upwards and press upon the 

urethra. An accummulation of faeces in the rectum is the commonest mass and 
in the "terminal reservoir" types of idiopathic megacolon (colonic inertia) 
some urinary obstruction may be present, but is by contrast unusual in Hirsch­
sprung's disease where the colon is loaded but the rectum empty. It is frequently 
impossible to assess the significance of any intrinsic lesion, such as a doubtful 
bladder neck hypertrophy, until the rectum has been cleared and kept empty 
for several days. Mentally deficient children are particularly apt to suffer from 
severe constipation from an early age and on two occasions cases have been 
referred to me with a suprapubic cystostomy performed for a retention which 
could have been relieved by enemata. It should be noted, however, that consti­
pation may be a symptom of chronic renal failure which has resulted from a 
lower urinary tract obstructions, and that both bowel and bladder dysfunction 
may result from a central nervous lesion. 

Less common and less easily treated pelvic masses may be due to sacro­
coccygeal tumour (BROWN and BROWN, WOODRUFF and BEGNER), to presacral 
dermoid, to neuroblastoma and to hydrocolpos: all these may be found in the 
neonatal period or soon after. At this age I have also encountered urinary 
obstruction due to haematoma formation and abscess in the tissues behind and 
lateral to the bladder, perhaps resulting from a descending arteritis of the um­
bilical artery. Other pelvic masses may be due to duplication of the rectum 
(LADD and GROSS), hydatid cyst in the recto-vesical pouch (MORRIS), tumours 
in the female genital tract, or abscesses arising from osteomyelitis of the pelvis 
or from some visceral infection. 

3. Central nervous lesions 
The neurogenic bladder constitutes a separate problem from that posed by 

the mechanical obstruction, and is discussed at length in Section G. It should 
be remembered, however, that the clinical picture is occasionally confusing and 
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that the pathological sequelae in the upper urinary tract are similar in both 
disorders. Episodes of acute retention with abdominal pain occur in the neurogenie 
bladder due to congenital spinal cord lesions and may lead to erroneous diagnosis 
of mechanical obstruction (p. 130). It is sometimes suggested that a "cord 
bladder "Imay be present without any other signs of nervous disease and CAMP­
BELL has described a transient retention in a new born infant as due to cord 
damage. It is, however, very rare indeed to find a typical expressible bladder 
without other evidence of neurological disorder. 

Poliomyelitis in its early phase is often accompanied by acute retention, 
indeed this symptom is occasionally the first sign of the disease. 

111. Consequences of obstruction 

The pathological sequelae of chronic urinary obstruction are weIl known, 
and need not be discussed in detail, but certain differences in reaction between 
the adult and the child may be noted here. 

Changes are most marked in the congenital obstructions, and appear to take 
place with considerable rapidity before birth. The most severe sequelae are seen 
in infants dying within the first weeks of life. The time of on set of urine secretion 
in the foetus has not been finally established, probably it occurs between 9 and 
10 weeks, and although the elaboration of urine seems to play little part in the 
regulation of metabolie processes during foetallife, yet obstruction to its outflow 
will produce results famiIiar to every urologist. Detrusor hypertrophy is parti­
cularly marked, but the bladder is seldom enlarged above the umbilicus, and 
does not reach the proportions seen in the megaureter-megacystis syndrome 
(an exception to this occurs with the "giant bladder" associated with rectal and 
urethral atresia [po 94]). 

The bladder neck musculature participates in the detrusor hypertrophy 
whenever the obstructive lesion is in the urethra, and the bladder neck therefore 
forms a shelf which separates the dilated urethra from the bladder cavity: only 
in the late stages is the bladder neck funnelled. The significance of bladder neck 
hypertrophy in so-called "bladder neck obstruction" is discussed on p. 74. 

Vesical diverticula in the infant usually include the ureteric orifice within 
the sac: they are first formed at a point of muscular weakness, behind and lateral 
to the orifice, but draw in the ureter as they enlarge. Good illustrations of this 
anatomy have been published by HUTOH. A ureter opening into a diverticulum 
is always dilated, and usually allows reflux. 

Ureteric dilatation is much more evident in children (Fig. 81) than in adults, 
and is extreme in the foetus. The lower end of the ureter is first affected, and 
the dilatation extends retrogressively. The renal pelvis does not enlarge much 
more than the upper end of the ureter, but acute kinks are often formed at the 
pelvi-ureteric junction. Kinking at several points is inseparable from any 
advanced ureteric dilatation. Ureteric dilatation and hypertrophy is at first 
associated with active peristaltic activity, but in the later stages when vesico­
ureteral reflux occurs, ureteric contractions are absent or sluggish. This state 
of affairs contrasts with the maintenance of activity despite advanced dilatation 
in the mega-ureter-megacystis syndrome. 

The kidneys are hydronephrotic, but are frequently also dysplastic, and in 
the new born infant dying of urinary obstruction, the renal mass may be sm aller 
than normal. Scarring with cyst formation (Fig. 82) is common and histological 



112 Lower urinary tract obstruction 

examination of the parenchyma (PUGH) shows persistence of primitive renal 
elements, as described on p. 13, these changes appear to be secondary to the 
obstruction suggesting that there is an interference with the maturation of the 
later generation of the nephrons which normally continue to develop until the 
time of birth. Hypertensive changes may be found in the renal blood vessels. 
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Fig.81. {[pper tract dilatation in urethral obstmc­
tion. Post-mortem specimen from 3 boy dying at 
3 years of age with urethral valves, to show dilated 

and tortuolJs ureters 

Infection is a common complication 
and leads to an acute suppurative 
process in the parenchyma or to 
pyelonephritic scarring. The walls of 
the ureter and pelvis become thickened 
and oedematous, and enlarged aortic 
nodes are common. Venous thrombosis 
may complicate the picture. 

Ascites may be found in neonatal 
cases (PARROTT, LORD) and appears 
to be derived from a leak from the 
bladder, although a gross rupture is 
not always discernible. The escape 
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Fig. 82. Hypoplastic kidney in urethral obstruction. 
Post-mortem specimen from a boy dying at 3 weeks 
with urethral valves. The kidney is small in com­
parison to the enormous ureter and pelvis. the paren-

ehyma is riddled with small cysts 

of urine into the peritoneum, which commences before birth, lowers the tension 
in the urinary tract and the kidneys may be in better condition in these infants 
than in other congenital obstructions, although the outlook is very poor unless 
the condition is promptly recognized. Other fistulae found at the umbilicus or 
into the rectum may have a similar effect. 

In cases dying late in childhood, secondary hyperparathyroidism is usually 
present, together with renal osteodystrophy, and perhaps deposition of calcium 
in the soft tissues. 



Symptomatology 113 

IV. Symptomatology 
Acute retention presents an unmistakable clinical picture which can scarcely 

be overlooked or misdiagnosed, chronic. retention on the other hand presents in 
many forms which do not immediately suggest urinary obstruction. The prominent 
signs in such cases may be related to bladder function, to complicating urinary 
infection or to renal failure. 

Difficult micturition may be evident on examination but is seldom a specific 
complaint which is mentioned by the parents. It is most noticeable and most 
often reported in cases of anterior urethral obstruction due to meatal stenosis, 
anterior valves or diverticula, but a poor stream is present whenever the obstruc­
tion is anywhere proximal to the meatus. A long and redundant prepuce may 
conceal the forcefulness of the normal stream, but it does not constitute a serious 
obstruction unless it becomes ballooned at each act of micturition. 

Incontinence is much the most common urinary manifestation of obstruction, 
and although in minor cases this incontinence may mimic a simple "enuresis", 
the usual type is an overflow. In young infants the use of napkins conceals 
the normal habit of micturition but in chronic retention the child is always 
wet and the urine :tnay be seen to be emerging from the penis in a sl6w drip. 
In older children with chronic retention, as in the prostatic obstruction of the 
elderly, nocturn~l incontinence associated with day frequency and urgency may 
be noticed before micturition becomes a continual dribble. 

Painful micturition and haematuria are manifestations of complicating urinary 
infection and seldom occur in the child with sterile urine, but abdominal pain, 
often severe and colicky, may be due to retention even though overflow continues. 
Attacks of hypogastric pain associated with the distended bladder are particularly 
characteristic of cases with vesical diverticula, but pain mayaiso occur in the 
loin especially when there is reflux into a dilated ureter. 

Infection in the obstructed urinary tract produces a severe constitutional 
disorder and high fever with toxaemia is common: the urine is turbid with pus. 
In spite of the obstruction antibiotic drugs may weIl sterilize the urine or at least 
relieve the acute symptoms for a time; it is therefore of vital importance that the 
clinical signs of obstruction should be sought at the time of first examination, and 
full investigation made as soon as the child's condition permits. 

V omiting, with failure to thrive, is the commonest presenting complaint in 
young infants with congenitallower urinary obstruction and results from renal 
failure. The vomiting may lead to dehydration, which is accentuated by the 
obligatory polyuria of the failing kidneys. Acidosis of some degree is usual in 
the uraemic child, and may be sufficiently severe to cause sighing respiration. 
The biochemical manifestations of renal failure in obstructions are discussed by 
ERICSSON et al., and in Section M of this volume. 

Constipation is common, and several of my cases were investigated by barium 
enema, suspected of Hirschsprung's disease, before an estimation of the blood 
urea indicated the need for urological consultation. Diarrhoea mayaiso occur 
at times, and gross intestinal distension is a prominent feature of some uraemic 
infants. 

Muscular hypotonia is a symptom in long standing cases, and is probably related 
to the acquired insensitivity to vitamin D which later manifests itself in renal 
rickets. Symptoms of hypertension appear in some children. 

The children who present with signs of renal failure have usually an overflow 
incontinence which has been overlooked, but occasionally the micturition appears 
to be surprisingly normal even though chronic retention has led to advanced 
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hydronephrosis. The prognosis of these infants is naturally very much worse 
than for the older children whose only complaint is a disturbance of micturition. 

Long standing urinary obstruction of a degree insufficient to cause chronic 
retention does not occasion any characteristic symptoms, for an actual complaint 
of difficult micturition or a poor stream is uncommon in children. The obstruc­
tive element in these cases is only discovered during the routine investigation of 
children with persistent enuresis, vague abdominal pain, and urinary infection. 

v. Diagnosis and management 

1. Aeute retention 
Acute retention presents no difficulty in diagnosis : even in the young infant 

who cannot indicate the nature of his pain, the dryness of his napkins and the 
distension of the bladder are unlikely to escape his mother's attention. Sometimes 
a simple clinical examination will also reveal the cause of the retention, a meatal 
ulcer perhaps or a stone impacted in the penile urethra, but where no cause is 
evident, treatment must often precede investigation, so urgent is the need for 
relief. Since acute retention is often the result of painful micturition, the admini­
stration of asedative and a warm bath may be sufficient to re-establish urine flow, 
and the cause may be sought later. If the rectum is loaded, an enema will often 
result in evacuation of both bladder and bowel. When these simple measures are 
not effective, the urine must be withdrawn by catheterization, but an indwelling 
catheter should not be required unless difficulty in instrumentation, or subse­
quent examination reveal the presence of a serious obstructive lesion. The 
investigation and management in such cases will be the same as for cases of 
chronic retention. 

2. Chronie retention 
In this group, chronic obstruction has led to palpable bladder distension 

and usually to overflow incontinence of urine. In palpating the abdomen of a 
child it must be remembered that the normal fuH bladder is an abdominal organ, 
reaching to the umbilicus or near it, and an adequate opportunity for uninterrupted 
micturition must be allowed before examination. The presence of a faecal mass 
in the rectum will render even a partly distended bladder easily palpable. In the 
infant, who cannot be induced to micturate to order, it is hard to judge whether 
the distension is due to a residual urine or not, but a fair indication may be 
gained from the observation of dribbling micturition in the presence of a fuIl 
bladder. On the other hand, in the infant with congenital obstruction the renal 
swellings are often considerable, and may divert attention from the comparatively 
slight bladder distension, so that an upper urinary tract disorder may be suspected 
even in urethral obstructions. 

The palpation of a distended overflowing bladder does not neccessarily indicate 
an intrinsic urinary tract obstruction and clinical examination can carry the 
diagnosis a stage further. In the first place, a neurological cause for bladder 
distension must be sought; usually a meningocele or evident deformity of the 
sacral vertebrae will betray a spinal cord lesion, but the sensation in the perineum, 
the tone of the anal sphincter and the tendon reflexes should be tested. The 
neurogenic bladder is characteristically expressible, whereas the mechanically 
obstructed bladder can only be expressed under anaesthesia uniess the infant 
is already near coma. 

In the older child, an attempt should be made to differentiate between true 
and false residual urine: the latter term may be used to described bladder 
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distension after micturition which results from the return of urine which has 
been drivf;n during bladder contraction into distended ureters by reflux. This 
situation is characteristic of the mega-ureter-megacystis syndrome, and is also 
seen with large vesical diverticula. The" false" residual urine may be partially 
or completely expelled by a second or third act of micturition performed ten 
minutes after the first, and it is seldom associated with overflow incontinence. 

Rectal palpation may reveal the presence of an extrinsic obstruction, such 
as a sacro-coccygeal tumour. In the new born female with retention the vagina 
must be carefully inspected, for hydrocolpos is a likely cause. Ascites accompanied 
by anuria in a neonate may be due to urethral obstruction with a leaking bladder. 

At the completion of the clinical examination, it will often be possible to 
say that astate of chronic retention is present, and that it is probably due to 
an intrinsic obstruction, but it is seldom possible to identify the nature of this 
obstruction without endoscopic and radiological investigations. However, the 
infant with chronic retention is in a precarious condition and further diagnostic 
procedures must be integrated with the urgent problem of treatment. The dangers 
of infection complicating catheterization, which have been fully recognized for 
the elderly prostatic, are present in the infant to an equal degree, and the hazards 
of acute biochemical disturbance are even more perilous. A routine of management 
is clearly required which yields the maximum diagnostic information with 
minimum risk, and the routine adopted naturally varics in different urological 
centres. The general references at the end of this section may be consulted for 
a full survey, and only my own practice will be described here. 

H the urine is overflowing from the distended bladdcr and the child is not in 
I1cute pain, catheterization is not urgcntly required and certain preliminary 
investigations are desirable. A clinical estimate should be made of the degree 
of dehydration from the elasticity of the skin and the state of the fontanelles. 
An estimation of the blood urea is vital, though the result must be considered in 
relation to the dehydration, and if possible the serum electrolyte levels should 
also be investigated. The urine should be examined for pus and organisms. 

When the child's general condition is good, the urine sterile and the blood urea 
only slightly raised (e.g. below 60 mgmJ100 ml after correction of dehydration) 
there is little urgency and a thorough investigation may be undertaken. An intra­
venous pyelogram should be performed and, if active micturition is possible, a 
micturating cysto-urethrogram will provide the most valuable data. Endoscopy 
and operative treatment of the obstructing lesion may then follow. 

H the blood urea is raised to 100 mgmJIOO ml or over, even though the child's 
general condition is good, treatment is more urgent. The correction of dehydration 
and acidosis are often the most immediate requirements, but once these measures 
are in train, the child should be taken to the theatre and anaesthetized. A metal 
catheter is then passed, and the bladder emptied. The process of instrumentation 
itself will give some information, especially in cases of stricture, and once the 
bladder is empty a tumour in the bladder, prostate or surrounding tissue will be 
easily palpable. An expression cysto-urethrogram is performed in the manner 
described on p.6. The urethrographic appearances in the congenital bladder 
neck and urethral obstructions have becn described in the previous section, and 
reference should be made to Figs 53 to 65. While the films are being developed 
the child is placed in the lithotomy position and a cystoscope introduced. In 
some male infants a perineal urethrostomy will be required for this purpose, but 
there should be no hesitation in making such an incision. It is important, however, 
that the anterior urethra as weIl as the posterior should be carefully inspected 
endoscopically, for anterior urethral valves and diverticula are causes of 
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obstruction which are easily overlooked. Once radiological and endoscopic findings 
are available, it should be possible to reach a diagnosis of the cause of obstruction 
and adecision as to the mode of treatment. In most cases it is preferable to 
proceed immediately to removal of the obstruction, and to drain the bladder via 
the perineal urethrostomy. If a large vesical diverticulum, abladder tumour, 
or some other lesion requiring major surgery is found, a catheter may be left in 
for a day or two while the child is prepared for the operation. 

When an infant with chronic retention has a high blood urea, a urinary 
infection with a persistent pyrexia and is in poor general condition, drainage 
of the urinary tract, restoration of the biochemical equilibrium and chemotherapy 
are the urgent requirements, and no attempt should be made to diagnose the 
exact cause of obstruction. Pyelostomies or nephrostomies are a more effective 
form of drainage than cystostomy, for the ureters are dilated and tortuous, 
so they do not always empty satisfactorily once the bladder has contracted 
around a suprapubic catheter. Bilateral pyelostomy is a simple procedure in 
infancy, and is tolerated well except in the most advanced uraemia, when a stab 
cystostomy may be justifiable. An indwelling urethral catheter only provides 
adequate drainage in girls and in older boys: in male infants the lumen of the 
catheter must be so small and easily obstructed that it has very little value. 
Diagnostic investigation and definitive treatment should be undertaken as soon 
as possible after preliminary drainage, since the use of indwelling tubes of all 
sorts is ultimately complicated by resistant urinary infection which can only 
be overcome by restoring normal micturition. 

The post-operative management of cases of chronic retention varies con­
siderably in the individual obstructions, but in all the dangers of electrolyte 
imbalance are great. Estimations of blood urea and serum electrolytes should 
be made at least on every alternate day during the first week, and appropriate 
corrective measures should be started without delay. The common disorders 
are discussed in Section M. Regrettably often, however, in the case of congenital 
urethral obstruction, the acute disturbances are overcome by careful management, 
but the blood urea remains high because of irreversible renal damage, and after 
some months or years the chronic disturbances become evident. Renal osteo­
dystrophy is always a danger in these children, and their vitamin D requirements 
should receive attention. 

The tortuous ureters and hydronephrotic kidneys predispose to later urinary 
infection, even when the primary obstruction has been overcome. Aperiod of 
continuous chemotherapy for at least six months after dis charge from hospital 
is desirable and antibiotics should be started immediately pyuria is noticed. 
Operative measures designed to straighten out the ureteric kinks have been 
advocated by some authors but have not given satisfactory results in my hands. 
Similarly operations designed to stop vesico-ureteral reflu~ are of doubtful value, 
and when reflux is serious, a regime of double or tripIe micturition should be 
instituted as in the mega-ureter-megacystis syndrome. 

3. Low grade obstructions 

During the investigation of children suffering from incontinence or recurrent 
urinary infection, but without palpable bladder distension, the possibility of a low 
grade obstruction in the lower urinary tract must be considered, and it is im­
portant to define the criteria on which a diagnosis of obstruction should be based. 

The measurement of residual urine has often been regarded as a reliable 
indication of the degree of obstruction, and has an established place in adult 
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urology. In paediatric work similar measurements are often made without any 
understanding of their fallibility, and in my opinion far too much importance has 
been attributed to them. In the very young it is almost impossible to be sure 
when a complete act of micturition has occurred, and the nervous child who 
is sent to pass urine while preparations are made for catheterization is often too 
frightened to make a satisfactory job of it. If residual urine is measured duuing 
cystoscopy under anaesthesia, allowance must be made for the period of premedi­
cation and cannot be accurate. When reflux is present the residual urine is 
often simply the volume of the distended ureters and only eine cystography will 
show whether the bladder was empty at the time of contraction. 

YOUNG et a1. have introduced a more complicated method of assessing 
volumes of residuum: they suggest instilling a light solution of radio-opaque oil 
into the bladder: if X-rays taken 24-48 hours still show oil in the bladder, then 
no complete contraction can have taken place. 

Trabeculation of the bladder when associated with residual urine is good 
evidence of obstruction, but it must be remembered that any child with severe 
frequency, even when it is of the enuretic type, will have a slight trabeculation, 
and this finding alone should not be taken to indicate a hindrance to the outflow 
of urine. 

Diverticulum formation is usually the result of obstruction, but there is good 
evidence that it is sometimes due to a congenital defect in the detrusor· coat 
(p.69). 

Vesico-ureteral reflux occurs in many conditions, and even in the apparently 
normal urinary tract. As a solitary finding, it does not indicate obstruction. 

Thus although some urologists find minor degrees of urinary obstruction as 
a common cause of enuresis and recurrent infection, in my opinion such ob­
structions should only be diagnosed after careful consideration of the evidence 
and endoscopic resection or intermittent urethral dilatation should be reserved 
for those with unequivocal signs. 

F. Enuresis 

J. Normal development 

Enuresis, the form of urinary incontinence which is unaccompanied by any 
major organic lesion, is by far the commonest urological disorder of childhood. 
The term is difficult to define, since almost all definitions involve acceptance of 
a particular theory of its causation, but it does not seem useful to follow those 
writers who inelude under the heading almost all forms of incontinence, more 
particularly those which occur at night, for the differential diagnosis of thevarious 
forms is of the greatest practical importance. Others define enuresis as a purely 
functional disorder, but this seems to exelude the possibility that minor organic 
abnormalities might be present. NASH definesthe condition as a persistence or 
areturn to an infantile habit of bladder func'ijon, which may result from a variety 
of causes, and although the implications of this definition are not proven, it does 
emphasize the clinical importance of analysing the nature and circumstances of 
the incontinence, the first step in diagnosis. 

The normal infant passes urine frequently, and more or less automatically, 
whenever the bladder is full. Although at this stage conscious control of micturi­
tion is lacking, from the physiological viewpoint bladder function is normal, and 
the term incontinence is not strictly applicable. It is often possible to recognize 

Handbuch der Urologie, Bd. XV 8a 
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true incontinence of the dribbling overflow variety {rom earliest infancy, provided 
napkins are not allowed to obscure observation. The normal child will pass 
urine in a good stream and then remain dry for aperiod, whereas the incontinent 
one is always wet. 

The exact frequency of micturition in infancy varies considerably in different 
individuals, perhaps from every quarter of an hour to every three hours, and 
peripheral stimuli may facilitate the reflex action. It thus happens that some 
mothers succeed in getting their babies to micturate on their pots before and after 
feeds at a very early age: this is a reflex, however, which will probably break 
down towards the end of the first year, when the normal conscious control is 
being acquired. In this later stage, micturition is still frequent and urgent, so 
that if the pot is immediately available the child will use it, but he is unable to 
wait after the first desire to micturate until a suitable time. With patient and 
assiduous training most children acquire diurnal control between 12 and 18 
months, though some require up to 21/ 2 years. Nocturnal control follows naturally 
from the diurnal training, and is usually though not invariably acquired later. 
Training is sometimes temporarily frustrated by the child's natural reluctance 
to accept the discipline of toilet routine, and a self-willed infant who has been sat 
on the pot for half an hour without success will often promptly empty his bladder 
on the carpet: an exasperating circumstance for his mother but of no concern to 
the urologist. 

The infantile bladder habit thus exhibits various stages in its development and 
enuresis, which is the persistence of that habit, has correspondingly various 
manifestations, the youngest enuretics having frequency and urgency by day 
as in early infancy. 

The age at which it can fairly be said that the child is an enuretic, rather 
than anormal late developer is indefinite, and the accepted figures, varying 
between 3 and 5 years, are dependent upon the practical consideration of when 
it is useful to start treatment. KLACKENBERG in Sweden found that 87 % of 
children were dry by night at the age of 3 years, and 96 % by the age of 6 years. 
It is, however, never too early to establish beyond doubt that the incontinence 
is of the enuretic type, nor too soon to advise the mother as to the proper method 
of training the child, for the treatment of the youngest enuretic is simply a 
training process. 

11. Incidence 

Enuresis is weIl known to be an extremely common complaint, and in the 
ordinary course of events only a proportion of enuretic children are brought for 
treatment. The upheaval involved in the evacuation of the great cities of England 
during the 1939-1945 war revealed the surprisingly high incidence of the dis­
order. BLOMFIELD and DOUGLAS give figures relating to an unselected group 
of 5,386 children, whose development is being watched from birth onward. At 
the age of 6 years 1.8% of boys and 4.1 % of girls were wet during the day; this 
is in keeping with the ordinary clinical observation, the diurnal urge incontinence 
type of enuresis being particularly common in girls starting school, but the inci­
dence of day wetting falls off very rapidly after this period. At this age (6 years) 
11.9% of boys, and 8.4% of girls were wet at night, but 18 months later the 
incidence had dropped to 8.0% of boys and 6.4% of girls. These figures, which 
may seem very high, include all cases and only 1.65 % of the whole group were 
wet every night at the age of 71/ 2 years. Evidence is not available for a com­
parable group in later years, but there is no doubt that boys predominate among 
the older enuretics who have night symptoms only. 
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The fall in the incidence of enuresis with advancing years seemed very little 
influenced by treatment in the series of BLOMFIELD and DOUGLAS. 

A familial incidence of enuresis is well recognized and FRARY has gone so far 
as to suggest that it is a condition inherited according to Mendelian laws. At times, 
however, it seems that a family already innured to the hardships of enuresis does 
not provide the best training ground for younger children. 

Enuresis is more common in institutions caring for large numbers of children 
than elsewhere. MICHAELS and GOODMAN have discussed its relation to delin­
quency. It is, however, agreed by most observers that if low grade mental defec­
tives are excluded, there is no direct relationship between enuresis and intelli­
gence. 

About 1 in 5 or 6 enuretics have had aperiod of normal control at the age of 
2 or 3 years, but later relapse, often at 4 or 5 years. The late onset cases, however, 
differ very little from the congenital, and the same aetiological factors a pply 
to both groups. 

III. Symptoms and differential diagnosis 

In a urological treatise, it is scarcely necessary to emphasize that all inconti­
nence is not enuresis, and that by careful history taking and simple clinical 
observations it is possible to classify cases under aseries of headings which often 
give a reliable indication of the nature of the basic disorder, and form a starting 
point for more complex investigations. Such a classification is concerned chiefly 
with the day symptoms, for it is hard to discover precisely what is happening 
at night. Moreover, a child who is only wet at night and has no day symptoms 
at all seldom has any organic abnormality. 

In urge incontinence, micturition is frequent, and the desire to void imperative, 
but no dribbling occurs between the acts. This is the ordinary type of incontinence 
in the younger enuretics, particularly in girls, though it also occurs in urinary 
infections, in the neurogenic bladder and in other organic diseases. The simple 
enuretic form may be distinguished by the sterility of the urine, the absence of 
other symptoms, and the readiness with which it responds to training: on a regime 
of regular timed micturition under proper supervision, the enuretic with diurnal 
urge incontinence will quickly become dry by day. 

In dribbling incontinence, the urine flows away continuously, so that the 
child is wet soon after micturition, if that act is still possible, and a regular timed 
regime does not make him any drier. Chronic retention with overflow is a common 
cause of dribbling incontinence which is often present from earliest infancy: 
when of later onset, the incontinence is often nocturnal at first, as in the elderly 
prostatic, but diurnal frequency and a poor stream usually suggest the nature 
of the condition. Dribbling incontinence is also characteristic of the neurogenic 
bladder due to a low spinal cord lesion; in this, as in overflow, there is an 
associated failure of normal micturition. By contrast dribbling incontinence due 
to an ectopic ureter is accompanied by normal micturition. A somewhat similar 
disturbance has been recorded with double urethra in the female and con­
genital vesico-vaginal fistula (p. 69). 

Sphincter weakness, when the detrusor function is normal, leads to a stress 
incontinence. In severe disorders such as epispadias all the urine empties from 
the bladder as soon as the child sits up or stands, though only a little may drain 
away during the night. Mild stress incontinence with wetting only during active 
exercise, is occasionally found in girls with no detectable abnormality of the 
bladder or urethra other than a laxity of the urethral musculature: the symptom 
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often disappears as the child approaches adult life, and its recovery can be hastened 
by faradic stimulation of the perineal musculature. Some urologists have en­
countered severe cases of this type in which they believed there was an actual 
muscular deficiency, and have performed plication or sling operations to support 
the urethra. A type of stress incontinence may be seen with neurogenie bladder 
with a low incomplete lesion, and it is common after operations to relieve valvular 
obstruction of the urethra in infancy. 

Giggle incontinence is an affliction of girls of school age, often confused with 
and occasionally accompanied by stress incontinence. Micturition is normal, 
and control is only lost when the child dissolves into a fit of the "giggles": a 
complete bladder evacuation then occurs. No abnormality is found in the urinary 
tract in these cases, which are often familial. The condition appears to be due 
to a disorder of the central nervous control, rather than to any peripheral fault, 
and no effective treatment has been devised. However, the symptom becomes 
less troublesome as the years go by, and situations no longer seem so humerous 
as to provoke the uncontrollable giggles. 

Enuresis, which is a persistence of, or return to, the infantile habit of bladder 
function, has several forms; it is never a dribbling incontinence, nor it is precipi­
tated by stress or giggling. It is not associated with a large residual urine, an 
expressible bladder or a urinary infection. 

Four clinical types of enuresis may be recognized: 
i) Wetting by day and night, with frequency and urgency of micturition. This 

form is common in young children, girls more often than boys, and occurs in the 
congenital as weIl as the late onset type of enuresis. The frequency is often extreme 
following the ingestion of fluid, when the child may be passing urine every 
quartel' of an hour, yet the incontinence is always due to urgency rather than 
dribbling. 

ii) Wetting by night only, but some frequency by day. A very high pro­
portion of children with nocturnal enuresis have some frequency, even though 
they are perfectly controlled by day. 

iii) Wetting by night only, with no day symptoms. This type is characteristic 
of the older child and adolescent, particularly the male, and is often the most 
difficult to eure. 

iv) Wetting by day only, with frequency and urgency. This symptom complex 
is always suspect, being the least common type of simple enuresis, and mimicked 
by stress and other types of incontinence due to organic disease. 

IV. Aetiological factors 

The aetiology of enuresis has been the subject of much research and specula­
tion durjng the past century, but it cannot be claimed that there is as yet any 
universally accepted explanation. Almost every observer who has employed 
some new method of investigation has convinced himself of the cause, which has 
been demonstrable in a high percentage of his cases; the type of investigation, 
however, seems to have determined the type of lesion discovered, radiologists 
find one disorder, endoscopists another, physicians and psychologists others 
again. All these claims are backed by impressive results obtained by treatment 
of the lesion described, für it appears that enuresis will always respond to treat­
ment administered with enthusiasm and confidence. The conflicting evidence 
compels the sceptic to believe that no specific cause can ür will be found, but it is 
perhaps more constructive to suppose that the disordered bladder function may 
result from a wide variety of factors, which should be sought in each individual 
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case and treated on their own merits. A review of the more widely recognized 
"causes" must therefore be included here, for although none can have the im­
portance claimed for it by its protagonists, all are likely to be of some significance. 

1. Faulty training 

Great importance has been attributed to this factor by some authors, though 
it can scarcely apply to cases in which nocturnal enuresis is the only symptom, 
for training can directly influence only the diurnal control, and in the ordinary 
circumstance dry nights will follow. The child with day frequency and urgency 
can be quickly cured by a strict regime, and it might therefore be said that this 
disorder is due to a failure of ordinary training, yet in modern circumstances 
it is often due to a faulty parental attitude rather than to neglect. In BLOM­
FIELD and DOUGLAS'S series there was adefinite social gradient: enuresis was 
found to be most common amongst the families of manual workers, and least 
common amongst the professional classes and agricultural workers. Never­
theless, the children of intelligent and well-to-do parents are quite often affected, 
and if there is a failure of training it is usually due to over-anxiety and to an 
expectation of perfection at too early an age, coupled naturally with an acute 
disappointment when the child fails to live up to the high standard set. 

2. Psychological dis orders 

It is a matter of common observation that enuresis is frequent in children 
with an obvious emotional disturbance. An anxiety state is often present, the 
child being nervous, worried or frightened, perhaps having just started school 
and encountered an unsympathetic teacher, perhaps being ill-treated by a step­
father. The child who has been sent to an institution, or feels neglected following 
the birth of a younger brother or sister, the child who has suffered some terrifying 
physical experience or accident, is frequently brought to hospital for the treatment 
of enuresis. In a different group are the children with severe behaviour disorders, 
the truants and delinquents, the psychopathic personalities who are brought up 
before the courts, and who have often faecal as weIl as urinary incontinence. 
In same of these, whose enuresis has been present since birth, it may be argued 
that the psychologie al disturbance was consequent upon the bedwetting, and 
upon the resulting rejection by the parents, but it is equally clear that specialist 
psychological guidance is necessary once the urologist has assured himself that 
no organic lesion is present. 

These emotional disturbances will be evident to any clinician, but most 
psychiatrists claim that all enuresis has a psychological basis, and argue that 
the symptom is only one manifestation, not even a very important manifestation, 
of a deep-seated disturbance. On this ground they believe that treatment directed 
to the symptom alone is useless and even harmful (BEVERLY): urological instru­
mentation or examination of the genitalia will only exacerbate the psychological 
trauma. This attitude is unlikely to appeal to the urologists, who will naturally 
draw attention to the many children who have 'been cured of their emotional 
disturbances by prolonged psychiatrie treatment. but still wet the bed. Dreams 
which include micturition phantasies are held responsible by some, and as might 
be expected Freudian explanations of enuresis as the equivalent of masturbation 
or as sexual fears are not lacking (WINNICOT). 

A detailed discussion of the psychological theories would clearly be out of place 
in this volume, but emotional factors can never be ignored in treating enuresis. 



122 Enuresis 

All successful methods of treatment include an element of suggestion, a fact 
which indicates that a psychological adjustment is usually necessary, and the 
physical methods which are employed should be adapted to the child's emotional 
status, for instance a system which involves repeated electric shocks whenever the 
bed is wct is more likely to help a stable adolescent than a nervous five year old. 

3. Urinary tract disorders 

Urologists have been chiefly responsible for emphasizing the role of minor 
disorders of the urinary tract in enuresis and the prepuce has inevitably received 
vigorous attention. WINSBURy-WHITE in a study of 310 cases claimed that 50% 
of females had vulvitis, and that 70 % of males required meatotomy: signs of 

Fig. 83. Enuresis. Micturating cysto·urethrogram in a hoy aged 7 years, 
also suffering from occasional faecal incontinenee, and from adefinite 
hehaviour disorder. There is weil marked transverse line below the 

verumontanum. He improved on medieal treatment 

inflammation at the inter-
nal urinary meatus, polyps, 
granulomata, and mucosal 
hillocks, were prcsent in 
70 %, although the urine 
was sterile in most of these. 
Other endoscopists of re­
pute have reported similar 
findings (e. g. CAMPBELL) 
and claim considerable suc­
ces as a result of treatment 
by endoscopic diathermy 
and dilatation. There is no 
doubt that children treated 
in this way remain dry at 
night as long as they have 
some dysuria following in­
strumentation, and since 
enuresis is ultimately self­
limiting in the majority a 
permanent improvement 
follows in some. 

Bladder neck obstruction has been regarded as an important cause of persis­
tent enuresis by MILLER, and many reports of this disease in children include a 
high proportion of enuretics. It is important, however, to distinguish simple 
enuresis from overflow incontinence, and in the "bladder neck 0 bstruction " 
associated with simple enuresis there is usually a pro minen ce of the bladder neck 
region but only questionable evidence of obstruction (p. 72). 

Radiological methods of investigation reveal a different series of abnormalities 
in the urethra: BRODNY and ROBINS found unexplained stenoses, while FISHER 
and FORSYTHE demonstrated many cases of urethral valves, though most of 
these exhibited linear filling defects (Fig.83) in the urethrogram, but had no 
proximal dilatation, nor any evidence of obstruction. To the present writer it 
appears doubtful whether such non-obstructive mucosal folds can be responsible 
for enuresis, and similar personal cases have recovered without surgical treatment. 

Another group to which FISHER and FORSYTHE refer exhibits a dilatation of 
the upper urethra, with or without a wide bladder neck, so that the urethrogram 
often simulates that found in the neurogenic bladder (Fig. 84). Similarly it may 
be demonstrated clinically, particularly in girls, that the urethral musculature 
is lax, and endoscopically that the bladder neck relaxes when the bladder is full 
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(SIENKIEWIEZ). Operations to support or plicate the urethra are often advised 
for this type of case (McFADDEN, GAYET) but have met with variable success. 
eine cystography in my cases with an apparently wide urethra has shown normal 
bladder function, and normal closure of the bladder neck, while a number have 
improved on conservative treatment. The range of normal urethral distension 
is considerable, and if the external sphincter is contracted during mi cturition , 
the posterior urethra will 
suddenly balloon out, so 
that a single film taken at 
this moment might be sup­
posed to indicate an ob­
structive lesion. When there 
is definite laxity of the 
urethral musculature, it is 
likely that stress inconti­
nence will be present, as 
weH as urgeney. 

Abnormalities of blad­
der function have been ex­
tensively studied by cysto­
metry (NASH) and it ean be 
demonstrated that the ehild 
with day frequency has a 
small capacity bladder with 
many uninhibited contrac­
tions. Most of these ehil­
dren will improve with 
training, and it has been 
elaimed that the gentle dis­
tension which aecompanies 
the cystometry will help 
(STOCKWELL and SMITH), 
but a few seem to have per­
sistentlysmall bladders,and 
if they eease to be enurctic 
they have to mieturate onee 
or twiee at night. 

A thorough investiga­
tion of enuretic children 

Fig. 84. Enuresis. Mictnrating cystogram in a girl aged 8 years with 
persistent enuresis, chielly nocturnal, sometimes diurnal. The upper 
urethra is apparcntly widened. although no abnormality was seen on 
urethroscopy. eine cystogram showed a normally functioning bladder, 

and normal clasure af the internal sphincter 

will oeeasionally reveal an unsuspeeted eongenital abnormality such as uretero­
eeIe, hydronephrosis, or fused kidney, and in most of these eases it is diffieult 
to establish any relationship between the symptom and the finding. Treatment 
may be required for these lesions, but is often found to be without effect upon 
the enuresis. 

4. Bowel disorders 

Obstinate eonstipation, and even idiopathie megacolon, is sometimes found 
in association with enuresis, and emptying the bowel often leads to improvement 
in urinary contro!. This type of constipation may occur in emotionally disturbed 
children, however, and it is not always clear that the bladder disorder is consequent 
upon the distension of the bowe!. In the absence of gross eonstipation, or of a 
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spinal cord lesion, enuresis accompanied by soiling usually indicates a behaviour 
disorder requiring psychological attention. 

Thread worms may be found in enuretics, and it is reasonable to suppose that 
the irritation they cause plays a part in the urinary disturbance. 

5. Neurological dis orders 

Spina bifida occulta has been held responsible for enuresis in many cases, and 
operations to free the nerve roots have had their vogue, as have epidural injections 
of saline believed to loosen adhesions. While there is no doubt that spina bifida 
occulta can be associated with myelodysplasia causing a neurogenic bladder 
(see p. 127) together with other neurological signs, it is very doubtful whether the 
simple bony lesion has any relation to the usual enuretic type of incontinence. 
KARLIN has shown that 54 % of normal children have a radiologically demon­
strable failure of union of the lamina of the fifth lumbar or first sacral vertebra, 
and that the incidence is no greater in enuretics. 

Epilepsy occurs in some enuretics, and an occasional case of diurnal inconti­
nence is due to unrecognized petit mal. 

6. Polyuria 

A high urinary output renders a child liable to enuresis, and the onset of 
diabetes insipidus or melitus is sometimes revealed by this symptom. Never­
theless a great many children with polyuria have normal bladder control, often 
in fact have abladder of unusually large capa city. It has been claimed (POULTON) 

that a relative nocturnal polyuria (a failure of the normal diminution of urinary 
secretion during the night) is responsible for enuresis in a high proportion of 
cases. The controlled observations of VULLIAMY appear to contradict this view. 

7. Other causes 
Deep sleep has been blamed for enuresis by many parents and some doctors, 

for it is a common observation that anything which lightens the sleep alleviates 
the symptoms. Nevertheless, many dry children sleep very deeply indeed. 

Acute infectious diseases sometimes occasion the onset of enuresis after a 
controlled period, but there does not appear to be a specific factor here. 

Allergy has been held responsible by some (POTTER) and among the more 
fantastic suggested causes are enlarged tonsils and hereditary syphilis. 

v. Management 

The successful management of enuresis in childhood depends very largely upon 
the time, care and enthusiasm which can be devoted to each individual case: 
abrief examination and routine prescription are never sufficient and an initial 
failure to gain the child's confidence makes subsequent treatment more difficult. 
The first interview is necessarily prolonged, since it should be concerned with the 
child's general health, environment and emotional state, it is probably better 
performed by a general practitioner or paediatrician than by a urologist. It is 
of course important that cases of overflow incontinence and those with a severe 
psychological disturbance should be sorted out immediately, but a failure to 
recognize such cases is usually the result of haste rather than lack of specialist 
knowledge. A careful history which analyses the nature of the incontinence, 
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followed by a thorough clinical examination and routine urine tests, should 
eliminate the cases in which the symptoms are due to a gross organic abnormality, 
and the simple enuretics do not require urological investigation unless they show 
no improvement on treatment. 

Whatever system of treatment is adopted the child must be first of all be 
assured that no serious disease is present, that there are no terrible consequences 
to be anticipated and that by his own efforts he can, and will, become peclectly 
normal. The parents must be instructed to take a reasonable attitude towards 
the disorder, giving the child every encouragement to improve, yet avoiding dour 
threats or physical punishments. Any tricks which remind the child of the need 
for positive effort are valuable, the keeping of calendars and rewards for success 
for instance; in older children it is reasonable to expect them to help with the 
washing in case of failure, but they should not be allowed to develop a sense of 
hopeless inferiority or of rejection by their parents or fellows. The younger child 
who is feeling neglected by his mother will need extra attention, the older spoilt 
child needs stimulation in order to become independent, and short stays with 
relatives or at camp may develop the sense of personal responsiblity. 

The sleeping accommodation should be enquired into, and it should be possible 
for the child to get out to go to the lavatory without fear or difficulty if he should 
wake in the night. Sharing of beds is sometimes a problem for there is little 
encouragement to improve if the bedfellow is also enuretic. 

Fluid restriction in the evening is almost universally practised in enuresis, and 
has usually been given an extensive trial before the doctor is consulted. It is 
difficult to be sure that it is Meless. 

1. Training and conditioning methods 01 treatment 

The younger enuretic with day frequency and incontinence is most satis­
factorily treated by a time training regime (NASH). The child is sent to pass urine 
at regular intervals by the clock throughout the day: hourly or even half-hourly 
micturition is necessary at first, but once the routine is established, the interval 
can be gradually prolonged in successive weeks or months to two or three hours. 
At this stage the child cannot be relied upon to go to the lavatory without promp­
ting or to get adequate warning of when the bladder is full, it is therefore essential 
that parent or teacher should insist on a timed interval. Drug therapy may use­
fully supplement the training but should be regarded only as an auxiliary. On 
this regime almost all enuretics will become dry by day, and will be able to hold 
their urine for longer and longer periods : failure to respond is usually due to 
failure to carry out the instructions. As the bladder capacity enlarges, so dry 
nights become more likely, but the attainment of nocturnal control often requires 
much greater perseverance and possibly other methods of treatment. A young 
child should not be woken more than once or twice at night, for there is a danger 
that loss of sleep will do more harm than enuresis. 

The older child and adolescent with day frequency, but incontinence only 
at night, may be encouraged to train himself: by voluntary restraint when the 
urge to micturate is first feIt he can increase the effective capacity of the bladder 
and diminish the frequency. Weekly measurements of the volume held when the 
bladder is full may stimulate this effort (HIGHAM) , and whether because of the 
physical or psychological effect, dry nights ultimately follow. Once again drug 
therapy may be employed at the same time. 

For the older child who has no day symptoms at all, day training is of little 
assistance. Regular wakening once or twice at night is sufficient to keep many 
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children dry, and although it does not effect any fundamental cure, it saves a 
lot of inconvenience and most cases ultimately cure themselves. An alarm clock 
which forces the child to wake himself is a greater stimulus than a gentle maternal 
hand, but often the alarm bell wakes everyone in the house except the enuretic 
himself. In these circumstances a drug which lightens the sleep is advisable. 

MOWRER and MOWRER introduced the method of waking the enuretic child 
by means of an alarm bell which was set off as soon as urine was passed on to a 
tin foil sheet in the bed; the child must then get out of bed to switch off the alarm 
and to change the sheets. This system has recently gained popularity and it 
is satisfactory for the older child without day symptoms who wets the bed only 
once or twice a night, but wets most nights in the week. After a short time, the 
child usually wakes before micturition has occurred, but later sleeps through the 
night without being disturbed. CROSBY modified the method to include an elec­
trode which administercd a mild electric shock to the abdominal wall at the same 
time that the alarm was set off; this apparatus is complicated, and the shock 
treatment more suitable for adolescents than children. 

2. Drug treatment 
The most popular drugs used in enuresis are those which lighten the sleep and 

lessen the frequency of bladder contractions. Belladonna (tincture, minims v 
each night, gradually increased to the limits of tolerance) is a long established 
remedy now seldom employed: the atropine in it is believed to act by blocking 
the post-ganglionic nerve endings in the detrusor, inhibi~ing excessive tone. 
Ephedrine is a sympathomimetic drug which has little effect on the detrusor 
but increases the tone of the internal sphincter: it also has a central stimulant 
action which prevents deep sleep. Used in the form of Methyl Ephedrine, a dose 
of 2/3-P/3 grains three times a day is suitable. Amphetamine has some of the 
peripheral action of ephedrine, but much more powerful stimulant effect, and very 
heavy sleepers benefit from its action: 5 to 15 mgm a night may be necessary. 
Methantheline (Banthine) and Propantheline (Probanthine) are anti-cholinergic 
drugs which decrease detrusor tone and diminish the frequency of bladder con­
tractions. Probanthine, 15 mgm three times a day, is suitable for a young child 
with day frequency. All these drugs are best used in combination with the training 
regime, and two may be used consecutively. 

In the nervous frightened child sedation may be more useful than stimulation, 
and phenobarbitone is valuable as an adjunct to the environment al adjustment 
which is clearly essential. 

Posterior pituitary extract (e.g. "Disipidin" snuff 100 mgm nightly) may be 
used to reduce the nocturnal flow of urine with effect in some enuretics (MARSON). 
The effect on renal secretion is comparatively short lived however and doubtless 
the drug, like other forms of treatment, depends for its success on the element of 
suggestion. 

The spontaneous improvement observed at puberty, possibly associated with 
the development of thc prostate, has suggested the use of hormone therapy to 
bring about the same effect prematurely. Androgens and pituitary gonadotropins 
have been employed and success claimed in both boys and girls, but most paedia­
tricians find hormones are no more effective than less dangerous drugs. 

3. Surgical treatment 
Cases which have resisted training and medical treatment, and which have 

no obvious psychological complications should be subjected to a complete uro-
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logical investigation: this may be undertaken earlier in those where abdominal 
pain, a history of past infection, or dysuria suggest that some organic lesion may 
be present, and it is better postponed in the case of uncomplicated nocturnal 
enuresis untiI other methods have been given an exhaustive trial. The findings of 
this investigation, together with the bias of the urologist, will natural1y determine 
the treatment given and no universal1y applicable ruIes can be formulated. The 
lesion discovered may have no obvious connection with the enuresis, and must 
simply be treated on its own merits; meatal stenosis, urethral polyps, and mild 
degrees of bladder neck obstruction may be treated by dilatation or endoscopic 
diathermy. Plication operations on the female urethra, or on the bulb in the male 
should be reserved for older children in whom there is definite evidence of sphincter 
weakness. 

G. The neurogenie hladder 
The neurologieallesions responsible far disorders of the bladder are as various 

in childhood as they are in adult life; tumours, traumatic lesions and inflammatory 
disease al1 play their part. By far the greatest number of cases, however, are due 
to congenital spinal cord lesions which are the main topic of this chapter. 

I. Congenital spinal cord lesions 

The neurogenic bladder is but one aspect of the difficult problem posed by 
spina bifida in its various farms, and the urologist must of necessity col1aborate 
with those of his col1eagues whose interest lies in the treatment of the spinal 
defect and the limb deformities, while the management of the older children 
involves a consideration of the forms of schooling best adapted to their capabilities, 
and of the emotional problems which all too often arise in the severely handicapped. 
However, the control of incontinence is the most important single factor in 
fitting these children for a useful existence, and renal failure is the most serious 
threat to the life oi those who have survived the early hazards of meningitis 
and hydrocephalus. 

1. The spinal defect 
It is reasonably safe to assume that congenital lesions of the spinal cord 

likely to cause bladder disturbance are always associated with some malformation 
of the vertebral column, but the converse is very far from true, and there is very 
little correlation between the severity of the bony deformity and the nerve 
lesion. The various manifestations are best grouped according to the clinical 
and radiological features. 

a) Spina bifida cystica 
This term may be used to include all those common and obvious defects in 

the vertebral laminae in which a cystic swelling appears on the surface. In a 
few cases there may be a simple meningocele involving only the spinal membranes, 
but these are of little interest to the urologist; the great majority, particularly 
those in the lumbar and sacral regions are either myelomeningoceles, in which 
the spinal cord and nerve roots are applied to the walls of the sac, or myeloceles 
in which the cord is itself exposed and presents an ulcerated surface at birth, 
though it may later be co me epitheIialized. In al1 cases the cord is bound down 
to the level of the defect, and cannot undergo the shortening normal1y shown in 
later foetal life. While most cases of spina bifida cystica are diagnosed without 
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difficulty, it must be recalled that in the sacral region myelomeningoceles may be 
eccentric and deeplyplaced in the buttock, and on very rare occasions they 
areanterior and palpable only on pelvic examination. 

b) Spina bifida occuIta 
In these cases there is a failure of fusion of the laminae of the vertebra, but 

no protrusion of the meninges. The gap in the bone is filled by a fibro-fatty pad 
and the overlying skin is often thickened, hairy, and naevoid. The cord is bound 
down to the level of the lesion and commonly exhibits some form of myelo­
dysplasia: it may be split into two separate parts (diastematomyelia) or the 
central canal may be greatly distended (hydromyelia). It must always be emphasi­
zed that spina bifida of the lower lumbar and upper sacral vertebrae occurs very 
commonly without myelodysplasia and KARLIN found this purely radiological 
evidence of deformity in 54 % of normal children who were suffering from no 
disorder of micturition. Moreover, despite conflicting opinions it seems that this 
lesion is not a cause of enuresis in cases where there is no other evidence of nerve 
damage (see p. 124). 

c) Other bony deformities 
Myelodysplasia may accompany manY other types of vertebral malformation 

in the lumbar and sacral area, and although these cases form a small proportion 
of the total number of congenital spinal cord lesions they are of considerable 
importance to the urologist, since the bladder disturbance is commonly their 
chief manifestation and since there is little external indication of the bony defor­
mity, which is therefore apt to be overlooked. 

In sacral agenesis the entire sacrum or its lower elements are absent. Although 
in severe cases the iliac bones approach one another closely in the posterior mid­
line there is very little orthopaedic disturbance and the deformity may be 
overlooked unless the sacral area is deliberately palpated (Fig. 85). Some degree 
of sacral agenesis is common in cases of imperforate anus, and where two or 
more sacral elements are missing some neurological disturbance of bladder 
function is to be anticipated, but in cases with the anal deformity a short sacrum 
often accompanies six lumb ar vertebrae, and in that event no interference with 
the cauda equina will occur (WILLIAMS and NIXON). Partial agenesis mayaIso 
complicate hemi-vertebrae and complex malformations of the lumbo-sacral 
junction which defy concise description. 

Sacral "scoliosis", in which all the sacral elements are present, but are acutely 
deflected to one side, is another typical malformation, and one which in my 
experience has been particularly associated with a late onset of neQrological distur­
bance. In these deformities the conus is not necessarily bound down to the site 
of the lesion as it is in spina bifida, but fibro-fatty masses of tissue occur in that 
region and myelodysplasia affects the cord above. 

2. Neurological and orthopaedic signs 

A considerable, but unknown proportion of cases of spina bifida cystica 
suffer from a complete flaccid paraplegia: many of these receive no treatment 
and die within the first weeks or months of life. Often spina bifida accompanies 
other deformities such as ectopia cloacae which are incompatible with survival. 
Hydrocephalus, present at birth or developing within the first year is responsible 
for the death of another considerable group. The cases which present for urological 
treatment have usually lesser degrees of paralysis though an increasing number of 
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paraplegics are by the use of antibiotics brought through the dangers of infection. 
In many of the latter group, as CARR has emphasized, the proximal muscles of 
the lower limbs are sometimes active, and if contractual deformities can be 
prevented ambulation is possible with the assistance of walking calipers. Talipes 

85. Sacral agenesis with neurogenic bladder. Intravenous pyelogram in a girl of 5 years. The sacrum is 
represented by one small element only 

equino-varus and pes cavus are the most common of the minor deformities and 
provided they are treated early they need not present a serious handicap. Con­
genital dislocation of the hip is an additional complication in some children. It 
must be emphasized that many cases with paralytic foot deformities exhibit no 
disturbance of bladder function. 

Anaesthesia of the skin naturally accompanies the motor disorder, and when 
the foot is involved trophic ulceration is often severe, leading to bone damage. 
Ulceration of the buttocks and perineum, resulting from pressure and continual 
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wetness are also troublesome. Loss of sensation in the perineum is almost always 
present in any case in which the bladder is involved, but there are a few of the 
lower sacral deformities which are exceptions to this rule, and sensation is preser­
ved in the the skin while it is lost in the bladder. 

Absence of rectal sensation and paralysis of the anal musculature is usual. 
The anus may be patulous, though in less severe cases the sphincter is closed at 
rest but contracts very slowly after dilatation. Faeces accumulate in huge masses 
in the insensitive bowel causing overflow incontinence. As will be seen later, good 
management may lead to functional continence, even in the paralysed rectum, 
and obstinate constipation may be the only sign of the bowel disorder. 

3. The bladder dysfunction 
a) The natural history 

Since the deformity responsible commonly affects the lower end of the vertebral 
column either the conus or the cauda equina is involved and the bladder distur­
bance is therefore of the lower motor neurone type, but some forms of myelo­
dysplasia extend upwards from the bony defect, and when the bladder centres 
in the conus escape complete destruction there may be evidence of an upper 
motor neurone type of dysfunction. Apart from this generalization it is very 
difficult to find any correlation at all between the site or type of the spinaliesion 
and the bladder reaction. Various classifications have been proposed, though 
none of them is completely satisfactory. MCCARROL made a careful cystometro­
graphie study and classified cases according to the spasticity or atonicity of the 
bladder museie and sphincter, and in general most authors distinguish between 
cases in which the obstructive factor is great and those in which it is small. The 
present writer, reviewing 65 cases of neurogenie bladder due to congenital spinal 
cord lesions, found it convenient to describe three types, and emphasized that 
there was little tendency for a case to pass from one type to another. 

ot) The first type of bladder to be recognized is flaccid, thin walled, without 
trabeculation and lacking any sensation of fullness. Post-mortem observations 
on infants dying of other causes show that this type is peculiarly characteristic 
of the severe myelomeningocele: in the lack of hypertrophy it contrasts with 
the usual autonomous bladder resulting from traumatic injuries, in which detrusor 
hypertrophy is often supposed to result from the activity of the intrinsic nervous 
elements. 

In many examples of this type the urethral resistance is very low and the 
urine dribbles out as soon as it enters the bladder, which is therefore never 
distended. Still cysto-urethrograms in such children have a surprisingly normal 
appearance (Fig. 86). When the resistance is a little greater, the bladder has a 
larger capacity and is expressible, but there is no trabeculation, the bladder neck 
is flaccid, and the upper urinary tract is normal. There may be a residuum in 
the bladder after expression which will cause a dribbling incontinence, but a few 
fortunate children establish a balance between the powers of expression and the 
urethral resistance so that by periodic emptying of the bladder they can remain 
dry. This is an accomplishment which requires intelligence and practice, and is 
seldom achieved until 8 or 9 years of age. The balance will be upset by an attack 
of cystitis, or by a large accumulation of faeces in the rectum. 

Some of the children with this type of bladder suffer attacks of acute retention 
in which no urine can be passed at all, the bladder be comes tensely distended and 
causes severe colicky pain. This pain, which is presumably mediated by sympathe­
tic nerve fibres, is not recognized as arising from the bladder, but coincides with 
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hardening of the tumour. Such attacks are precipitated by any type of operation, 
whether on the spinal cord, the urinary tract or the limbs, but sometimes come on 
for no apparent reason. 

ß) Clinically somewhat similar to the first group, but cystoscopically very 
different are the expressible bladders which show weIl marked trabeculation, 
sacculation and a dilated posterior urethra (Fig. 87), often with prominence of 

Fig. 86. Neurogenie bladder due to sacral myelomeningocele. Expression cystogram in a boy of 3 years. 
The blarlder has a smooth wall, and the urethrographic outline is not grossly abnormal 

the bladder neck as a strong hypertrophied bar. FIST ER has reported a case in 
which the bladder neck became fibrotic and calcified. The sacculations may at 
times reach the dimensions of diverticula, and be separately palpable, but provided 
the urine is sterile, complete expression without residual urine is often possible. 
The upper urinary tract may still be normal or show a slight dilatation. These 
trabeculated bladders are also subject to attacks of acute retention, and they are 
a good deal more liable to urinary infection. When infection is present, the urine 
dribbles continuously, sometimes from a large residuum, sometimes from a small 
spastic bladder. 

At tim es the trabeculated bladder is associated with severe upper urinary 
tract dilatation; in cases with gross hydro-ureter, it appears that the dilatation 
has been present from a very early age and probably develops before birth 
(Fig. 88) . Reflux is common in such cases, but it is unlikely that it is the cause 

9* 
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of the dilatation, since unilateral reflux is often seen in the presence of bilateral 
hydro-ureter (Fig. 89). It can be seen in eine films that these big ureters are 
unusually rigid and exhibit a striking contrast with the idiopathic megaureters 
in their lack of movement. Calculus formation is a complication in these cases. 
With such poor drainage of the upper urinary tract, infection is very liable to 
occur, and there is a progressive deterioration of renal function. The fact that the 

Fig.87. Neurogenie bladder due to sacral myelo-meningocele. Expression cystogram in a boy aged 3 years. 
The bladder is severely trabeculated and sacculated, and the upper urethra is dilated. There was little residual 

urine after expressIOn, and by this means he could be kept dry 

kidneys are failing does not, however, affect the degree of continence: all expressi­
ble bladders can at times be controlled, and perfect control can be associated 
with a steadily rising blood urea. It might be supposed that where vesico-ureteric 
reflux is present, manual expression of · the bladder contents would inevitably 
lead to further ureteric dilatation: fortunately this does not appear to be the case, 
and this method of management need not be discontinued on these grounds 
(PRINCE and SCARDINO). 

y) One other form of bladder dysfunction occurs, the type in which some 
sensation of bladder fullness is present, but as in some cases of disseminated 
sclerosis, micturition is frequent, urgent and often uncontrollable. Whereas the 
cases previously discussed may dribble urine in between expressions, these last 
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children will often be incontinent of a large amount of urine at one time, though 
they never reach the stage of the true automatie bladder. Some residual urine 
is the rule, the bladder is usually trabeculated and the urethra dilated in the 
funnel-neck deformity. The upper urinary tract may not be seriously affected. 
Cystometrograms show a sharply rising curve with desire to void at quite low 
volumes. Continence may be 
achieved in these cases by re­
gular timed micturition, so 
that the urgent desire does 
not occur. 

Two further features ofthe 
natural history must be con­
sidered: the tendency towards 
spontaneous improvement, 
and the occasional deterio­
ration. A number of children 
will by themselves leam to 
control their incontinence by 
frequent micturition as the 
importance of avoiding the 
embarrassment of wetness is 
appreciated, and they will 
become dry by the age of pu­
berty: this number can be 
greatly increased by proper 
instruction, and the improve­
ment is due to good manage­
ment rather than to any 
change in the nervous lesion. 
By contrast an actual wor­
sening of the neurological signs 
is observed, though much less 
often, in cases of spina bifida 
occuIta or other bony defor­
mities without, meningocele, 
and may lead to a loss of con­
trol in a previously "normal " 
child; this event mayaiso 
occur at about the age of pu­
berty, but may be observed 
many years later. It has been 
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F ig. 88. Neurogenie bladder. Post-mortem speeimen oi the urinary 
tract of a boy dying at age of 4 mouths. There was a saeral meuin­
gomyelocele, and a characteristic expressible bladder. Specimen 
shows the hypertrophy of the detrusor and oi bladder neck with 

bilateral hydronephrosis 

attributed to increasing tension on the bands which tether the conus to the site 
of the vertebral deformity with growth in stature, but in the author's experience 
has on several occasions occurred after growth has ceased. The on set of a urinary 
infection is a more frequent cause of loss of urinary control in mildly affected 
neurogenie bladders, but is not of course associated with a change in the other 
neurological signs. 

b) Diagnosis 
In the great majority of cases the combination of urinary incontinence with 

spina bifida cystica leaves little doubt as to the presence of a neurogenie bladder; 
some bony deformity is to be expected in every case but difficuIty may arise in the 
lesser lesions and in those who have no other indications of a cord lesion such 
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as a flaccid anal sphincter or perineal anaesthesia. The differentiation from 
other causes of chronic retention can be made from the ease of expression in the 
case of the neurogenic bladder: emptying by manual pressure can very seldom 
be demonstrated in cases of mechanical obstruction except under anaesthesia, 
whereas the neurogenic bladder is nearly always partly or completelyexpressible. 

Fig.89. Neurogenic bladder due to sacral agenesis. Reflux pyelogram in 
girl aged 2 years. shows a grossly dilated ureter and hydronephrosis on 
the left side. The ureter on the right side was also dilated, but no reflux 
waspresent. Blood urea was raiscd to 115mgm.- %. eine films show 

Urinary infection, however, 
or faecal accumulation may 
temporarily suppress this 
phenomenon. 

Where there is no reten­
tion, the differentiation has 
usually to be made from 
the simple" enuretic " type 
of diurnal incontinence and 
the failure of the neuro­
genic case to respond to a 
course of regular and timed 
micturition, together with 
the absence of proper sen­
sation of bladder distension 
is one of the most reliable 
indications. These clinical 
features are of greater im­
portance than the cysto­
scopic or urethrographic 
findings, which as already 
pointed out are very vari­
able. The characteristic 
type of urethral dilatation 
is shown in Fig. 87; it will 
be seen that the narrowing 
below the dilated segment 
takes place abont the level 
of the verumontanum, and 
not as in most cases of 
urethral valves at the level 
of the perineal membrane. 

the ureter to be incapable of contraction Where the bladder dys­
function suggests a neuro­

logical lesion, but the vertebral column is radiologically normal an acquired 
lesion should be suspected and myelograms will assist in the diagnosis. 

c) Treatment 
cx) Treatment of the spinal cord lesion 

This aspect is outside the scope of the present work, but there are certain 
facts of importance to be noted. The surgical treatment of spina bifida cystica 
may be desirable for a variety of reasons, but it does not lead to any improvement 
in the condition of the bladder; it is, in fact, more liable to lead to a deterioration, 
temporary or permanent, since some nerve tissue in the lining of the sac may 
be destroyed. There are many tragic cases of children who had normal control 
until an operation was undertaken for cosmetic improvement of the unsightly 
swelling on the back, and who were thereafter completely incontinent. 
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In spina bifida occulta and other bony deformities without meningocele there 
is a somewhat greater chance of improvement from laminectomy and the freeing 
of tethering bands, but whereas a number of reports have viewed this proceeding 
with favour (e.g. MERTZ), in other centres results have been disappointing, and 
the procedure has been virtually abandoned. Recent deterioration of the bladder 
condition and of other neurological signs, and particularly the onset of the disorder 
around puberty, are good indications for neuro-surgical intervention. 

~) General management 01 tbe bladder disorder 

Almost all cases in their early years, and some cases throughout life should 
be managed conservatively, and a fair proportion of good results may be expected. 
This aspect has been emphasized by MCCARROL, by PRINCE and SCARDINO, and 
by the present writer, who found that almost one third of his cases were able to 
achieve sufficient control after the age of 9 years to manage without appliances. 
The aim is to empty the bladder completely at regular intervals by expression, 
so that the dribbling incontinence is reduced to a minimum. In the very young 
this expression must be performed manually by the mother, but soon the child 
willlearn to do it hirnself, either with his hands or his diaphragm and abdominal 
muscles. 

Regular expression will fail to rectify the incontinence if the urethral resistance 
is very low, so that the bladder is never distended, or if the resistance is high and 
a residual remains after the act. The girls with low urethral resistance will almost 
certainly require surgical interference in the form of a supportive operation or 
a diversion of urine (see below), the boys may be able to manage with a penile 
urinal; in neither case is there a danger of hydronephrosis or renal failure. When 
the urethral resistance is high, it may often be lowered by keeping the rectum 
empty. The presence of a large accumulation of faeces in the bowel is always 
a handicap to these children, and must be prevented in order to achieve both 
rectal and urinary control. Regular bowel actions may sometimes be obtained 
by the use of aperients, but often enemata are required perhaps as often as twice 
or three times per week. If the anal sphincter is too flaccid to allow retention 
of the enema fluid, digital assistance in defaecation may be more effective. 
Complete expression mayaIso be handicapped by urinary infection and continuous 
chemotherapy is at times necessary to prevent recurrent attacks. 

When after a fair trial of simple measures, there is still a large residuum in 
the bladder after expression, operations designed to lower the urethral resistance 
may be undertaken: these are discussed below. Should these procedures fail, 
a progressive dilatation of the upper urinary tract will often indicate the need 
for a diversion of the urine from the bladder or from the ureters. 

y) Operations designed to increase the urethral resistance 

These procedures have usually been employed in girls, and have on the whole 
met with very little success. SMITH and ENGEL and later PICKRELL et al. report 
the use of gracilis transplants, GODARD tried the Goebell-Stoeckell operation 
which brings down the pyramidalis museIes, EMMETT and HELMHOLZ have 
plicated the urethra (at the same time resecting the bladder neck). All these 
operations undertaken in the anaesthetic area are liable to break down, and it 
is very difficult to adjust the tightness of the urethra to the powers of expression; 
nevertheless, they have a place in the treatment of children who suffer only a 
slight degree of incontinence between expressions. SWENSON et al. have recently 
described an operation for more severe cases of this type, in which the urethra 
is surrounded by an inflatable rubber cuff, lying in a skin-lined pocket. 
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5) Operations designed to lower the urethral resistance 

Bladder neck resection, best performed by the transurethral route, has had 
a considerable vogue in the treatment of the neurogenic bladder, and its use in 
children has been discussed by EMMETT and HELMHOLZ, and THOMPSON and 
JACOBSON. In my view it has a limited place in treatment and is indicated chiefly 
in those boys who have trabeculated bladders with hypertrophied internal 
sphincters, in whom the bladder cannot be completely emptied by expression. 
In girls it is unlikely that this measure will assist in the achievement of continence, 
though it may occasionally be employed in babies where there is a considerable 
obstructive element. Simple urethral dilatations have been advocated by SMITH 
and ENGEL, but are now seldom practised. 

Presacral neurectomy is said to facilitate the expression of the bladder and 
successes have been reported from time to time, particularly by CREEVY. Section 
of the pudendal nerve has been used in traumatic paraplegia, but probably has 
little place in the congenital cases which are almost always lower motor neurone 
lesions. 

E) Operations lor the diversion 01 urine 

These procedures may be used to secure adequate drainage of a dilated urinary 
tract, or simply in order to control incontinence by substituting for the urethra 
a more convenient outlet for urine. In the first case the timing of the operation 
will depend entirely on the progress of the disease; in the latter, interference 
should be postponed until it is certain that there is no hope of spontaneous 
improvement. 

The simplest of these methods is suprapubic cystostomy, and where there 
is a considerable volume of residual urine the immediate results are beneficial, 
but there are SeI·ious disadvantages in the long run. The bladder inevitably 
becomes infected and contracted around the tube, and despite free drainage from 
the bladder cavity, progressive ureteric dilatation is often seen; moreover, the 
fistula is difficult to maintain in a healthy state, and after some years leakage 
around the tube is likely. When suprapubic cystostomy is used simply for the 
control of incontinence in girls, it has the additional disadvantage that it is difficult 
to close off the urethra: simple ligature is never enough and even a carefully per­
formed section with suture of the cut end may break down in the presence of 
infection. 

An indwelling FOLEY catheter in the urethra is a measure which may be 
mentioned here: it may be a useful temporary expedient, but the likelihood 
of trophic changes in the urethra is so great that it should not be employed 
permanently. 

Uretero-sigmoidostomy is of little value in the congenital neurogenic bladder, 
as the anal sphincter is scarcely ever adequate to control the urine, even if faecal 
continence is good. Cutaneous ureterostomy may be useful, particularly where 
the ureters are dilated and elongated so that they are easily brought up to the 
surface; the opening may be made flush with the skin and the urine drained into 
an ileostomy bag or the ureter may be led up into the skin spout (ureter-penis, 
THIERMANN). Cutaneous ureterostomy involves less operative risk, but is in every 
other way inferior to transplantation of the ureters into an isolated ileal loop 
which drains freely into an ileostomy bag on the abdominal wall. Very satisfactory 
results may be obtained by this method, as has been reported by JENSEN et al., 
and NASH. The procedure appears to be equally suitable for the drainage of 
dilated ureters, or for the simple control of incontinence in girls, though the 
collecting apparatus is inconvenient in very young children. 
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~) Appliances lor the control 01 urethral incontinence 

No satisfactory portable urinal has yet been devised for the female, and where 
conservative management has failed, diversion to the isolated ilealloop is recom­
mended. In the male, a penile urinal may be fitted as soon as the penis has 
reached adequate proportions, and where there is no serious degree of urinary 
obstruction, this method is usually preferred to urinary diversion. A penile clip 
may be useful in cases where leakage is slight: a special clamp for children has 
been devised by CAMPBELL, but though a large number of patterns have been 
tried by the present writer, none has proved ideal. Application of a clip requires 
a circumcised penis. 

ß. Poliomyelitis 

Poliomyelitis is responsible for acute retention in 10-20% of cases during 
the first week; in all surviving cases the bladder will recover its function (CLARKE), 

and disorders of the urinary tract in this disease result chiefly from infection and 
from recumbency stone formation. It is often necessary to catheterize the child 
during the period of retention, but this should naturally be avoided if possible. 
LAWSON and GARVEY have emphasized the value of parasympathomimetic drugs 
in the treatment of temporary dysfunction. 

H. Non-fuberculous urinary infections 

I. Incidence 

Urinary infections and their consequences constitute a very large proportion 
of the urological problems of childhood, and although modern drugs have given 
us an effective weapon against the acute invasions, the slow deterioration of renal 
function which results from a chronic inflammatory process is still a common 
cause of death in urinary disease. The urological surgeon is largely pre-occupied 
with infections complicating congenital anomalies or calculous disease, and the 
importance of these factors is repeatedly emphasized throughout this volume, 
yet spontaneous infection of the anatomically normal urinary tract is a common 
disorder of childhood. Prompt recognition and early medical treatment of such 
infection will cut short a disease which often leads to renal failure and hyper­
tension in early adult life. 

It is impossible to give any estimate of the overall incidence of urinary 
infections; CAMPBELL reports from New York that they accounted for 0.8% of 
all children's hospital admissions at his centre, but doubtless statistics would 
vary considerably from one community to another. Infants in the first year of 
life are more frequently affected than older children, and at this stage boys are 
involved almost as often as girls, perhaps even more often in the neonatal period. 
In later childhood, however, girls are the chief sufferers, and infection in a boy 
is likely to indicate some more serious disorder of the urinary tract. 

A seasonal variation was at one time suspected, the incidence rising with the 
prevalence of gastro-enteritis, but at present there is little evidence of this in 
England where epidemie gastro-enteritis is now uncommon. Infections are not 
passed directly from one child to another, except perhaps in hospital, where ward 
epidemics commonly affect only those children who have indwelling catheters 
and drainage tubes. 
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11. Bacteriology and mode of infection 

The organisms most frequently encountered are those included in the group 
Escherischia coli, named after the German physician whose work first impressed 
upon the medical world the importance of urinary infections in children. There 
are, of course, many strains within this group, and in some cases a more precise 
identification may be required: from the clinical standpoint, it is the sensitivity 
of the organism to drugs which is of most importance, and this information should 
be supplied by the laboratory as a routine. Of the other Gram-negative bacilli, 
Aerobacter aerogenes is a relatively common invader; Proteus vulgaris is par­
ticularly frequent in cases of stone formation, but is also regrettably prevalent 
where an indwelling catheter has been employed. Pseudomonas pyocyanea is 
another organism more often responsible for secondary than for primary infections. 
Typhoid, paratyphoid and the dysentery bacilli are occasionally found. Almost 
all these bacilli are capable, at times, of splitting the urinary urea and producing 
a strongly alkaline urine which particularly favours the deposition of phosphatic 
stones. Where the urinary tract is undamaged, however, sterilization of the urine 
can almost always be achieved with or without the aid of antibiotics: the 
difficuIties in the treatment of Proteus and Pseudomonas infections lie not only 
in their resistance to drugs but in the abnormalities of the urinary tract with 
which they are so often associated. 

Since E. coli and many of the other infecting organisms are normal inhabitants 
of the large bowel, it is natural to suppose that the intestinal contents are the 
sour ce of the urinary infection. Although a direct lymphatic communication 
between the bowel and the kidney was at one time suggested as the mode of entry, 
this hypothesis has received little support from anatomical or pathological 
evidence, and many authors believe that faecal contamination of the external 
urinary meatus is the most important factor. In infants of the "napkin" age 
such contamination is easily and frequently observed, particularly in the female, 
but it remains impossible to prove any causal relationship to urinary infection. 
A great deal of discussion has centred around the possibility of ascending infection 
but a full rehearsal of the arguments employed would be out of place in this volume 
and the works of HELMHOLZ should be consulted. Most urologists are of the opinion 
that organisms can sometimes ascend from the urethra to the kidney, either via 
the peri-ureteral lymphatics (WINSBURY-WHITE), or in the urine itself, since 
inflammation in the bladder may render the uretero-vesical valve incompetent 
and allow reflux. On the other hand, the fever which sometimes follows instru­
mentation appears to be due to release of organisms into the blood stream from 
the traumatized area, and a subsequent pyelonephritis might therefore be due 
to blood borne infection. At all events, in experimental infections, the effect 
upon the kidney is practically identical in both ascending and haematogenous 
infections (KENNEDY) and elucidation of the exact mode of entry of organisms 
reaching the kidney has little importance to the clinician. 

Urinary infections are also due to the Gram-positive cocci: Staphylococcus 
albus and aureus are both organisms that are pathogenic in the urinary tract, 
and the latter is particularly likely to be responsible for pyaemic infections of the 
kidney in cases of osteomyelitis and skin or umbilical sepsis. Both streptococci 
and staphylococci may be released into the blood stream from infective foci 
in the throat or sinuses during surgical manipulations and may then initiate a 
pyelonephritis. DE NAVASQUEZ has argued from experimental evidence in the 
rabbit that blood borne staphylococcal invasion is often the primary cause of 
the pyelonephritic lesion and that the damage produced predisposes to the E. coli 
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and other infections more commonly found in clinical practice. Strept. faecalis 
is quite frequently isolated from infected urine and its mode of entry is doubtless 
similar to that of the E. coli group. 

111. Acute urinary infections 

1. Pathology 
a) Acute pyelonephritis 

A simple urinary infection which responds readily to medical treatment is 
often described as "pyelitis". It has long been established, however, by the work 
of CHOWN, HELMHOLZ, and 
WILSON and SCHLOSS, that 
an inflammatory process 
confined to the renal pel­
vis is exceptionally rare ; 
the lesions almost always 
involve the renal parenchy­
ma and the term pyelo­
nephritis is to be preferred. 
Clinically it may even be 
prefera ble to speak of pyuria 
and to avoid any attempt 
at localization of the infec­
tion, but there is no doubt 
that, although other forms 
of acute infection may oc­
cur, pyelonephritis is much 
the most common inflam­
matory lesion of the kidney, 
either as the only lesion or 
as a complication of other 
disorders of the urinary 
tract such as hydronephro­
sis or stone. 

In acute pyelonephritis 
the kidneyis usuallyslightly 
or moderately enlarged. 

Fig. 90. Acute pyelonephritis complica t ing a dilated upper urinary 
tract associated with neurogenie bladder. Post-mortem specimen for 

a girl aged 2 years 

The subcapsular surface is smooth, often congested and may show some yellow 
abscesses. On the cut surface the pelvic mucosa is seen to be oedematous and 
reddened and is often covered with an exudate. The parenchyma is swollen and 
irregularly congested, with radially arranged yellow streaks running from the 
subcapsular surface to the calyces (Fig.90). Microscopically, the tubules and 
interstitial tissues contain pus cells and there are leucocytes in the periglomerular 
lymphatics, and occasionally in the glomeruli as weIl. Rarely necrosis of the 
capillary loops can be seen: the alterative glomerulitis of KIMMELSTIEL and 
WILSON. All stages of tubular damage are found from cloudy swelling to complete 
destruction of the epithelium. Not infrequently there is disruption of the affected 
tubules with the formation of an abscess. Vascular thrombi are frequent . 

Pyelonephritis in the new-born infant has been discussed by PORTER and 
GILES. In their cases, although the typical tubular lesions were present, there 
were also weIl marked glomerular changes, with the formation of epithelial 
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crescents. Microdissection studies showed that anomalous nephrons were present, 
the proximal tubules being short, straight and dilated, and in the opinion of the 
authors these anomalies predisposed to infection. CL.A1REAUX and PEARSON 

have reported a case of an infant dying at 10 hours, whose kidneys were histologi­
cally similar to those described by PORTER and GILES, and were also regarded as 
pyelonephritic, but as there was no evidence of an ante-natal infection of the 
foetus, a hypersensitivity reaction was postulated as the cause. 

b) Infected hydronephrosis and pyonephrosis 

When an acute infection supervenes in a case of congenital lower urillary 
obstruction in an infant, pyelonephritis may progress to a diffuse suppuration, 

Fig. 91. Pyonephrosis. Operative specimen from a girl aged six months suffering from a persistent E. coli and 
Proteus urinary infection. Straight X-rays showed a faint opacity in the left renal area, there was no function in 
in the Jett kidney on intra-venous pyelograms. The specimen shows an extensive snppnrative nephritis with 

a large clot of congealed pus fiIIing the pelvis. Uninterrupted recovery, foIIowing nephrectomy 

similar to the "surgical kidney" of the elderly prostatic. There is anuria with 
rapid destruction of the renal substance. Infection in the dilated urinary passages 
leads to the formation of large quantities of mucopus and considerable oedema 
of the ureteric mucosa. 

The term pyonephrosis may indicate an advanced suppurative condition 
resulting from the coalescence of pyaemic abscesses (Fig.97), but is perhaps 
better used to describe the condition in which the renal pelvis and calyces become 
filled with a clot of thick coagulated pus (Fig. 91). This latter phenomenon is 
not the usual outcome of an infected hydronephrosis, though it may be seen in 
cases of calculous obstruction of very long standing (Fig. 107). It is a chronic 
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process in the usual unilateral cases, and it seems likely that it occurs when an 
acute infection is partially checked by chemotherapy. The parenchyma shows 
advanced pyelonephritic changes, with some perinephric inflammation, and 
usually with considerable enlargement of the hilar lymph nodes. 

2. Clinical features 

a) In the neonate 
Pyelonephritis is not so common during the first two or three weeks as in 

later infancy, and as already remarked, may show some unusual features in its 
pathology. During the first few days of life, normal urine may contain some 
albumin, red cells and casts, and these should not be regarded as evidence of 
infection unless accompanied by numerous pus cells. C~AIG found that the onset 
was often insidious in the neonate: oliguria and anuria occurred with some oedema 
in severe cases. The temperature is intermittently raised to high levels, but in 
very sick infants it may be persistently subnormal. Vomiting, diarrhoea, and 
dehydration are frequent. Jaundice may be the presenting feature in this as in 
other neonatal infections. 

The kidneys may be normally palpable in the newborn and in infection some 
enlargement and hardening may be discernible. In other respects neonatal 
infections are similar to those in infants who have passed their first weeks and 
are discussed in the following section. 

b) In the infant 
An upper respiratory infection, or an attack of gastro-enteritis may occasionally 

precede the urinary tract disorder, but usually no such history is obtainable. In 
some the onset is abrupt with a high swinging temperature, rigors and acute 
toxaemia; in others it is gradual, the child having been off colour for some time 
before he is brought to the doctor. Disorders of micturition are seldom prominent 
and are in any case apt to be concealed by the use of napkins, but the child may 
cry while passing urine. Vomiting is almost always a feature and intestinal 
disorders are frequent, constipation being at least as common as diarrhoea. 
The abdomen is often distended, and at times the infant appears to have some 
abdominal pain. He is reluctant to take milk or solid food, though he may drink 
water thirstily. Dehydration is often present and may be severe. In very acute 
cases there are fits, or perhaps signs of meningeal irritation, though a spinal tap 
will give clear fluid. 

The diagnosis is made on examination of the urine and, in view of the vague 
nature of the symptoms, it is clear that the urine must be examined as a routine 
in all infants with pyrexia, or intestinal disorders. A clean specimen is adequate 
in the case of a boy (p.3) but a catheter must passed in the girls if an accurate 
assessment is to be made. The urine shows an excess of pus cells (more than 2 or 
3 per high power field) and the cells usually gather in clumps. MASTERS and 
STANSFIELD have entered a plea for a more accurate estimation of the number 
of white cells in the urine and advocate the use of a counting chamber as for 
blood: both authors would regard a count of 50 cellsjml as abnormal and be 
prepared to make the diagnosis of pyelonephritis on this alone, without bac­
teriological confirmation. It must be remembered, however, that afebrile and 
dehydrated infant will always produce a slight excess of pus cells in the urine, 
and it is wise to allow some elasticity in the criteria of diagnosis : the renal tubular 
disorders, such as infantile hyperchloraemic acidosis, are usually accompanied 
by some pyuria, even though there is no evidence of pyelonephritis. 
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In true urinary infections, the amount of pus may vary considerably from 
one specimen to another, and during the first two or three days of the pyrexia 
the urine may contain numerous bacteria but no cells. Urine culture should 
always be made to confirm the nature of the organism involved. Blood cultures 
are positive only in very severe cases. 

The dehydrated infant with urinary infection will have a somewhat raised 
blood urea, up to 80 to 100 mgm/100 ml even if no other abnormality is present 
in the urinary tract. Some degree of acidosis is always likely. 

c) In the older child 
In the later years of childhood, urinary infections are less severe, and produce 

symptoms which usually indicate their presence. High temperatures and rigors 
are common, frequency and urgency of micturition with scalding pain are typi­
cal complaints. Sometimes there is considerable renal pain, unilateral or bilateral, 
or pain may be ill-Iocalized in the abdomen and give rise to the suspicion of 
appendicitis. On ce more the urine will be found to contain pus ceHs, red cells, 
albumin and a few casts. 

In milder cases, the temperature is little raised, and particularly in girls it 
may be that a simple cystitis is present without involvement of the upper urinary 
tract. If in these mild attacks the urine specimen is not obtained immediately, 
diagnosis may be difficult, for many children have slight dysuria with oliguria 
during upper respiratory infections, and in girls a simple vulvitis can often lead 
to pain on micturition, although the urine is normal. 

d) Complicated cases 
The natural course of an acute urinary infection is towards recovery after one 

or two weeks, though some symptomless pyuria may persist for much longer, and 
indicate the onset of a chronic pyelonephritis. In the occasional case, however, 
there is no immediate response to treatment, and the child's condition deteriorates. 
This is particularly likely to occur where there is a urinary obstruction, most often 
in the lower urinary tract; the bladder be comes palpably distended, the kidneys 
enlarged and tender. Haematuria and the passage of mucopus may be observed, 
and there is a severe rise of blood urea. With modern antibiotics, even these 
cases can be temporarily sterilized, but unless free drainage is soon re-established, 
a fatal oliguria may supervene. Where an upper urinary tract anomaly or a 
stone is the cause of peristent pyrexia, the unilateral nature of the disorder can 
usually be appreciated on abdominal palpation and the danger to life is not so 
great. 

3. Management 

The treatment of an uncomplicated acute urinary infection consists primarily 
in appropriate chemotherapy, and in the older child little else is required. In 
infants correction of dehydration and acidosis may be urgent, and when a compli­
cating urinary obstruction is present, surgical measures may be needed to secure 
adequate drainage. The great majority of infections acquired outside hospital 
respond to sulphonamides, and one of these drugs should be started as soon as the 
diagnosis of pyuria is made from examination of the urine. A wide variety of 
sulphonamides is available and tablets containing a mixture of drugs have had 
a certain popularity. In spite of much theoretical argument, there does not 
appear to be any reliable evidence that a mixture of sulphonamides is superior 
to a single drug which is readily soluble, and my own preference is to employ 
Gantri;;ill (Sulphafurazole 0.2-0.4 gm/Kilo/day, for a small infant, half this dose 
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for larger children, and never more than 8 gm a day). This can be given in tablet 
form or as a suspension in syrup; it is readily soluble in the urine, no alkalis are 
required and it has a wide range of action. Sulphacetamide and sulphadimidine 
are also suitable drugs which can be given in the same dosage. In many cases the 
urine will clear within two or three days of commencing this treatment, but the 
full dosage should be maintained for a week, and in infants it is probably wise to 
continue treatment with half doses for another 3 or 4 weeks to ensure full reso­
lution. The urine should be checked microscopically at the end of the course, 
and again a month later. 

Failure to respond to sulphonamide may be due to the presence of an insensitive 
organism, or to a complicating abnormality in the urinary tract. The nature of 
the infection and its susceptibility to antibiotics should be determined by culture 
and treatment altered accordingly. Penicillin (10,000 unitsJKiloJday) is useful 
only in the coccal infections, which form a minority: when indicated for urinary 
tract disorders parenteral administration is much preferred to oral treatment. 
Streptomycin (40 mgmjKilojday by intramuscular injection in two doses) is 
active against many of the Gram-negative bacilli; the course should not be 
continued for more than three or four days, as resistance to the drug is rapidly 
acquired and toxic effects may complicate prolonged treatment. Aureomycin, 
Tetracyclin (10-20 mgmjKilojday) and Terramycin (20-40 mgmJKilojday) 
are given orally and are valuable but apt to be complicated by diarrhoea. Chloro­
mycetin (50 mgmjKilojday) is put up in a convenient liquid form for children, 
and provided only short courses are given the danger of aplastic anaemia appears 
to be remote. Erythromycin (30 mgmjKilojday) is probably best held in reserve 
and used only where no other drugs are likely to be active. 

Mandelates have little place in acute infections, though they may be useful 
in chronic cases with resistant organisms. Mandelamine (MENLEY and JAMES, 
tabs i-ii t.d.s.) is a convenient compound of mandelic acid and hexamine, and 
may be administered for long periods without danger of complication. 

Nitrofurantin (5 mgmjkilojday) is sometimes of value where the antibiotics 
are ineffective. 

In many cases antibiotic treatment will sterilize the urine even in the presence 
of obstruction but continuing pyrexia, or rising blood urea will indicate the 
urgent need for surgery. In cases of lower urinary obstruction, the bladder will 
be palpäbly distended, and micturition reduced to a dribble. No attempt at a 
fuIl anatomical diagnosis should be made at this stage; the urinary tract should 
be drained by bilateral pyelostomy in infants, or by suprapubic cystostomy in 
older children. A simple indwelling urethral catheter is very seldom adequate, 
and in the very young becomes easily blocked. Once a free flow of urine is obtained, 
the infection is easily brought under control, and subsequent investigation and 
treatment should foIlow the lines suggested in section E. 

Upper tract obstructions and calculi are also causes of continued infection, 
but are usually unilateral and so interfere less with total renal function. Radiolo­
gical studies are therefore possible in most of these cases, and often nephrectomy 
or heminephrectomy is the appropriate treatment. 

IV. Chronic and recurrent urinary infection 

A simple acute urinary infection responds rapidly to treatment, and if pyuria 
persists or recurs after the acute symptoms have subsided, a full urological investi­
gation should be undertaken as it is likely that some underlying abnormality 
will be found. In ideal circumstances it might be desirable to have an intravenous 
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pyelogram in all children who had suffered a urinary infection, in order to forestall 
the possibility of recurrence due to a remediable lesion, but in most hospitals 
this would involve an impossibly heavy demand upon the X-ray facilities, and the 
investigation has to be reserved for certain categories. My own practice is to 
insist on a pyelogram where: 

(i) Pyuria persists after adequate chemotherapy. 
(ii) The initial infection is very severe, and causes haematuria, enlargement 

of the kidney, distension of the bladder or a considerable rise of blood urea. 
(iii) The infecting organism is Proteus or Pseudomonas. 
(iv) Two or more recurrences have been observed in a girl. 
(v) Any infection occurs in a boy past the age of 1 year. 

Intravenous pyelography is normally the first investigation to be performed, 
although if the child appears at all ill, a blood urea estimation should precede it 
as in uraemia the method is unhelpful and not without danger. Cystoscopy, 
urethroscopy and retrograde pyelograms may be required in some cases. 

These investigations may reveal the presence of chronic pyelonephritis without 
any othcr abnormality: this disease is discussed in the following section. In many 
cases a urinary tract disorder will be found, with or without scarring in the 
kidney itself; the disorder is usually an obstruction or a stone. The various types 
of ureteric dilatations and duplications are most often recognized because of 
investigation in cases of recurrent or persistent infection. The pyelograms must 
always be studied with the possibility of a double ureter in mind, remcmbering 
that the corresponding renal element may be functionless, so that the presence 
of the offending organ has to be surmised from the characteristic deformity of 
the unaffected pelvis (p.36). Hydronephrosis, vesical diverticulum or lower 
urinary obstruction mayaiso be revealed. The management of all these conditions 
is essentially surgical and is discussed elsewhere in this volume. 

While great emphasis must be laid upon the importance of chronic pyelo­
nephritis and urinary tract anomalies, it must be recognized that in girls, parti­
cularly during the later years of childhood, it is not uncommon to observe recurrent 
mild infections in a urinary tract which all investigations indicate to be entirely 
normal. Some of these episodes may be attacks of simple cystitis, but in others 
pain and high temperatures indicate renal involvement. Although short-lived 
and followed by complete recovery, the cumulative effect of a number of these 
attacks lowers the general health of the child, and interferes seriously with her 
education. Whether or not treatment is given, attacks tend to cease about the 
age of puberty, but there is always the fear that the recurrent infections may 
produce chronic pyelonephritic changes and serious complications in later life. 
WHARTON et al. analysing the late effects of "acute pyelitis", emphasized the 
frequency with which such complications were found, but their only serious 
case was one in which pyelonephritic scarring was clearly present from the time 
of first investigation, while some of their other "late complications", such as 
slight dilatation of the lumbar ureter, and slight pyuria could probably be found 
as often in an unselected group of women. W OODRUFF and EVERETT also found 
several abnormalities in a group of young women who had had urinary infection 
in childhood, but many had not previously been investigated and there was no 
evidence to suggest that these abnormalities could not have been detected at the 
time of the infection. His weIl known that pregnancy i8 apt to lead to a recurrence 
of infection in previously damaged kidneY8, but HELMHOLZ believes that where 
the urinary tract i8 normal, there is little danger to be anticipated. Thus although 
pyuria may weIl indicate a serious disorder, a good prognosis can be given for 
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recurrent infections in older girls in whom a searching investigation has revealed 
no abnormality. 

In the management of these cases, every attempt must naturally be made to 
prevent the recurrences. Attacks are sometimes brought on by exposure to cold, 
by upper respiratory infection, and by constipation, and where possible these 
predisposing conditions must be avoided. Tonsillectomy and eradication of 
other foci of infection is occasionally indicated. Continuous chemotherapy 

A B 
Fig. 92 A and B. Vesico·ureteral reflux with sIight hydro·ureter associated with recurrent urinary infection. 
ARetrograde pyelogram, B Cystogram. Boy aged 5 years with four attacks of severe E. Coli infection. Cysto­
scopy and intravenous pyelogram passed as normal. Retrograde pyelogram shows only slight ureteric dilatation, 

but free reflux is present and causes considerable distension of pelvis and ureter 

(p. 149) is the most reliable preventive measure, and may need to be administered 
for periods varying from six months to two years or more, in fact until the child 
has grown out of the liability to attacks. When a cystogram shows reflux in an 
otherwise normal urinary tract, operations to prevent this phenomenon (p. 54) 
may be undertaken if continuous chemotherapy fails. 

V. Chronic pyelonephritis 

1. Pathology 
Recovery from mild attacks of pyelonephritis may be almost complete 

though the healing of abscesses will naturally lead to the formation of radial 
scars, while some tubules may have been altogether destroyed. The changes of 
chronic pyelonephritis result as often from the scarring left by repeated acute 
attacks as from a long continued infection, and the chronic disease is an insidious 
one, the presence of which may be unsuspected clinically until the destruction 

Handbuch der Urologie, Bd. XV 10 
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of the renal parenchyma is far advanced_ At autopsy, the kidneys may be so 
shrunken and scarred that it is difficult to identify the originallesions by naked 
eye examination, or to distinguish pyelonephritis from congenital hypoplasia_ 

Fig. 93. Chronic pyelonephri tis. Nephrectomy specimen from a girl aged 17 years with hypertension. Specimen 
shows the characteristic scarring of the cortex, and thickened blood vessels 

The pathological characteristics of chronic pyelonephritis have been admirably 
described by WEISS and PARKER. The lesions are irregularly disposed throughout 
the organ, and almost invariably one kidney is much more severely affected than 
its fellow. The capsule is thickened and strips only with difficulty, often tearing 
the underlying cortex. Wedge-shaped scars in the parenchyma pucker the surface 
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and extend in towards the calyces (Fig. 93). The cortex is thinner than normal, 
and in long standing cases the surviving tissue between the scars hypertrophies 
and forms raised rounded nodules which grossly distort the kidney pattern: 
they often undergo fatty change and are then seen as pale nodular zones on the 
subcapsular surface. Usually the pelvis and ureter are dilated and thick-walled, 
and in many cases the hilar vessels are more prominent than usual. Microscopy 
of the scarred areas shows the tubules to be chiefly affected: many are small and 
atrophie, some dilated with a low epitheliallining. The presence of colloid casts 
gives these tubules a certain resemblance to the thyroid acini. Often there is 
a severe lymphocytic infiltration. The glomeruli may appear normal, but there 
is usually well marked periglomerular fibrosis, and occasionally complete hyalini­
zation. Between the scars the kidney tissue is relatively normal or else shows 
hypertrophie changes, with dilated tubules and enlarged glomeruli. 

In the scarred area vascular changes, consisting of endarteritis of the larger 
vessels and hyperplasia with hyalinization of the arterioles, are almost invariable 
and occur as an essential part of the pyelonephritic process. When hypertension 
supervenes similar vascular lesions affect all parts of the kidney, and perhaps 
other organs as well; necrotizing changes in the glomerular afferent artery 
being characteristic. 

MARSHALL has drawn attention to the presence of primitive or "dysplastic" 
elements in pyelonephritic kidneys. Primitive tubules are most easily recognized, 
not only are they wide, straight and radially disposed, but they also reach the 
capsule where they curl round to join their glomeruli. In the medulla they have 
a characteristic collar of fibro-muscular tissue. Proglomeruli, without differen­
tiation of tuft and capsule, and infantile glomeruli, in which the tuft is still 
compact and invested by a layer of cuboidal cells, are also described. Masses of 
loose fibrous tissue, hyaline cartilage and angiomatous areas are other "dysplastic" 
features. It has already been mentioned in another section that these primitive 
elements are regularly seen in the congenital dysplastic kidney in which secondary 
pyelonephritic changes are the rule; it has yet to be established, however, that 
they play any important role in the onset of pyelonephritis in the otherwise 
normal kidney. 

2. Clinical features 

Chronic pyelonephritis may follow acute urinary infection, and be itse]f 
responsible for recurrent attacks, but in many cases it is an insidious and slowly 
progressive disease in which no acute episodes can be recognized. Symptoms 
of a disease which starts in early childhood may not become evident until early 
adult life, and sometimes an infection which seems to have been eradicated before 
puberty will recur during pregnancy. 

When pyelonephritis occurs as the only lesion, unaccompanied by disorders 
of the urinary tract, girls are much more frequently affected than boys, and the 
symptoms are those of recurrent infection, chronic renal failure, or hypertension. 
In renal failure, growth is retarded and weight lost; the skin is wrinkled and 
sallow. Thirst and polyuria may be noticed with consequent nocturnal frequency 
or enuresis. Loss of appetite, nausea and headaches follow. In long standing 
cases the bone changes of renal rickets appear, and are sometimes the complaint 
for which the child is brought to hospital. A full discussion of chronic renal 
failure will be found in Section M, II of this volume: it is an irremediable condition, 
and treatment can only aim at slowing its progress and relieving the symptoms. 

Hypertension (see p. 211) is a complication of some but not all cases of chronic 
pyelonephritis; no explanation can be given of this selectivity, nor can it be 

10* 
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predicted whieh eases will be affected. The appearanee of hypertension greatly 
hastens the course of the disease, and severe headaches and blurred vision may 
reduee the ehild to a pitiable eondition. 

Although the affeeted kidney is frequently painful during exaeerbations of the 
infection, there is no elinical sign diagnostic of ehronic pyelonephritis, and its 
recognition has to be made from urine examination, pyelography and history. 
The urine usually eontains a slight exeess of pus cells , even between attaeks, and 

Fig.94. Unilateral pyelonephritis. Retrograde pyelograms in a girl 
aged 17 years who had suffered recurrent urinary infectiollS with 
haematuria sillce early childhood. COlltracted left kidlley with marked 

hypcrtrophy of the right kidlley. Normal blood pressure. 
Left n ephrectomy 

a variable quantity of al­
bumin: it is often sterile on 
eulture, for the lesions pro­
gress long after the baeterial 
invasionhas been overeome. 
A few easts may be present. 
Pyelograms may demon­
strate an impairment of 
funetion , or an anatomical 
deformity due to gross renal 
searring in advaneed dise­
ase. Clearly it is difficult 
by these methods to make 
apreeise diagnosis in early 
cases, and it is also im­
possible to distinguish be­
tween chronie atrophie py­
elonephritis and so me forms 
of eongenital hypoplasia. 

3. Radiology 
The outline of the kid­

ney should first be studied: 
the whole kidney is often 
eontraeted, and narrowed 
in the vertieal plane (Fig. 
94). The surfaee is rendered 
irregular by searring, and is 
inden ted in relation to de­
formed calyces or pyelo­
genie cysts. This type of 
indentation must not be 

confused with the foetallobulation which is normal up to the end of the first year. 
When the whole kidney is involved, the pelvis and calyces often appear com­
pressed against the vertebral column (Fig. 95), the pelvis is directed downwards 
rather than medially and lies in almost the same line as the ureter. Because of 
the thinning of the parenchyma, the lower-most calyx lies in elose proximity 
and parallel to the ureter. The calyces are irregular, often elubbed (Fig. 96), 
but sometimes narrow and elongated (Fig. 95, left); the pelvis may appear 
slightly hydronephrotic, though its enlargement is often apparent rather than 
real, and is relative to the contraction of the kidney. Hyperplastic areas of the 
kidney may cause a distortion of the calyces suggesting the presence of cysts. 

The function of the pyelonephritic kidney is depressed, but since the lesions 
are patchy, there may be sufficient number of normal nephrons to concentrate 
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the dye, and therefore to fill the whole pelvis with opaque urine during the intra­
venous pyelogram. At other times, and especially in extensive bilateral disease, 
retrograde pyelograms are required. Pyelonephritis is normally abilateral disease, 
though one kidney is usually much more scarred than the other. In strictly 
unilateral disease, the healthy kidney will show a considerable and regular 
hypertrophy. 

ZAPP has claimed that calyco-papillitis with papillary necrosis is a distinctive 
form of chronic renal infection, common in childhood; he diagnoses it from the 

Fig.95. Bilateral pyelonephritis. Intravenous pyelograms in a girl aged 12 years suffering from recurrent urinary 
infection and right sided pain. Atrophie pyelonephritic changes in the right kidney; a drawn·out, narrow middle 

calyx on the left, indicating the presence of scarring this kidney 

pyelographic appearance of isolated, blunted and bulbous calyces, but his 
pyelograms do not show the " ring shadows" seen in the papillary necrosis of 
diabetic adults, and his view of the pathology does not appear to be supported 
by anatomical studies. 

4. Management 

When following an acute urinary infection the changes of chronic pyelo­
nephritis are found in an otherwise normal urinary tract, every attempt must 
be made to eliminate the infecting organism: an intensive course of antibiotic 
treatment, followed by continuous chemotherapy should be advised. Small 
doses of sulphonamide [e.g. Gantrisin (Sulphafurazole) 0.5 gms twice daily] 
may be required for months, or even years to prevent recurrent infections. Any 
other foci of infection in the body must be eliminated. In bilateral disease, these 
measures, together with symptomatic treatment of renal failure (p. 221) and 
hypertension (p. 215) are all that can be offered: in unilateral disease, which is 
rare, nephrectomy may be considered. The indications for this operation are 
hypertension and recurrent acute exacerbations which cannot be controlled by 
chemotherapy. In hypertension it is vital that the opposite kidney is entirely 
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normal, for if it is at all affected, nephrectomy will reduce the total renal function 
without curing the disease. In recurrent urinary infection the criteria need not 
be quite so rigid, and it is sometimes worth removing the worse of two pyelo­
nephritic kidneys if complications such as stone or perinephric abscess are present. 

Fig. 96. Chronic bilateral pyelonephritis. Retrograde pyelograms in a girl aged 8 years, who had suffered recurrent 
urinary infeetions sinee the age of 4 years. Steadily rising blood urea but no hypertension. Blunting and distortion 

of calyces, atrophy of the right kidney far advanced 

No advantage will be gained from the removal of a unilateral pyelonephritic 
kidney if the blood pressure is normal and the infections have been controlIed, 
but heminephrectomy, removing the infected half of a double kidney, is frequently 
valuable. 

VI. Pyaemic kidney; renal carbuncle and perinephric abscess 

1. Pathology 
The kidney is often involved in generalized blood borne infections, usually 

due to streptococci or staphylococci. In childhood the primary lesion may be 
bacterial endocarditis, umbilical sepsis, or osteomyelitis. Abscesses may occur in 
many organs throughout the body, but not infrequently the kidney is the most 
severely affected. Being embolie the earliest lesions are seen in the glomeruli or 
its arterioles, and from a local thrombosis an abscess spreads. Septic infarcts also 
occur. The kidney is swollen and yellow points of suppuration are seen beneath 
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the capsule. The cut surface exhibits numerous small abscesses (Fig. 97), circular 
in the cortex, oval and radial in the medulla. The renal pelvis is little affected 
and it is only late in the disease that pus cells reach the urine. 

A renal carbuncle is a localized suppurative process in the cortex, usually 
staphylococcal, and the result of metastatic infection from superficial sepsis. 
The affected pole of the kidney is enlarged by the inflammatory infiltration: the 
centre of the lesion is an abscess which ultimately discharges itself outwards 
through the capsule into the perinephric space. The pelvis and calyces are seldom 
involved, though the caly-
ce al anatomy is often 
distorted. 

Occasionally the sup­
purative process is so ex­
tensive that the greater 
part of both kidneys is in­
volved, resulting in death 
from toxaemia and anuria 
(Fig. 98). 

Perinephric abscess 
may arise from rupture 
of a renal carbuncle, but 
more commonly, astaphy­
lococcal "metastatic " 
perinephric abscess is 
found without evident 
renal disease: in these it 
is usually assumed that 
minute focus in the cortex 
has ruptured through the 
capsule, but such a focus 
is seldom demonstrable. 
BRUNN and RHODES state 

Fig. 97. Pyaemie kidney. Post-mortem from a girl aged 13 months ad­
mitted to hospital for investigation of vomiting and low fever. There was 
a leucocytosis. but urine was normal. Myringotomy was performed for a 
middle ear infectioll. The child's general condition deteriorated during 
the following days, and she died without any signs of a renal disorder 

that metastatic perinephric abscess is less common in children than in adults, 
in contrast to osteomyelitis, another haematogenous staphylococcal infection, 
and believe that the comparative paucity of the perinephric fat in the young 
is responsible. SWAN, however, questions this theory and asserts that the in­
eiden ce of perinephric abscess in children has been underestimated. 

Much less commonly perinephric abscess results from the extension of a 
suppurative pyelonephritic lesion, often associated with stone. An E. coli infection 
is usually present and the process is a chronic one. 

Abscess formation due to penetration of the renal parenchyma by a ureteric 
catheter has been recorded, but it is an unusual complication of that accident. 

Paranephric abscess, alesion of the space outside Gerota's fascia, is usually 
a consequence of osteomyelitis of the spine. 

2. Clinical features 

The multiple pyaemic lesions of bacterial endocarditis produce very few 
symptoms apart from microscopic haematuria, and are unlikely to corne to the 
attention of the urologist. Carbuncle and perinephric abscess are perhaps less 
cornmon since the advent of chernotherapy but are still irnportant clinical entities. 
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The onset of symptoms due to renal carbuncle is slow and insidious: for some 
weeks the child is off colour, and complains of vague pain in the loin or the 
abdomen_ Loss of weight and pyrexia then become evident, pain is more severe 
and better localized. Examination at this stage reveals tenderness over one kidney, 

Fig.98. Acute suppurative uephritis. Post-mortem specimens from a boy 
aged 3 weeks, admitted to hospital with acute toxaemia and abdominal 
swellings. Both kidneys were enlarged and hard: they were thought to 
be polycystic. The boy died shortly after admission. The renal par­
enchyma is almost entirely destroyed on the left side, and replaced by 

an enormous staphylococcal abscess 

which may be palpably 
enlarged but mobile; the 
urine is normal or con­
tains a few pus cells: the 
blood count shows a 
considerable polymorph 
leucocytosis. On intra­
venous pyelography there 
is evidence of aspace 
occupying lesion, usually 
near one pole, which en­
larges and distorts the 
upper or lower calyx. In 
the untreated case the 
suppurative focus will 
discharge itself through 
the renal capsule, pro­
ducing a sub-acute peri­
nephric abscess, with the 
symptoms outlined below. 

In very acute infantile 
cases, one or both kidneys 
may be considerably en­
larged and oliguria may 
be present. 

In perinephric abscess 
the characteristic history 
is a gradual onset of pain 
in the loin and limp; the 
limp is due to psoas spasm, 
demonstrable clinically by 
the persistent flexion of 
the hip without limitation 
of other movements. The 
pain is often poorly locali­
zed, and on the right side 
may mimic appendicitis. 
When first seen, the only 
physical sign may be ten-
derness in the flank, later 

a mass becomes palpable, and finallyan oedematous swelling can be observed in 
the loin. At first there is little pyrexia but when the abscess begins to point, the 
temperature is high and swinging. Normal urine, and leucocytosis are the rule. 
X -rays of the abdomen show 10ss of the psoas shadow and displacement of the 
kidney (Fig. 99). Cases in which the perinephric abscess complicates a pyelo­
nephritic process are easily distinguished by their association with frequency, 
pyuria and often an E. coli infection, together with pyelographic evidence of renal 
disease. 
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3. Management 

In renal carbuncle and metastatic perinephric abscess, it may be assumed 
that a staphylococcus is responsible and penicillin should be administered in 
large doses. Drug treatment 
alone may suffice when the 
lesion is confined to the 
kidney, but when a peri­
nephric abscess has formed, 
drainage through the loin is 
usually required. Occasion­
ally it has been necessary 
to open into the kidney 
to drain the carbuncle, or 
even to perform a nephrec­
tomy. In most cases the 
prognosis is excellent, and 
restoration of anormal 
pyelogram shows how com­
pletely a carbuncle can 
resolve (HUTCHISON and 
DAVIES), but in infants 
the infection may be over­
whelming. 

The complicated peri­
nephric abscess with chronic 
pyelonephritis or stone 
presents a more difficult 
problem, and treatment 
must be adjusted to the 
overall state of the urinary 
tract. In some cases a ne­
phrectomy is best perfor­
med at the same time as 
the abscess is opened. 

Fig. 99. P erinephric abscess. Intravenous pyelogram in a girl aged 
7 years with three weeks history of left loin pain and Iimp. The left 
renal pelvis is displaced upwards and outwards and the outline of the 
psoas shadow (marked by an arrow on thc right) is obliterated on the 
left. Shortly after these films were taken a swelling appeared in the 

left loin 

VII. Cystitis 

Acute cystitis is usually one manifestation of a generalized urinary infection, 
and as such requires no special comment. On rare occasions infection may 
start in the bladder wall or penetrate it from outside. CAMPBELL has recorded acute 
lesions due to intramural abscess , to haemorrhagic infarction, and to suppurative 
thrombo-phlebitis of the bladder wall. Pelvic abscess due to appendicitis or 
pneumococcal peritonitis may rupture into the bladder, and abscesses arising 
from osteomyelitis of the pelvis may do the same. The pus is discharged through 
a comparatively small opening but is very thick, often having the consistency 
of tooth paste, and may cause retention of urine. The diagnosis is easily established 
cystoscopically once the bladder has been washed out and treatment should be 
directed to the primary lesion: the bladder heals surprisingly easily. 

Chronic cystitis of particular severity is seen in the sacculated bladder associa­
ted with lower urinary tract obstruction or neurological disorder, and in these 
circumstances it may prove impossible to rid the urine of pus cells. The bladder 
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wall becomes thick and fibrotic and its condition is uninfluenced by removal of 
the obstruction; the ureteric orifices are gaping and rigid so that they allow free 
reflux. 

Milder chronic infections of the upper urinary tract may be accompanied 
by the changes of cystitis cystica and cystitis glandularis as in adults. This 
cystoscopic appearance is particularly common in infected mega-ureters. Mala­
koplakia is a chronic form of cystitis in which raised yellow plaques are found 
beneath the mucosa: they are composed of large cells containing "Michaelis­
Guttman " inclusion bodies. MORRISON has described a typical example in a 
six year old girl dying of chronic infection with dilated ureters. Leukoplakia 
has been observed by CAMPBELL. 

Cystitis emphysematosa, in which gas bubbles form beneath the mucosa, 
has been del"'lribed in an infant dying of a very acute urinary tract infection 
by SANES and DOROSHOW. The significance of gas formation was not clear, but 
it was not associated with diabetes as in adult cases. 

Interstitial cystitis (Hunner's ulcer) is stated by McDoNALD et al. to be 
not infrequent in children: the cases they describe, however, appear to have 
been typical enuretics with day frequency and urgency, and suffered none of 
the intense bladder pain characteristic of Hunner's ulcer. No other writers 
appear to have observed the condition in the very young. 

Urethro-trigonitis, small granular masses, polyps and bullae on the base 
of the bladder and urethra, may be observed in children with frequency and 
enuresis but sterile urine. They mayaiso be found in a few children without 
symptoms and their significance is doubtful. Treatment when required is light 
fulguration and urethral dilatation. 

VIII. Parasitic and fungal infections 

These infections are discussed at length in Volume IX, 2, of this series, and 
only brief notes are appended here. 

1. Schistosomiasis (Bilharziasis) 
The schistosomidae are trematode worms which are parasitic in man and 

pass through their intermediate stages in molluscs or fish. S. haematobium 
infection is common in children in tropical Africa, Egypt, Arabia and Iraq; the 
adult worms inhabit the veins of the bladder, prostate and uterus, and ova 
pass out in the urine. If the ova reach water a free swimming form, the miracidium, 
then develops which can penetrate the integument of a species of snail (Bulinus) 
and undergoes further evolution within the viscera of that mollusc. In the next 
stage a cercaria is formed and leaves the snail, it swims independently in the 
water, and can enter the unbroken skin of any available human. During the 
process of penetration the tail is lost and the head enters the blood stream; 
reaching the liver, the organism attaches itself to the vessel wall and develops 
into an adult schistosoma. Mating takes place here, the minute female worm 
being enveloped within the body of the male and thus united they leave in pairs 
for the bladder where the remainder of their life is spent. 

Children bathing or washing in fresh water inhabited by the snail Bulinus 
are likely to become infected: some irritation of the skin occurs when the cercariae 
penetrate it, and then there is an allergie phase, during which the child suffers 
pyrexia, headaches, urticarial rashs and colic. When the fully developed worms 
have reached the bladder urinary symptoms appear, the most characteristic 
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being terminal haematuria with some frequency and pain on micturition. With 
severe infestation there will be complaints of suprapubic pain, and perhaps 
evidence of secondary infection. Spontaneous remission of symptoms is ultimately 
likely, but may be followed by fresh attacks. The sequelae of schistosomiasis, 
ureteric stricture, bladder contracture and carcinoma are formidable, but are 
seen chiefly in adult life. 

The diagnosis of schistosomiasis is made by identification of ova in the urine. 
Several specimens may need to be examined, and the last drops of urine which 
are passed are most likely to contain the ova. Leucocytosis and eosinophilia are 
present and a complement fixation test is available. In areas where the disease 
is endemic it is much the most common cause of haematuria and all children with 
that complaint should be examined with this in mind; other urological investi­
gations will only be required if schistosomiasis has been excluded. Cystoscopy 
is therefore not required, but if it is performed it will reveal a number of inflamed 
areas and small ulcerations. Healing leads to the development of "sandy 
patches ". 

The treatment is primarily medical, and surgical measures should not be 
required during childhood. Antimony tartrate (tartar emetic) is still the most 
effective drug; it should be administered by daily intravenous injections for 
10-15 days. The total dose can be calculated on the basis of 35 mgm/kilo/body 
weight, and should be divided into daily doses, the first being small and not 
exceeding 30 mgm. The child should be in bed if possible throughout the course. 

Stibophen (Fouadin) can be used intramuscularly in courses of 10 injections 
administered on alternate days. The total dose for a four year old child should 
be 15 ml, for an eight year old 25 ml, and for a fourteen year old 40-50 ml, and 
these doses must be divided appropriately. 

Nilodin (Miracil D) is a recently introduced oral preparation given in doses 
of 20 mgm/kilojday for 7 to 8 days. Severe side effects are common. 

2. Hydatid eyst 

The hydatid is the cysticercus stage of the helminth "Taenia echinococcus" 
a tape worm which spends its adult life in the intestine of the dog. Infection, 
which is common in certain countries, though not in England or America, often 
occurs in childhood through the handling of infested dogs, but the cyst may not 
become evident until adult life. A solitary hydatid may be found in the kidney; 
it forms a tumour-like sweIling, and may destroy the renal parenchyma entirely, 
or it may rupture into the pelvis, so that daughter-cysts are passed in the urine. 
The diagnosis may be made as a result of finding these cysts, or calcified ring 
shadows may be recognized radiologically. The Casoni test is somewhat 
unreliable. Nephrectomy, provided the opposite kidney is normal, is the only 
satisfactory treatment. 

When daughter-cysts are released into the peritoneum by rupture of a hepatic 
hydatid, one may settle in the pelvis, and enlarge there, pressing upon the base 
of the bladder and sometimes causing retention of urine, as in the case recorded 
by SABADINI. 

3. Myiasis 

JUNGHANS has recorded the case of a boy of 12 years who excreted in his 
urine the larvae of Fannia Scalaris, a species of fly. He recovered without 
treatment. 
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4. Moniliasis 
Moniliasis or "thrush" infection is due to a yeast like organism Candida 

albicans. It is a relatively common cause of vaginitis in the adult, and may 
produce a type of napkin rash in infants (p. 243). Generalized thrush infections 
in which the urinary tract may be involved have become more frequent in recent 
years, occurring in infants who have received prolonged antibiotic therapy. 
GERLOCZY et al. describe a three month old infant in whom the renal pelvis was 
entirely occupied by a mass of greasy substance composed of myriads of monilia 
organisms. One case of monilial infection has come under my care, a boy with 
chronically dilated ureters who had had many courses of antibiotics for bacterial 
infections; he had filamentous structures in the urine for many months, and having 
resisted all treatment finally cured himself. No specific measures have yet proved 
satisfactory, though SAREWITZ record the use of Nystatin in adult monilial 
urinary infection. Generalized moniliasis may be treated with hydroxystilb­
amidine (5 mgmjkiloj12 hourly) given in an intravenous drip. 

5. Actinomycosis 
Actinomycosis infection is rare in children, and very rarely is the kidney 

involved except in continuity with other abdominal lesions. KRETSCHMER and 
HIBBS have, however, recorded a case and reviewed the subject in detail. In 
their child there was a long history of loss of weight and pain in the loin; renal 
enlargement with a filling defect was seen in the pyelogram and the kidney was 
removed under the impression that a tumour was present. A post-operative sinus 
formed which discharged pus containing the typical "sulphur granules" but 
eventually healed after a long course of potassium iodide. A similar and weIl 
illustrated case in a boy of 10 years is reported by WILLE-BAUMKAUFF. 

I. Urogenital tuberculosis 

I. Incidence 
Although generalized tuberculosis is relatively common in the young, destruc­

tive disease localized in the kidney is characteristically an affliction of early adult 
life or adolescence. If therefore childhood is deemed to have ceased at the age 
of 12 years, surgical renal tuberculosis is rare in children, and it is exceptionally 
rare in infants. The incidence will naturally vary from one community to another 
with the varying standards of hygiene and nutrition, and with the general level 
of resistance to tuberculosis: in the past certain writers have been able to refer 
to a comparatively large series of affected children (e.g.MATHE found that children 
accounted for 10% of surgical renal tuberculosis cases) but nowadays few are 
encountered, and no new example has attended the Hospital for Siek Children 
during the past three years. HA WTHORNE and SIMINOVITCH had 9 cases in 57,000 
paediatric admissions (Canada 1949); AUERBACH (USA, 1948) in 90 autopsies 
on tuberculous children found renallesions in only three. 

Most of the cases now recognized occur in children undergoing treatment in 
long stay orthopaedic hospitals for bone and joint lesions, and few present for 
treatment primarily on account of urinary symptoms. Because, therefore, of its 
rarity, and the close similarity between the manifestations in adults and in children, 
the following description of renal tuberculosis will be brief and reference should 
be made to Vol. IX of this series for full discussion. 
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11. Pathology 
The tubercle bacillus is believed to enter the body by the way of the respira­

tory or alimentary system, and forms there a focus of infection which with the in­
volved locallymph glands is known as the primary complex. During this episode 
there is some disturbance of general health, though few local symptoms. A tem­
porary bacteriaemia occurs during the development of the primary complex 
and the organisms may settle down in many organs, including the kidney, though 
active local destruction is unlikely to become evident until a later stage. 

Acute generalized (miliary) tuberculosis may result from a rupture of the 
caseating lymphatic focus into the blood stream and the bacilli so disseminated 
produce "tubercles" in every part of the body. Until recently this type of 
generalized tuberculosis was invariably fatal and the "miliary" lesions of the 
kidney found at post-mortem accounted for a high proportion of recorded cases 
of renal tuberculosis in childhood. The kidney exhibits a large number of grey 
nodules under the capsule, and on the cut surface: they are small tuberculous 
foci composed chiefly of epithelioid cells, and without evidence of caseation. 
The pelvis and calyces are unaffected by the disease, and the renal papillae remain 
intact. Miliary tuberculosis produces no urinary symptoms, and cases are unlikely 
to come under the care of the urologist. Treatment is exclusively medical, and 
now that effective chemotherapy is available, it can be demonstrated that the 
miliary lesions are capable of healing. 

Blood stream spread also occurs in a less acute form, and is liable to take 
place at any time in the course of severe local disease in the lungs, lymph glands 
or bones. Tubercle bacilli are brought to the kidneys through the circulation and 
produce multiple bilateral cortical foci. The first accurate description of these 
lesions was given by MEDLAR. They are small and not perceptible to naked 
eye examination; histologically they consist of leucocytic collections with mono­
nuclear epithelioid cells and no giant cells are present. It is now established that 
these are the minimalIesions, and that true tuberculous bacilluria, in the sense 
of bacilli passing through an intact kidney, does not occur. 

Healing of these corticallesions is possible and usually complete: the "surgi­
cal" renallesion arises by extension down the tubules to the medulla. This 
secondary lesion is commonly unilateral, it is typically a giant cell focus with 
caseation and frequently ulcerates the renal papilla, releasing its contents into 
the pelvis. In this way a cavity is formed which may gradually enlarge and 
extend outwards into the renal parenchyma; complete healing is no longer 
possible, though scarring and calcification may occur, or the caseous material 
may partially solidify in closed cavities to form a putty-like substance. 

Several ulcero-cavernous lesions may form simultaneously but once tuber­
culous pus is released into the pelvis secondary spread may take place across 
that cavity. The mucosa becomes thickened, inflamed, and studded with tubercles. 
Obstruction of the pelvi-ureteric junction may lead to hydronephrosis and pro­
gressive destruction of the renal substance which converts the whole kidney into 
a tuberculous pyonephrosis. 

The ureter becomes a little dilated in early ulcerative lesions and its wall 
oedematous. Tubercles are formed under the mucosa, and later progressive 
fibrosis occurs in the muscular coat, which together with fibro-lipomatous chan­
ges in the adventitia convert the ureter into a thick and rigid tube. Stricture is 
particularly apt to occur in the lower end, and if this occurs early, may lead 
to considerable dilatation of the proximal ureter. 
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In the bladder the first change is the appearance of tubercles around the 
ureteric orifice of the affected side; the inflammatory process spreads, and may 
produce small ulcerations. The bladder muscle becomes spastic at first, but 
later infiltration and fibrosis of the wall result in a rigid contracted organ. Fibrosis 
of the bladder neck causing urinary obstruction is seen occasionally. 

Tuberculosis of the male genital tract is uncommon in children, though as in 
adults, it may accompany severe urinary infection. Whether the organisms 
usually reach the genital ducts from the urine or from the blood stream is uncertain, 
though the haematogenous type is undoubtedly possible, and it is equally difficult 
to say whether the prostate and vesicles are affected before the epididymis. 
Lesions in both the latter sites are found in most cases, though the caseating 
abscess formed in the epididymis naturally receives most attention. Healing 
without sinus formation may occur under the influence of chemotherapy, but 
permanent occlusion of the epididymal ducts is likely. 

III. Clinical features and management 

1. Corticallesions 

A high proportion of the children now seen with urinary tuberculosis are 
those already under treatment for a serious lesion elsewhere, usually pulmonary 
or osseous, who are found to be excreting tubercle bacilli in the urine, but who 
have no demonstrable pyelographic abnormality. Thus LATTIMER found 12 out 
of 22 of his cases to belong to this group, and YATES-BELL also emphasizes the 
high proportion of symptomless cases. As already indicated, the work of MEDLAR 
and others has demonstrated that these cases cannot be regarded as simple 
tuberculous bacilluria, and that multiple minute cortical lesions must in fact 
be present. 

The children in this group have no disturbance of micturition attributable to 
the tuberculous process, but albuminuria, slight pyuria and occasional haematuria 
occur. The great majority are diagnosed from routine examination of the urine 
for tubercle bacilli. 

Untreated, excretion of tubercle bacilli may continue over a very long period 
without evidence of destructive renal disease, even in cases where the extra­
renal focus is small and healing. No adequate follow-up of this type of lesion has 
been reported for children, but COSBIE-Ross has described the progress in adult 
cases. A few will naturally go on to ulcerative lesions. 

The management of these cases is largely the management of the serious 
lesion elsewhere. Chemotherapy and sanatorium treatment for at least a year 
are desirable from the renal angle, and should be advised when bacilluria is the 
only finding. Most cases become tubercle negative in these circumstances, but 
a few are obstinately persistent. 

Since a high proportion of these children are undergoing immobilization 
treatment for bone and joint disease, it is not surprising that stones are found 
in association with tuberculous bacilluria in a fair number of cases; occasionally 
it is the symptoms due to stone which lead to investigation. The stone should 
be treated on its own merits, and when the tuberculous foci are entirely cortical 
no sinus will follow pyelolithotomy (YATES-BELL). Nephrectomy is, of course, 
inadvisable unless the affected kidney is almost completely destroyed, since the 
cortical tuberculous process is likely to be bilateral and may progress in the 
contralateral organ. 
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2. Early ulcerative lesions of the renal papilla 

When a easeous foeus has developed, and ruptured into the pelvis, symptoms 
referable to the urinary traet will be present, although they may be overshadowed 
by the symptoms of a pulmonary or osseous foeus. In only a few ehildren is the 
renal disease the sole elinieally evident tubereulous lesion. 

The ehild eomplains of frequent and urgent mieturition; sleep is disturbed 
by the urge, or there is an onset of bedwetting. Some dysuria may be evident, 
and at times there is a sudden brisk haematuria. Aehing pain in the loin is a 
eommon feature, and occasional eases suffer true eolie due to elot or debris. Loss 
of weight, pallor, and sweats are notieed by the parents, often for some weeks 
before the ehild is brought to hospital. 

On examination there are few physieal signs and the temperature is normal 
or only slightly raised. The urine is hazy and acid, eontains albumin and exeess 
of pus eells, but is sterile on ordinary eulture media. It is immediately elear that 
the ehild is suffering from a ehronie urinary infeetion, and the problem often lies 
in the differentiation of simple pyelonephritis from the tubereulous lesions, 
though in known eases of ehest or bone disease there should be little diffieulty. 
The Mantoux test is frequently of value in any country where the majority of 
ehildren are Mantoux negative, for a positive reaetion will greatly inerease the 
ehanees that the symptoms are due to renal tubereulosis, while a negative will 
obviate the need for prolonged seareh for tubercle bacilli in the urine. 

Intravenous pyelograms in the early ulcerative cases will show the excavation 
of the renal papilla ; the affeeted calyx is enlarged and fluffy or eommunieates 
with a ragged eavity outside the calyeeal system. Some ealeifieation mayaiso 
be present in the adjaeent tissue. The renal pelvis and upper ureter are slightly 
dilated. These signs are almost diagnostie of tuberculosis, but simple eoliform 
infeetions assoeiated with hydroealyeosis may mimie the typieal picture. Bi­
lateral retrograde pyelograms, and eolleetion of separate speeimens of urine 
should be performed to eonfirm the nature of the disease, and to establish the 
state of the contralateral organ. 

Cystoscopy, at this stage, reveals cystitis with the inflammatory ehanges 
and mueosal tubercles localized ehiefly in the neighbourhood of the ureteric orifiee 
of the affeeted kidney. The orifiee itself may be rigid and gaping. 

Ultimately the diagnosis depends upon the isolation of the tubercle bacillus, 
and in all suspicious cases, at least three early morning speeimens oI urine should 
be examined by mieroseopy and eulture or guinea-pig inoeulation. 

The management of the early uleerative lesion is both medieal and surgieal, 
and with the reeognition of the value oI ehemotherapy and the sanatorium regime, 
nephreetomy is seldom urgent and may be avoided altogether. Most surgeons 
now advoeate 3-6 months medieal treatment before contemplating nephrectomy 
even in the clearly unilateral case. During this time the tubercle bacilli may 
disappear from the urine and healing oI the lesion eommenee, so that the surgery 
is never required. It is preIerable to await healing oI any other tuberculous foei 
present in the body before deeiding upon renal surgery, for later infeetion of the 
opposite kidney may entirely alter the prospect. 

Nephrectomy is indicated, however, for the strietly unilateral case with 
ulcero-eavernous lesions whieh eannot be sterilized medically. Partial nephreetomy 
is a proeedure applieable to a few, though the preeise extent of the disease cannot 
always be estimated from the pyelogram. A further prolonged course of chemo­
therapy should follow, so that the whole treatment is likely to last at least a 
year. The eystitis usually settles down rapidly once the tubereulous kidney has 
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been removed, and requires no special attention in the early cases when involve­
ment of the lower urinary tract has never been severe. Thereafter, a careful 
watch must be kept on the urine to give early warning of a recurrence in the 
opposite kidney. 

In bilateral disease treatment is usually exclusively medical though there is 
occasionally a place for partial nephrectomy, when a cavernous lesion in one 
pole is accompanied by corticallesions in the opposite kidney. 

3. Advanced lesions 

Advanced tuberculous disease is occasionally confined to one kidney, which 
is excluded from the rest of the urinary tract by ureteric obstruction and con-

Fig. 100. Right renal tuberculosis. Intravenous pyelogram in a boy aged 14 years with extreme frequency and 
dysuria. Urine contained large numbers of tubereIe bacilli. Bladder spastic and acutely inflammed and cathe­
terization of ureters was not possible. Pyelograms show gross hydronephrosis and cavity formation in the right 
kidney, mild hydronephrosis on the left. Right nephrectomy performed: frequency much improved and left 

hydronephrosis returned to normal. Urine rendered tubereIe negative 

verted into a bag of partially calcified caseous material. eure is not achieved 
by this process of exclusion, and such kidneys should be removed. 

Much more frequently the advanced lesions involve the lower urinary tract, 
and often both kidneys. Bladder symptoms are then acute and extremely dis­
tressing; ten minute frequency is accompanied by urge incontinence and dysuria. 
Thereis an irregular fever, and often considerable loss of weight. Pyelograms 
show extensive excavation of the renal substance, with ragged cavities and a 
dilated renal pelvis and ureter; the bladder is small and spastic and there is often 
dilatation of the opposite ureter in unilateral cases. This dilatation of the un­
infected side is at first due to the diminished bladder capacity which results from 
spasm and oedema and it is therefore recoverable on chemotherapy. Later the 
bladder becomes thickened and incapable of expansion while the intramural 
ureter is stenosed, so that the ureteric dilatation can only be relieved by surgical 
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treatment. In the child the ureter becomes dilated much more readily than in 
the adult, and reversible dilatation is, therefore, much more likely to be seen. 
It may lead to the erroneous diagnosis of bilateral infection, and the severity 
of bladder involvement often makes it impossible to pass ureteric catheters to 
obtain differential specimens. However, the dilated calyces of the healthy kidney 
are smooth in contrast to the ragged edges of the tuberculous cavities (Fig. 100); 
in cystograms reflux commonly occurs on the infected, but not on the healthy side, 
and if the pyelograms are repeated after six weeks on medical treatment, it may 
be found that the bladder spasm has relaxed, and the healthy ureter has returned 
to normal calibre. The blood urea is often raised in the acute phase of these 
unilateral cases, a fact which has been attributed to a tuberculo-toxic nephritis 
(CAMPBELL), though the pathological evidence for such alesion is poor. The blood 
urea, like the dilatation, will return to normal when the disease is controlled by 
chemotherapy and by excision of the infected kidney and ureter. 

As in the early ulcerative lesions, therefore, treatment is both medical and 
surgical: the greater number of bilateral cases in advanced disease, however will 
limit the scope of surgery and increase the mortality. Unfortunately even the 
elimination of the infection by nephrectomy in unilateral cases does not necessarily 
lead to cure where the bladder involvement has been severe: healing may lead 
to extreme fibrosis in the detrusor and contraction of the bladder capacity 
causing progressive hydronephrosis of the remaining kidney. It is rare for this 
stage to be reached in childhood, but ileo-cystoplasty or diversion of urine 
will almost certainly be required. 

4. Lesions of the male genital tract 
Most English and American writers find tuberculous epididymitis very rare 

in children, and usually accompanied by advanced urinary tract disease and 
prostatitis, often with multiple cutaneous fistulae. 

GARIBALDI and GAMBETTA have emphasized a very different aspect in re­
porting seven cases of children with hydrocele, which when emptied allowed 
palpation of a nodular and enlarged epididymis. The fluid withdrawn contained 
albumin and pus cells, and the Mantoux reaction was positive, but no tubercle 
bacilli were isolated from the fluid or the urine in the majority. The prognosis 
was favourable. 

IV. Chemotherapy 

While the general principles upon which the sanatorium treatment of tuber­
culosis rests are unlikely to change, new drugs and new combinations of drugs 
appear with great regularity, so that it is unlikely that any single regime will 
receive universal approval or even retain its popularity with those who have 
devised it. Since no large series of affected children is available in any centre, 
the regime must naturally be based on current practice in adults, modifying only 
the dosage. 

LATTIMER writing in 1955 recommended the following course for cortical 
lesions: 

Streptomycin 20 mgmjkilojtwice weekly in a single injection. 
Isoniazid 5 mgmjkilojday in three doses. 
Para-amino-salicylic acid 6-12 mgmjday in 3 doses. The streptomycin should 

be administered for six months and other drugs for at least a year. 
For the ulcerative lesions, the full drug combination should be continued for 

12-18 months, and at least 4 months of treatment should precede nephrectomy. 
Handbuch der Urologie, Bd. XV II 
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J. Calculous disease 

J. Incidence 

Vesical calculus was once the most common surgical disorder of childhood, 
and in some parts of the world it is still a very prevalent complaint, yet in Western 
Europe and America such calculi are now seldom encountered. This dramatic 
fall in the in eiden ce of urinary lithiasis has been associated with a change in the 
nature of the disease so that it becomes possible to distinguish an "endemie" type 
of calculus from the sporadic form now commonly observed. This distinction 
must be borne in mind when assessing the statistics relating to stone in children, 
since any collected series is likely to include a considerable proportion of the 
endemie cases, and may therefore suggest certain conclusions which are not 
applicable to the current problem. 

Although the relative proportions of the different types may vary, urinary 
calculi in children do not differ in structure or composition from those found in 
adults, and for a general discussion reference must be made to Volume X of this 
work. Children of all ages may be affected, indeed it would seem that some stones 
must be formed during foetallife: DUGAN reports the passage of urethral stones 
in infants of 4 days and 8 days of age. In a large collected series WINSBURY­
WHITE found the peak incidence to be between the ages of 3 and 10 years, but 
WINKEL SMITH notes that two thirds of his patients developed their calculi 
before they were 5 years old, and it is my view that the majority now presenting 
for treatment begin to form stones during the first two years. BUGBEE and 
WALLSTEIN comment on the frequency with which stones were found at post­
mortem on infants under the age of 12 months, but several of the calculi they 
describe were very small, and the relation of these minute concretions to calculi 
causing clinical signs is not established. 

Boys are more frequently affected than girls; this predominance is very marked 
in the case of the vesical and urethral calculi, but is also found in cases of upper 
urinary tract calculi; thus WINKEL SMITH found the ratio of males to females 
to be as 3: 1. 

The symptoms and signs of calculous disease vary with the type of stone as 
weIl as with its position in the urinary tract: it will be necessary therefore to 
consider the problem from both these aspects. 

11. Aetiological classification 

The precise mechanism of stone formation is scarcely ever clear yet in a number 
of cases we can identify a predisposing cause. Probably this identification is more 
often possible in children than in adults: thus MYERS reviewing aseries from 
the Hospital for Siek Children, Great Ormond Street, was able to indicate the 
predisposing factor in 39 out of 85 cases. Moreover, although no exact patho­
genesis emerges, the aetiological groups which can be defined are of considerable 
importance in treatment and in the prevention of recurrence. 

1. Endemie ealeuli 

In any community in which stone is found to be a common disorder of child­
hood, a characteristic disease pattern appears. The children of the poorest 
classes of society are chiefly involved, and the male predominance is most 
marked. The stones are found more often in the bladder and urethra than in 



Calculi complicating congenital abnormalities of the urinary tract 163 

the upper urinary tract. The urine is often sterile, and uric acid and urates are 
the chemical substances forming the greater part of the stones. Modern reports 
of this type of calculus come from THOMPSON in China, MCCARRISON in India, 
NOBLE, and later PASSMORE in Siam, BRUN in Tunis, BROWN and BROWN in 
Syria, REYES and FLETCHER in the Phillipines. Thus THOMPSON discusses a 
series of 3,492 cases of which 25 % were under 10 and 45 % under 20 years of age; 
the distribution according to position was as folIows: renal, 5 cases; vesical 
2,962 cases; urethral 409 cases; preputial 119 cases. Stones were composed of 
uric acid or urates in 78 %. VYAS, however, reports a smaller proportion of urate 
stones in India. There is no doubt that lack of thorough investigation partly 
ac counts for the comparative scarcity of the upper urinary tract calculi, but this 
factor eannot be held entirely responsible. LETT has given some interesting 
figures from the London Hospital which cover the period during whieh the endemie 
ealculus was becoming uneommon in England ; the ineidenee of stone in the upper 
tract remained constant, while lower urinary calculi beeame rare. 

Bite and sex incidence 01 urinary calculi in children (LETT) 

Year Period Renal Ureteric Vesica/. 

1905-09 
191O~14 
1915-19 
1920-24 
1925-29 
1930-35 

M F M F M F 
3 2 3 16 1 
6 3 10 II 5 
6 1 1 10 1 
8 6 1 2 13 
4 6 1 2 1 
3 3 2 2 1 

Urethral 
M' F 
1 8 
1 
2 

15 
1 
1 

In discussions on the aetiology of the endemie calculus many faetors have 
been eonsidered at length in the literature : although this type now occurs for 
the most part in tropieal regions, and dehydration has been suspeeted as a 
eause, in times past temperate zones were also affeeted. The disease has always 
been rare in Negroes, but otherwise, raee does not appear to play an important 
part, and there can now be little doubt that a dietary defect is the most signifi­
eant faetor. Stone has been eommon where the diet has been poor and has eon­
sisted very largely of cereal foods without the addition of milk or milk products. 
MCCARRISON reviewed in detail the diets in India in regard to the incidenee of 
stone and reached the conclusion that a deficiency of Vitamin A of animalorigin 
was the factor primarily responsible. This author also points out that stone is 
common where wholemeal bread forms a substantial part of the diet, but is 
rare where the white loaf has been adopted; he suggests the possibility of a 
dangerous substance in the former. PASSMORE regards the Vitamin A deficiency 
theory as untenable in Thailand and again postulates an unknown toxic factor. 
All authors agree that an enrichment and diversifieation of the diet will assist 
in the prevention of stone. There is nothing to suggest that the factor responsible 
for the formation of endemie calculi is operative in the sporadic cases whieh are 
considered in the following sections. 

2. Calculi complicating congenital abnormalities 01 the urinary tract 

In the Great Ormond Street series, 25 out of 85 eases fell into this group, and 
it is clear that congenital abnormalities play a larger part in caleulous disease 
in ehildren than in adults. The stones are composed of calcium phosphate as a 
rule, though if there is a complicating urinary infeetion, ammonium magnesium 
phosphate will also be deposited. Urinary stasis in a dilated passage is presumably 

11* 
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the factor predisposing to stone-formation: the majority of cases are hydrone­
phroses due to congenital pelvi-ureteric obstruction, and mega-ureters without 
reflux (Figs. 101 and 102): the stones themselves do not often alter the symptoms 
which are due to the primary abnormality, and in treatment the elimination of the 
stasis is at least as important as the removal of the stone. 

3. Recumbency calculi 
Stones may form in the kidney, ureter or bladder as a result of immobilization 

and in the past they have been a common complication of osteomyelitis, bone and 

A B 
Fig. 101 A and B. Renal and ureteric calculi with dilated ureters. A Straight X·my; B Retrograde pyelograms. 
Boy aged 3 years suffering from haematuria. Multiple calculi in both kidneys and ureters : the ureteric dilatation 
ceased abruptly 1.5 cm above the bladder without evident extrinsic obstruction. Bilateral re·implantation of 

ureters into bladder and rem ova l of stones 

joint tuberculosis, and poliomyelitis. It is generally believed that stasis of urine 
and excessive excretion of calcium consequent upon decalcification of the bones 
are the factors responsible, though other mechanisms have been suspected (e.g. 
hypervitaminosis D: MAWSON). The concretions usually consist of crystalline 
calcium phosphate in the first instance and are formed as a loose " sludge" 
in sterile urine, but with the passage of time and the onset of infection, tripIe 
phosphate is added and a true stone is formed. The first evidence of the 
disease is often a bout of haematuria following an unusual movement such as 
that involved in the change of a pIaster cast, or the presence of pyuria may be 
noted on routine examination. The sludge may be passed spontaneously with 
the resumption of active movements or with diuresis, and with good management 
recumbency calculi should not occur. STEVENSON has described the regime of 
high fluid intake and the compound pulley suspended beds used in an ortho­
paedic unit as a prophylaxis, and notes also that the use of aluminium hydroxide 
gels has a place in reducing the phosphate output. Once large solid stones are 
formed, they must be treated surgically. 
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4. Foreign body calculi 
The natural curiosity of children is apt to lead to the introduction of foreign 

bodies into one orifice or another, and a wide variety of objects have found their 
way into the bladder, particularly in the female child. Except in areas where 
stone is endemie, the presence of a solitary calculus in the bladder should always 
give rise to the suspicion of a foreign body, but it should be noted that calculi of 
similar origin can also arise in the upper urinary tract. "Bobby pins" and similar 

A B 
Fig. 102 A and B. Calculi in kidney and dilated ureter. Plain X-ray and intravenous pyelogram in a boy aged 
two years with general ill-health. found to have chronie pyuria. Nephro-ureterectomy fperformed : stones 

composed of calcium phosphate . 

objects when swallowed by small children are apt to penetrate the second or 
third part of the duodenum, and then come in contact with the renal pelvis or 
ureter: at this stage they may betray their presence by causing haematuria and 
a urinary infection, or they may remain symptomless for a long while and be 
responsible for stone formation and pyonephrosis (BILGER and GREINER). BRATT­
STROM has also recorded the ascent of the ureter by grass straws in a 13 year old 
boy, while penetration from the abdominal wall by needles is also a possibility 
(BLAINE). 

5. Cystine calculi 
Although cystine calculi are often regarded as something of a rarity the 

decrease in the general incidence of stone in children has given them a greater 
importance, and they may be expected to account for at least 5 % of cases in 
England. They are formed by simple precipitation from urine which contains 
cystine in high concentration and occur therefore only in subjects with cystinuria. 
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This is a congenital and often a familial disorder of the renal tubules (entirely 
distinct from cystinosis, see p. 225) in which there is a failure of reabsorption, 
and consequently an excessive urinary loss of cystine, lysine and usually arginine. 
The blood levels of these substances are normal and there does not appear to be 
any abnormality of cystine metabolism (DENT and RosE). Some degree of 
cystinuria may be detected fairly frequently in the general population (1 in 600 

Fig. 103. Cystine calculus. Plain radiograpb in a boy aged 7 years 
investigated for mild abdominal pain. Sterile urine and no bistory of 

infectiou. Pyelolitbotomy performed 

normal subjects, LEWIS) 
but the investigations of 
HARRIS and WARREN have 
shown that cases fall into 
two groups: first those in 
whom the cystine reaches a 
high concentration in the 
urine (500-] ,400 mgmj24 
hours in adults) and in 
whom stone formation oc­
curs in about 50% of cases, 
and second those with lower 
concentrations in whom 
stones are rare. The former 
group were thought to be 
genetically homozyous for 
the cystinuria gene and the 
latter heterozygous; some 
of the families investigated 
consisted only of normal 
subjects and those with 
high cystine excretion ; 
others showed normal, ho­
mozygous, and hetero­
zygous types. 

Cystine stones are first 
formed in sterile urine, 
they frequently consist of 
almost pure cystine, but 
when secondary infection 
is present other crystalline 
or organic material may be 

added. All are opaque to X-rays and will be evident in any good radiograph, 
though the shadow is not as dense as that produced by so me calcium stones. 
They may occur at any level in the urinary tract, and small ones are not 
infrequently passed. When retained in the pelvis, they often assume a dendritic 
form (Fig. 103). The symptoms of cystine stones do not differ from others 
similarly placed, but as the urine is often sterile, there is a considerable danger 
of insidious destruction of the kidney before symptoms appear. 

The medical treatment of cystine calculi has been weIl reviewed by DENT 
and SENIOR; they have shown that the total daily output of cystine is constant 
for any individual, but that cystine is soluble in dilute alkaline urine, and that 
during diuresis existing calculi are reduced in size. Since they find it impossible 
to keep the urine constantly alkaline they advocate a continuous forced polyuria: 
so much fluid is taken that nocturnal micturition is the rule, and by drinking 
during the night the normal nocturnal concentration of urine is avoided. This 
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line of treatment may be the only one required where stones are sm all and likely 
to pass spontaneously; it will supplement surgery where the early removal of a 
vesical calculus or an ohstructing renal calculus is required. The arduous routine 
of diuresis must be continued throughout the life of the patient, since he will 
always be liable to recurrence if the cystine concentration of the urine is allowed 
to rise. In some of my cases, children have been kept free from recurrence by 
continuous alkaline therapy, but regular supervision and frequent X-rays are 
required. 

The relatives, and particularly the sibs, of cystinuric children should he 
examined, and if their urine contains a high concentration of cystine, even in 
the absence of stone, a prophylactic polyuria should be advised. 

6. Xanthine calculi 

Xanthine calculi are exceedingly rare, yet the majority have had their origin 
in childhood. 

They are relatively translucent to X-rays and small on es may not cast a 
shadow in a plain film of the abdomen. They are associated with an inborn error 
of purine metabolism resulting in excessive excretion of xanthine (BERMAN, 
BROWN, DENT and PHILPOT, KRETSCHMER). 

7. Calculi associated with nephrocalcinosis 

The term nephrocalcinosis describes simply the presence of calcium deposits 
in the parenchyma of the kidney, and should not be applied to any particular 
disease process. Microscopic nephrocalcinosis, not demonstrable by clinical 
radiology, is very common in infants dying of all causes (ANDERSON) and BODIAN 
has stated that calcium deposits in and around the renal tubules are found in 
11 % of otherwise normal kidneys in post-mortems on children. Randall's 
plaques, deposits lying under the epithelium of the calyx, are however less common 
than in adults. Microscopic nephrocalcinosis of a more severe degree is character­
istic of certain pathological states, e.g. Vitamin D intoxication, mercury or 
sulphonamide tubular necrosis, and idiopathic hypercalcaemia (SCHLESINGER 
et al.), but in none of these are the deposits sufficient to show up in plain X-rays 
of the abdomen and in none is nephrolithiasis a likely complication. Radiologically 
demonstrable nephrocalcinosis is of greater relevance to the present discussion 
since associated stone may be found; the common causes must therefore be 
briefly reviewed. 

a) Hyperchloraemic acidosis, infantile renal acidosis (LIGHTWOOD et al.) 

In this syndrome the infant usually presents with failure to thrive, vomiting, 
loss of weight, constipation and severe attacks of dehydration. There is a defect 
of the renal tubular function concerned with the production of an acid urine, and 
the characteristic findings are polyuria with a persistently alkaline urine despite 
a low plasma bicarbonate level (less than 18 meq/L after re-hydration). The serum 
chloride level is raised but the blood urea is only up during attacks of dehydration. 
LIGHTWOOD et al. found some radiological evidence of calcification in 13 out of 
35 cases, but stones in the infantile form, though recorded by ISRAELS et al., are 
rare and the disease is seH limiting provided the child is carried through the 
biochemical disturbances. There is however, a more severe form of hyperchloraemic 
acidosis (ALBRIGHT and RIEFENSTEIN) encountered in older children and adults 
in which the tubular defect appears to be incurable and its effects serious and 
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persistent. Calcium deposits in the parenchyma, chiefly in the pyramids, are 
clearly seen in X-rays and nephrolithiasis is common. The stones are usually 
small and pass spontaneously, causing recurrent colic. Most are composed of 
calcium phosphate, though some urates and oxalates may be found. The urine 
which usually contains a slight excess of pus cells, is often sterile, but severe 
pseudomonas pyelonephritis has been described by RUTLEDGE et al. 

b) Oxalate nephrocalcinosis 

This is a rare but weIl defined condition (Fig. 104) which has been described 
by AIWHER et al., DIETInCH, DAVIS et al., MULLOY, NEWNS and BLACK, ApONTE 
and FETTER and NEUSTEIN et al.; it is a familial disorder and ultimately fatal 
because of renal faHure. Affected children have repeatedly passed oxalate 

Fig. 104. Nephrocalcinosis. Straight X-my in a boy aged 6 months. 
Two months before he had been fully investigated for urinary infection, 
and no abnormality was then found. Reinvestigation after haematuria 
showed bilateral nephro-calcinosis with a small stone in the ureter. 
Urinary output of oxalate found to be enormously illcreased above 

average. 

stones and post-mortem 
examination has shown de­
position of oxalate crystals 
in the renal parenchyma. 
The urinary output of 
oxalate has been excessive 
and the blood uric acid has 
been raised in some cases, 
even in the absence of renal 
failure. No effective treat­
ment is known. A familial 
incidence of oxalate calculi 
without nephrocalcinosis, 
and with a comparatively 
good prognosis has been 
noted by GRAM and by 
MYERS. 

c) Hyperparathyroidism 
N ephrocalcinosis and 

nephrolithiasis due to pri­
mary hyperparathyroidism 
are exceptionally rare in 

children, though a case has been reported in a boy of 13 years by BICKEL. 
PUGH, and PHILLIPS have recorded younger cases of parathyroid disease without 
stones. 

d) Pyelonephritis, renal hypoplasia and glomerulo-nephritis 

Nephrocalcinosis may be found in the chronie forms of these conditions, 
though it is rarely possible to demonstrate it radiologically. 

e) Miscellaneous 

PITTS et al. have recorded nephrocalcinosis in a familial form without bio­
chemical disturbances; the stones passed were of phosphate composition. NAYLOR 
has described nephrocalcinosis in hypothyroidism. Some minor degree of nephro­
calcinosis is not infequently discovered in children with idiopathic calculi when 
the kidney, exposed at operation for nephrolithotomy, is X-rayed; the exact 
significance of this type of calcification cannot be assessed at present. 
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8. Stones in congenital cystic dilatation of the collecting tubules 
DELL' ADAMI and BORELLI have described the formation of stones in a child 

aged 7 years, with cystic dilatation of the tubules running through the pyramids. 
The case apparently corresponds with those reported in the French literature as 
Rein-en-eponge (e.g. LHIZ) and by VERMOOTEN under the term congenital cystic 

]<'ig. 105. Multiple phosphatic calculi. Plain X·ray in a boy aged 5 years with pyuria and haematuria. The left 
ureteric calculus was removed first; at later operations both kidneys were split to remove the calculi from the 

calyces 

dilatation of the collecting tubules. Very little is known about the disease, which 
has usually presented with haematuria and stone formation in middle life. 

9. Idiopa.thic calculi 
When all the known predisposing factors in stone formation häve been con­

sidered, there remains a large number of cases for which no cause can be found: 
in the Great Ormond Street series approximately half the total number fell into 
this group. The stones in these cases were almost always composed of phosphate 
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in various combinations, and oxalate stones were rare; this observation is an inter­
esting contrast to that of WINKEL SMITH who reported a comparable series from 
Denmark, but found that oxalate was the predominant chemical substance in­
volved. CAMPBELL, in America, states that in half his cases the stone was composed 
of phosphate, and in half of urates, so that even in areas where stone is not 
endemie there appears to be some local variation. 

Isolated ureteric calculi, or solitary calyceal calculi, which form a large pro­
portion of the total number of adults, are much less often found in children, and 
are seen chiefly in the later years of childhood. The common type of idiopathic 
calculus is renal in position, and frequently takes on a dendritic outline. Multiple 
calculi affecting both kidneys and perha ps the ureters as weIl are common (Fig.l 05), 
and very often appear during the first two years of life. Infection is present in the 
great majority, Proteus vulgaris being the characteristic organism; occasionally 
it is observed that a stone develops in a child who has previously suffered a severe 
pyelonephritis, the first investigations having demonstrated anormal urinary 
tract. It is reasonable to postulate therefore that pyelonephritis may play some 
part in the pathogenesis of the stones, perhaps by damaging the epithelial lining 
of the urinary passages or the lymphatic pathways, perhaps by interfering with 
tubular function and allowing excessive excretion of calcium. Some of the affected 
infants have had a previous illness, such as pyloric stenosis, and it is possible 
that an episode of dehydration may be the starting point of stone formation. At 
times a child seems to go through a stone forming period, and then pass out of 
it, so that although all the circumstances seem favourable to continuing deposition, 
none occurs. This fact is a considerable encouragement to undertake major 
operations to free the kidneys from stone in early life. 

111. Regional classification 

1. Renal calculi 

All the recognized types of renal calculus may be found during childhood, 
though the solitary calyceal oxalate stone is rare. In infants the characteristic 
forms are the dendritic calculus, and multiple small calculi in the renal pelvis and 
in the calyces, causing little urinary obstruction but associated with a severe 
pyelonephritis. The symptoms are commonly those of urinary infection with 
perhaps some pain in the affected loin; cases are often investigated because of the 
failure of the pyuria to respond to ordinary medical treatment. Surgical removal 
of this type of calculus is often difficult, the kidney may have to be split to 
allow extraction, and X-ray pictures of the exposed organ are essential, but 
conservative surgery is weIl rewarded and nephrectomy should only be performed 
where there is advanced destruction of the renal parenchyma in recurrent cases. 

Obstructing pelvic calculi cause hydronephrosis or pyonephrosis and are 
responsible for severe renal pain. A secondary stricture at the pelvi-ureteric 
junction may result from the presence of such a stone and if uncorrected will 
cause recurrence. It is quite common to see mild dilatation of the lumbar ureter 
below such a stone; this dilatation is abolished by stimulation of the exposed 
ureter and does not indicate any obstruction, it is referred to as lumbar ureterec­
tasis (Fig.IQ6). Occasionally a pyonephrosis develops with the minimum of 
symptoms and presents as a renal tumour as in the example illustrated in Fig. 107. 

Multiple calculi not infrequenly complicate hydronephrosis due to pelvi­
ureteric obstruction, either with or without infection. The symptoms are essen­
tially those of the obstructed kidney or of the urinary infections. The simple 
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removal of the stone is inadequate, either a plastie operation on the pelvi-ureterie 
junetion or a nephreetomy must be performed, but the presenee of stone need 
not influenee the ehoiee of eonservative or radieal surgery. Stones mayaiso be 
found in ealyeeal divertieula and in that situation often require no treatment 
unless there is a reeurrent urinary infeetion. Anomalous kidneys (malrotated, 
fused or eetopie) are liable to 
stone formation even where 
there is no great dilatation 
of the pelvis and in unilateral 
eases nephreetomy is advis­
able, sinee reeurrenee is likely 
after simple pyelolithotomy. 

2. Ureteric calculi 
In my experienee small 

ealeuli in the ureter eausing 
eolie are ehiefly found in 
older ehildren; the pain may 
be eharaeteristie but is often 
poorly loealized, and on the 
right side may be attributed 
to appendieitis. CAMPBELL 
and other Ameriean authors, 
however, indieate that renal 
eolie with the passage of 
ureterie ealeuli is not infre­
quent in infants, and it is 
interesting to note that in a 
series from Canada (J ACKSON) 
9 out of 32 stones were pas· 
sed spontaneously. Where a 
stone is held up in the ureter 
endoseopie instrumentation 
is not to be advised in 
ehildren and open operation 
should be performed. 

Fig. 106. Bilateral stag·horn calculi with lumbar ureterectasis. 
Intravenous pyelogram in a boy of 5 years with chronic pyuria and 
backache. No stone had been passed and there was no evidence of 
obstruction below the dilated lumbar segment of the ureter. Phos­
phate calcllii treated by pyelolithotomy: later partial nephrectomy for 
recurrence in lower calyx on thc left: pJastic operation for acquired 

stricture of the pelvi-llreteric jllnction on the fight 

Large stones forming in otherwise normal ureters may be found in reeumbeney 
eases, partieularly poliomyelitis (McKAY and BAIRD). Stones eomplieating mega­
ureter are relatively frequent; the mega-ureter is of the type assoeiated with the 
normal or stenosed uretero-vesieal junetion, and stone will not form where there 
is free reflux of the bladder urine. Typieal stones are large, rounded and are 
very freely movable up and down the ureter; they may eause haematuria or a 
mild pain, but are quite often found during the investigation of pyuria due to the 
dilated ureter itself. The simple ureterolithotomy is never enough in these eases: 
the lower end of the ureter must be widened or re-implanted into the bladder, or 
in strietly unilateral eases nephro-uretereetomy may be the best treatment. 

Caleulus anuria is a rare but urgent manifestation and has been reported by 
DEHERRIPON in an infant of three months. 

3. Vesical calculi 
Stone in the bladder is eharaeteristie of endemie ealeulous disease, but apart 

from this is rare and liable to be assoeiated with foreign body orwith multiple upper 
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urinary tract calculi. Symptoms are characteristic : there is a severe pain radiating 
into the genitalia with frequency and urgency of micturition. Boys are apt to 
grasp the penis to ease the pain, and perhaps to prevent the urge incontinence; 
consequent bathing of the hand in urine may lead to ammoniacal dermatitis of 
the palm (le signe de la main; BRuN). In a similar way girls often handle the 
genitalia and in both sexes masturbation is common. Retention of urine may 
result from impaction of the stone at the neck of the bladder, and in small infants, 
in whom frequency of micturition is unlikely to be noticed, a distended bladder 

I I 
(J 1 

I I 
2 J 5 6 

I I I 
8 9 70cm 

Fig.l07. ealeulous pyonephrosis. Operative specimcn from a boy ttged 41[, years with a long history of general 
ill-health , and a hard renal swelling. X-ray showed several calcifications within the renal area: there was no 

function evident in the intravenons pyelogram. Recovery after nephrectomy 

is often found. Rectal prolapse associated with strangury is characteristic 
(MUKHERJEE) and BRuN describes a case in which the straining produced a 
complete uterine prolapse in a girl of three years. When the urine is infected 
frequency and urgency become extreme and if the condition is left untreated it 
will lead to enormous thickening of the bladder wall, dilatation of the upper 
urinary tract, and ultimately to death from renal failure. Stone is an occasional 
complication of bladder neck obstruction, in which there will also be hypertrophy 
of the bladder (e.g. GOLDBERG) but this manifestation of chronic lower urinary 
obstruction has not been common in my practice. 

Litholapaxy should only be performed in older children, and only where 
there is a smalllithotrite available. In general a cystotomy and removal of the 
calculus by the suprapubic route is much to be preferred as the possible trauma 
to the urethra is thereby avoided. Where the urine is sterile the bladder may be 
closed without even an indwelling catheter, provided suturing is accurate. 
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Stones are partieularly liable to form in the reeonstrueted eetopie bladder; 
the museulature of sueh an organ is usually defieient and probably the stasis that 
results from inadequate eontraetion predisposes to the stone formation. 

4. Urethral calculi 

Urethral ealeuli are eommon in areas where stone is endemie, but rare else­
where. Temporary impaetion may oeeur in the posterior urethra, in the bulb 
01' the penile urethra; sueh impaetion eauses retention and at tim es extravasation 
of the urine as reeorded by SUKHA v AN AM. Simple man oeuvres usually suffiee either 
to push the stone baek into the bladder 01' to extraet it from the penile urethra, 
but operative rem oval may be required. In the female urethral impaetion is 
very uneommon, though a ease has been reeorded by BEGG. Stones in a dilated 
prostatie utriele have been deseribed in a boy of 3 years by SCHÖNLEBE whieh 
radiologieally resembled ordinary prostatie ealeuli. 

Divertieula of the anterior urethra may eontain a nest of small ealculi whieh 
are easily palpated from the perineum (BAZLIEL). 

5. Preputial calculi 

Apart from simple concretions of smegma, preputial ealeuli may be pure 
urinary stones whieh have beeome imprisoned in the dilated preputial sae behind 
phimosis, or may consist of a mixture 01 smegma and urinary salts. WJNSBURY­
WHITE quotes a case in a ehild of 2 years, and JOLY has reported a very large 
ealeulus in the prepuee of an 8 year old boy. 

6. Calculi outside the urinary tract 

Stones are oecasionally formed in the vagina in cases of urinary incontinence, 
particularly where there is epispadias in the female and the urine is continually 
dripping back into the vagina. In atresia ani urethralis where the lower rectum 
has been defunetioned by colostomy the persistent recto-urethral fistula may 
allow the urine to triekle back into the rectum, and faeeoliths may be infiltrated 
by urinary salts and simulate true stones. 

IV. Management of calculus cases 

1. Diagnosis 
Except for the actual passage of the stone there is no symptom whieh is 

pathognomie of urinary lithiasis, and outside the endemie areas the great majority 
of cases present with symptoms which might indicate many forms of urinary 
tract disease. Stones may be palpated in the urethra, in the bladder and somc­
times in the lower ureter by rectal examination, and in the same situations they 
may be visualized at endoseopy. In all other cases relianee must be plaeed on 
X-rays, and again with the exeeption of endemie disease non-opaque caleuli are 
rare. CAMPBELL states that approximately 10% will fail to east a shadow, but 
no such stone has been eneountered in aseries of 85 eases at Great Ormond 
Street. 

Simple diagnosis of stone is never suffieient: every endeavour should be made 
to identify a predisposing faetor and to estimate the secondary effeets resulting 
from the presencc of the stone. Intravenous pyelography, bacteriological exami-
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nation of the urine, estimation of the blood urea and serum electrolytes, and 
testing the urine for cystine are essential preoperative investigations in every case. 

2. Treatment 
Active treatment is required in alm ost aIl cases, though a few stones will 

pass without surgical assistance, and even fewer may be safely left in situ. Assess­
ment of the likelihood of spontaneous passage of the stone must depend largely 
upon the experience of the surgeon and no definite rule can be laid down; much 
depends upon the shape and situation as weIl as upon the size of the stone. Where 
operative intervention is necessary, the operation performed must aim not 
only at removing the stone but also at eliminating stasis in the urinary tract. 
Pelvi-ureteric obstruction whether congenital or acquired must be overcome, 
mega-ureters must be allowed to drain freely into the bladder even at the cost of 
allowing a reflux. Individual dilated calyces may sometimes require obliteration 
by partial nephrectomy, diverticula of the bladder or urethra must be excised. 
Urinary infections frequently require careful treatment, and prolonged chemo­
therapy. 

3. Prevention of recurrence 
Where a specific aetiological factor is found corrective measures can often be 

undertaken with success, as for instance in the control of cystine or recumbency 
calculi which have already been discussed. In the idiopathic group greater 
difficulty is encountered: therapeutic diuresis is the only measure which has 
universal approval now that dietary treatments have largely fallen into disfavour, 
and in the majority of uncomplicated cases, the recurrence rate at present observed 
is not so great as to suggest the need for any other prophylactic regime. In the 
damaged and infected kidneys, however, some precautions are desirable. Acidi­
fication of the urine does not entirely prevent the formation of calcium phosphate 
stones, and in the difficult cases with chronically infected urine, it is very diffi­
cult to achieve, because of the activity of urea splitting organisms. SHOER and 
CAR'l'ER were able to show that the administration of aluminium hydroxide gels 
(Aludrox 20-40 ccs t.d.s.) leads to the retention of phosphate in the bowel, 
and so lowers the phosphate content of urine. This measure undoubtedly slows 
the rate of growth of phosphate calculi, and has been of assistance in my cases 
(ECKSTEIN). Salicylic amide (PRIEN and WALKER) treatment, which aims at 
chelating the calcium salts in the bowel mayaIso prove useful, but is still under 
trial. BUTT has advocated the administration of hyalase in order to alter the 
surface tension of urine, and so to assist the "protective action" of the urinary 
colloids; in practice, the measure has met with little success, and a daily sub­
cutaneous injection adds considerably to the child's burden. 

In children with oxalate calculi, the prohibition of fruits such as strawberries, 
rhubarb, tomatoes etc., which contain large amounts of these substances may be 
advisable, and this restriction certainly lowers the level of the urinary oxa.lates. 

K. Neoplastic disease 

1. Neoplasms in infancy and childhood 

With improvements in nutrition, and with the increasingly effective control 
of infections, neoplastic disease has now assumed an important place in the list 
of causes of death during childhood. 
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Some indication of the prevalence of malignant conditions is given by the 
following figures taken from the report of BODIAN and WHITE. 

Registrar-general's returns of England and Wales 1949 

Age Group 

1-4 
5-9 

10--14 

Total Number 
of Deaths 

Excluding Accidents 

3771 
1411 
1230 

Deaths due to Malignant 
Conditions, 

inclnding Leukemia 

343 9.1 % 
172 12.2% 
146 11.9% 

Tumours treated at the Hospital fOT Siek Ohildren 1930-1952 
Total . . . . . . . . . . . 390 Ovarian tumours . . . . 6 
Nephroblastoma . . . . . . 62 Testicular tumours . . . 9 
Urogenital sinus tumours .. 12 Adrenal carcinoma . . . 4 

The second table indicates that approximately a quarter of all malignant 
tumours in childhood come within the province of the genito-urinary surgeon, 
and the fact that all these are tumours for which surgical treatment is increasingly 
successful emphasizes the importance of the topics to be discussed in this chapter. 
In addition, there were 82 cases of neuroblastoma in BODIAN and WHITE'S series; 
the majority of these were sited in the adrenal gland or in the abdominal sympa­
thetic system, and therefore likely to come under the urologist's care. In this 
group, however, it seems likely that chemotherapy and radiotherapy will ulti­
mately prove more effective than surgery. 

Malignant disease in childhood seldom affects the epithelial surfaces, and the 
long-acting external carcinogenic agents have little influence in initiating neo­
plastic change. The great majority of the neoplasms are embryonic tumours: 
they have their origin coincidentally with the development of the normal organs, 
and frequently exhibit in their histology the various stages of normal differentia­
tion in the tissue from which they arise. Thus in the nephroblastoma, imperfect 
formation of glomeruli and tubules may be found in the midst of undifferentiated 
mesenchyme, while in the teratoma, many tissues may appear in varying degrees 
of maturity. In asense, therefore, embryonic tumours are congenital malformations 
as weIl as neoplasms, but as yet very little is known as to the cause of the de­
parture from the normalline of development. Arecent survey by STEWART et al. 
has demonstrated, however, that malignant disease occurs more frequently in 
children who were exposed to irradiation in utero during the course of diagnostic 
radiological procedures such as pelvimetry. It may weIl be that in the future it 
will be possible to identify other physical or infective agents capable of producing 
neoplasia, similar to those already recognized as favouring the development of 
other congenital abnormalities. 

The use of the term "congenital tumours" in relation to the embryonic 
sarcomata is apt to be misleading, since in the past it has often been applied to 
tumours which are cIinically evident at birth. WELLS has reviewed such cases and 
finds substantiated examples very rare, although as will be seen, several cases 
of nephroblastoma causing difficulties in delivery are on record. In relation to 
the growth of the embryonic tumours, however, the change from intra-uterine to 
extra-uterine life is not an event of any great importance: the tumours usually 
remain quiescent until the second or third year. 

11. The kidney 
1. Nephroblastoma 

Nephroblastoma is much the most frequently encountered neoplasm in the 
genito-urinary system, and has attracted considerable interest from surgeons, 
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pathologists and radiologists: a very large number of papers relating to the 
topic have been published, and only the more important can be referred to in this 
article. Although not the first report of the condition, WILMS' description is 
regarded as classical, and Wilms' tumour has become its common appellation. 
Recent general reviews will be found in the works of CAMPBELL, GROSS and NEu­
HAUSER, HARVEY, HUGUENIN and GERARD MARCHANT, SANSONE and ZUNIN, 
SCOTT (1956) and VUORI. 

a) Incidence 

Nephroblastoma ranks second only to neuroblastoma as the commonest 
malignant tumour of childhood, and accounts for approximately 15-20% of 
deaths from malignant disease during the first four years. It has been recorded 
at all stages of childhood, and even in adult life, but over 90% of cases present 
in children under five years of age. It may on occasion be apparent at birth. It 
shows no predisposition to affect one sex more than the other, and occurs with 
equal frequency in either kidney: at times it is bilateral as reported by CAMPBELL, 
BARR and SCHULTE, JOHNSON and MARSHALL, and SCOTT (1955). The last named 
of these writers has surveyed the literature on bilateral disease and reaches the 
conclusion that involvement of the opposite kidney is usually secondary and 
due to blood borne spread from the first, but many cases without distant meta­
stases are on record, and there are even a number of survivors reported (e.g. GROSS 
and NEUSHAUSER; RICKHAM; PETERSON and JOHNSON). An origin in multiple 
foci may therefore be suspected, and therc is some suggestion of discrete tumours in 
one kidney at times. A familial incidence is rare, but has been described on 
several occasions (MASLOW; FITZGERALD and HARDIN), and three or four mem­
bers of the family may be involved. 

There are numerous descriptions of nephroblastoma arising in kidneys ex­
hibiting some congenital malformation: a double kidney, a horse-shoe kidney 
(e.g. RosE and WATTENBERG, MCGINN and WICKHAM) or a polycystic kidney 
(FEENEY et al.). The tumour may be discovered as an incidental finding at 
operation for the malformation, but more often it is the growth which has been 
responsible for symptoms. Although the multiplicity of reports might suggest 
that the anomalous kidney was more liable to neoplasia than the normal, this 
i8 by no means established, and in the Great Ormond St. series, congenital ab­
normalities were not found more often than would be expected in a random 
sampie. 

An interesting observation has been made by BJORKLUND, who noted that 
many cases of nephroblastoma showed hemi-hypertrophy of the whole body, and 
this phenomenon has been observed in other tumours. The significance of the 
observation is not clear, but it does suggest that infants with hemi-hypertrophy 
should be regularly examined during the first years of life. 

b) Pathology 

A full discussion of the pathology would be out of place in this volume, and 
it will only be necessary here to describe briefly the features which are of particular 
interest to the clinician. The tumour, because of the many histologie al pictures 
which it may present, has received a multitude of names: adenosarcoma, renal 
embryoma, embryonal sarcoma, and congenital mixed tumour being the most 
widely used and the most appropriate; it is generally believed, moreover, that 
many malignant tumours of the kidney formerly described as sarcomata of a 
particular tissue, such as myosarcoma or chondrosarcoma, are in fact usually 
nephroblastomata, and that if sufficient search were made, the characteristic 
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tissues would be found. The following aeeount is based on the review of aseries 
of eases at the Hospital for Siek Children reported by BODIAN and WHITE. 

The tumour arises within the substanee of the kidney, and after a quieseent 
phase enlarges rapidly, eompressing the surrounding renal parenchyma, and 
thinning out the overlying tissue. There appears to be a weIl formed tumour 
eapsule in most eases, and loeal invasion of surrounding tissues is a rare and late 

Fig. 108. Histology of nephroblastoma. Section of a nephroblastoma showing an island of epithelial blastema 
surrounded by young mesenchyme. The morphology of the tubule enclosed in the blastema suggests that it is 
of collecting type (Le. a ureteric outgrowth) and hence not derived by differentiation from the blastema (x 140) 

development. Oecasionally, when tbe tumour has its origin elose to the surfaee 
of the kidney, expansion tends to extrude it from the kidney substanee and it 
takes on the appearanee of an appendage; this type is sometimes described as 
an "extra-renal" tumour. The tumour tissue is soft and white, with firmer 
fibrotie areas; necrosis and haemorrhage are common and may lead to a cystie 
appearanee. 

Histologieally the bulk of the tumour is composed of undifferentiated em­
bryonie tissue, either embryonie mesenchyme or renal blastema (Fig. 108). The 
mesenchymal elements may be differentiated in areas to give rise to eollagenous 
eonneetive tissue, to smooth or striated musele (Fig. 109), to cartilage, or osteoid 
material. Developing renal tubules are frequently found, and a few tumours 

Handbuch der Urologie, Bd. XV 12 
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consist very largely of such tubular structures (Fig. llO) : differentiation of 
glomeruli occurs but is less commonly seen. Developing tubules may be occasionally 
of the collecting tubule type and derived from the ureteric bud tissue, not from 
the metanephros; mitoses are frequently observed in the derivatives of the renal 
blastema, but not in the mesenchymal elements. Attempts at subdivision of the 
nephroblastoma cases in histological sub-groups have not been very successful, 

Fig. 109. Histology of nephroblastoma. Weil developed rhabdomyoblasts differentiating from mesenchyme, 
in a nephroblastoma. This form of heteroplasia is not uncommon, in contrast with the occurrence of cartilage 

but WHITE has noticed that tumours with a high proportion of differentiated 
tubules, and those with a papillary appearance and exhibiting an epithelium of 
the pelvic type with many collecting tubules are more common in the younger 
infants and appear to carry a better prognosis. 

Spread of the tumour is chiefly via the blood stream, and metastases are first 
found in the lungs and liver. In contrast to the adrenal neuroblastoma, secondaries 
in bone are very uncommon. There may be direct and continuous invasion of the 
renal vein, and cases have been seen in which there was asolid column of tissue 
leading up through the inferior vena cava into the right atrium. The early 
appearance of a secondary in the epididymis of the left side is occasional evidence 
of direct venous spread. Lymph gland involvement in this tumour has probably 
received less attention than it deserves, and if a regular dissection of the hilar 
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and para-aortic glands is made, neoplastic tissues will often be found. Local 
extension of the tumour into the retroperitoneal tissues, or across the peritoneum 
is an uncommon and late finding: even less common is spread via the urinary 
tract, though this has been recorded by FERRIS and BEARE, and by W ATKINS. 

The histology of the metastases is in general similar to that of the primary, 
though there may be rather less differentiation. 

Fig. 110. Histology of nephroblastoma. Section 01 nephroblastoma found at autopsy in a male infant of two 
months. There is an advanced degree 01 differentiation of tubules and glomeruli, which are embedded in immature 

mesenchyme ( x 120) 

c) Clinical features 
The onset of a tumour in the renal parenchyma is silent, and most nephro­

blastomata have reached a considerable size before their presence is recognized: 
the finding of an abdominal mass is in fact much the most frequent mode of 
presentation, pain and haematuria being later, and less common features. The 
general condition of the child is often good when medical advice is first sought, 
despite the large size of the tumour mass, but later loss of weight occurs, due to 
vomiting and loss of appetite as weH as to the growth of the tumour. Anaemia 
is a common problem in the later stages. In a few, the first symptoms are those 
of the metastases in the lungs, though this is much less frequent than in the 
case of the adrenal neuroblastoma. The predominant clinical features may now 
be considered severaHy. 

12* 
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ex) Tbe abdominal tumour 
In more than two thirds of the cases in the Great Ormond Street series, 

general swelling of the abdomen or localized abdominal mass was the first ab­
normality noticed, moreover even where other symptoms first drew attention 
to the disease, a tumour was palpable. Although cases have been recorded (e.g. 
CAMPBELL) in which the tumour was an incidental finding at operation, it is 
probably true to say that all those causing any symptoms are palpable provided 
adequate relaxation is obtained, and this fact emphasizes the very great impor­
tance of careful, and gentle, abdominal palpation in infants. The tumour may vary 
from the size of a golf-ball to a mass which fills the entire abdomen: the majority 
are more than 12 cm across; it enlarges forward into the abdomen, bulging across 
the mid-line and up under the costal margin; it extends back into the lumb ar 
region and is palpable bimanually, but is not so liable to form a protruding mass 
in the loin as the adrenal neuroblastoma. The consistence varies from stony 
hard to tensely cystic, and the surface is smooth or coarsely lobulated. The smaller 
tumours exhibit the usual mobility of the normal kidney, the larger ones seem 
fixed even though infiltration of surrounding tissues is not present. The tumour 
can usually be distinguished on clinical grounds from splenomegaly, from ovarian 
and hepatic tumours, from choledochal cysts and from tuberculous peritonitis, 
but great difficulty may be experienced in differentiating the various causes of 
renal swelling and pyelography is sometimes required to establish the diagnosis. 
Hydronephrosis is probably the most common cause of the enlargement of the 
kidney; when unilateral and tense it will closely simulate neoplasm, though it 
is apt to vary somewhat in size from day to day, and when very large transillumi­
nation may be possible. Pyonephrosis is comparatively rare, but resembles 
tumour even more closely (see Fig. 107). Polycystic disease is likely to be bilateral, 
but other forms of cystic disease may mimic nephroblastoma so closely that only 
examination of the excised specimen will decide the issue. Spontaneous venous 
thrombosis in the neonate may cause haematuria associated with a palpable 
enlargement of the kidney, but nephrectomy is required in these cases (see 
p. 230), and the diagnosis may be decided at operation. 

(3) Abdominal pain 
Pain is seldom severe except when the tumour has ruptured, but a mild 

complaint may be the symptom which leads to examination of the abdomen. A 
more continuous aching pain is evidence of local spread. Vomiting may accompany 
the pain, and result from the disturbance of the digestive tract consequent upon 
its displacement by the tumour mass. 

y) Haematuria 
The incidence of haematuria has varied considerably from one series to another; 

in the writer's experience it has occurred in approximately one third of the cases. 
Many authors regard this bleeding as due to rupture of the tumour capsule into 
the renal pelvis, and therefore believe that the symptom indicates a poor prognosis : 
however, bleeding can certainly occur from the compressed renal substance 
adjacent to the tumour, and thus may be of value in drawing attention to an 
early growth. In the case illustrated in Fig. 113 the haematuria was accompanied 
by elevation of the blood urea, and by passage of casts, so that it was at first 
attributed to glomerulo-nephritis; yet on careful palpation the tumour mass 
could be feIt. The loss of blood is seldom great, and cannot be held responsible 
for the development of anaemia. 
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l)) Spontaneous rupture 
This event has been described by TANNER, and by other authors: it has 

occurred in the Great Ormond Street series. There is a sudden onset of severe 
abdominal pain, and in all cases laparotomy has been performed for suspected 
perforation of an abdominal viscus. The peritoneum is found to contain blood 
and tumour tissue: the outcome is invariably fatal even if the child survives the 
immediate dangers, and if nephrectomy is performed. Since however, rupture 
may occur in benign tumours which cannot be differentiated at the time of 
operation, treatment should always be undertaken. 

E) Hypertension 
In many cases the blood pressure in nephroblastoma is never recorded before 

operation under sufficiently controlled conditions, but various authors have 
drawn attention to the occurrence of hypertension in association with this tumour: 
Silver noted it in 7 out of 8 cases. In most the blood pressure has fallen to normal 
after removal of the tumour-bearing kidney (e.g. MOONS and RUCH) or after 
radiotherapy (BRADLEY and DRAKE) and the subsequent appearance of secon­
daries has not led to any recurrence of the hypertension. This fact suggests 
that a compression of the kidney tissue is responsible, but BRADLEY and PIN­
COFFS have reported a case in which the blood pressure did rise again in the 
presence of metastases. It is possible, however, that in this case the opposite 
kidney was involved, for no detailed examination was made. In one of the writer's 
cases reported by Cox and SMELLIE, the child was first admitted to hospital for 
investigation of hypertension, and the tumour was found on routine pyelo­
graphy. 

~) Varicocele 
Distension of the spermatic veins may be seen as a late complication, but 

this is not an early sign. 
Yj) Dystocia 

When it occurs in the foetus, nephroblastoma may cause difficulty in delivery, 
and even obstruct labour. Many of the infants affected have succumbed (J OSEPHS) 
but where an accurate diagnosis is made, and nephrectomy is carried out within 
the first few days of life, long survival is quite possible (SILVER, BERNHEIM). 

8) Metastases 
The symptoms of metastasis are naturally variable: pallor, wasting and 

dyspnoea are the most common. The liver may be enormously enlarged with 
secondary deposits; ascites is comparatively rare. Deposits in the lung may 
cause cough and haemoptysis, and a pleural effusion is often found. 

d) Radiological diagnosis 
Although the clinical examination is often sufficient to indicate beyond doubt 

the need for exploration, and if possible nephrectomy, an intravenous pyelogram 
should always be performed to confirm the diagnosis and to assess the state of 
the contralateral kidney. A ehest X-ray should also be a routine procedure. 

The plain films of the abdomen will show an extensive soft tissue shadow, 
often displacing the intestines to the opposite side. Calcification may be seen 
within the tumour, though it is not as common in nephroblastoma as in neuro­
blastoma. 

The intravenous pyelogram will usually show some evidence of excretion of 
dye in the affected kidney: complete absence of function is more characteristic 
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A 

B 
Fig. 111 A and B. Nephroblastoma. A Intravenous pyelogram 
in a boy aged 3 years with abdominal tumour. The pelvis and 
calyces of the left kidney are splayed out over the surface of 

a tumour. B Operative specimen 

of advanced hydronephrosis orthe 
multicystic kidney. The shadow 
of the pelvis may, however, be 
grossly distorted and displaced, 
SO that it is not at first recognized. 
Lateral views are of assistance. 
There is no typical pyelographic 
appearance of tumour, but most 
cases exhibit one of the forms 
illustrated: 

a) The whole pelvi-calycine 
system appears enlarged, and is 
flattened out on the surface of 
the tumour mass (Fig. Ill). 

b) There is a localized distor­
tion of one pole of the kidney, 
with a filling defect in the calyces 
of that pole (Fig. 112) 

c) A filling defect in the renal 
pelvis, and hydronephrosis of a 
distorted pelvis (Fig. 113). 

d) The pelvis is represented 
by a bizarre shadow at a point 
remote from the normal position 
(Fig. 114). 

Retrograde pyelograms are 
seldom required, since if there 
is a functioning contralateral 
kidney, exploration will be ne­
cessary in all cases. When the 
clinical findings suggest the pos­
sibility of hydronephrosis, how­
ever, and the intravenous series 
is inconclusive, retrograde pyelo­
graphy may be helpful, and it 
will certainly be indicated if there 
is a suspicion of bilateral disease. 

Even after pyelography, dif­
ferentiation from benign tumours, 
simple and multi-Iocular cysts, 
may be impossible, while adrenal 
neuroblastoma may still cause 
confusion. The latter tumour 
displaces and distorts the upper 
pole of the kidney, though it is 
unlikely to obliterate any calyces. 

e) Treatment 
Until recent years the contro­

versy regarding treatment of 
nephroblastoma concerned the 
relative merits of surgery and 
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radiotherapy: all eontemporary writers agree, however, that both methods should 
be employed, and differ only in timing of the procedures. It is true that surgery 
alone eould in the best hands yield encouraging results, and eredit must be given 
to LADD and his fellow workers at the Boston Children's Hospital for showing 
that the great majority of tumours eould be successfuly removed. GROSS and 
NEUHAUSER summarizing the results of that hospital show that the survival rate 
was brought up from 14.9% in 1914-1930 period to 32.2% in the 1934-1939 
period, by immediate nephreetomy. Improvements in anaesthesia and in methods 

Distorlet! Inw r ('al yx 

A B 
Fig. 112 A and B. Nephroblastoma. A Intravenous pyelogram from a boy aged 2 years with haematuria. and 

a palpable left kidney. The lower calyces of the left. kidney are displaced by a tumour of the lower pole. 
B operati ve specimen 

of resuscitation minimized the operative risk, and better exposure through long 
abdominal in'cisions improved aeeess and allowed early ligature of the vessels with 
eomplete clearanee of the regional glands. The same writers report, however, 
that the survival rate was still further improved to 47.3% in the 1940-1947 
period by the addition of post-operative irradiation . 

The protagonists of irradiation alone (e.g. DEAN) were never able to produee 
any considerable series with eomparable survival rates, though "eures" have 
undoubtedly been effected. NESBIT and ADAMS, BIXLER et al., DICKEYand 
CHANDLER, and SAUER report long term survivals with biopsied tumours: in the 
ease of the last author the growth beeame extensively calcified and eould still 
be feIt 10 years later as a hard mass. ADAMS and HUNT, on the other hand suggest 
that many of the survivors were in fact suffering from neuroblastoma, whieh 
they regard as a more radio-sensitive tumour. 

The exeellent results reported from Boston have influenced a great many 
surgeons to favour the programme of immediate nephrectomy followed by early 
post-operative irradiation. This method is employed by the author, and HIGGINS 
has reported from the Hospital for Siek Children a 40% 21/ 2 year survival sinee 
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that programme has been followed. The child is admitted to hospital as an 
emergency, and pre-operation investigations are confined to pyelography, chest 

A 

B 
Fig.1l3 A and B. NephrobJastoma. ARetrograde pyeJogram, B Specimen from a boy aged 5years presenting 

with painless haematuria. The mass was only palpable under anaesthesia . 

X-ray, and blood counts and grouping. Extensive palpation of the tumour is 
not allowed, and the child is kept at rest, as it is believed that increasing the 
tension within the tumour will facilitate metastasis. Nephrectomy is undertaken 
as so on as preparations are complete, and is carried out through a long transverse 
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incision in the upper abdomen, cutting both recti. The colon is reflected back, 
and the vessels are ligated before the tumour is mobilized. The para-aortic glands 
are cleared. Radiotherapy is started as soon as the child can comfortably be 
moved to the X-ray department, usually within the first week. The tumour bed, 
and lymphatic glands received 2,000- 2,500 R , during the course of 4- 6 weeks, 
(WILLIAMS, HIGGINS and 

BODIAN) administered 
through two ports. No dis­
turbance of wound healing 
has been encountered. 

In many clinics, pre­
operative radiotherapy is 
administered as a routine 
(e.g.KRETscHMER, RuscHE, 
PRIESTLEY and BRODERs) , 
and it is believed that this 
procedure renders nephrec­
tomy an easier and safer 
operation. Nephroblastoma 
is normally very susceptible 
to irradiation, and rapid 
shrinkage may occur within 
two or three weeks of com­
mencing treatment: the 
tumour continues to shrink 
for some time after com­
pletion of the course, and 
nephrectomy is therefore 
usually undertaken after an 
inter val. A further course 
of radiotherapy can be 
administered post-operat­
ively. The disadvantages 
of pre-operative treatment 
are that metastasis may 
occur during the course, 
that the tumour may prove 
radio-resistant, and that 

Fig. 114. Nephroblastoma of the right kidney. Intravenous pyelogram 
in a girl aged 3' /, years with large abdominal mass. The right renal 

pelvis is displaced downwards and distorted by the tumour. 
Nephrectomy. Death from metastases within one year 

the diagnosis may be incorrect, so that a child with a non-malignant condition 
is subjected to a heavy dose of irradiation. Moreover with skilful surgery, 
immediate nephrectomy, though difficult, is possible in almost all cases where 
metastasis has not occurred, and carries a very low operative mortality. Bilateral 
cases have been treated by nephrectomy and heminephrectomy combined with 
radiotherapy (RICKHAM). 

While radiotherapy has undoubtedly improved the results of treatment in 
nephroblastoma, the method itself is not without danger, particularly if high 
doses are used (GARRETT and MERTZ, GROSS and NEuHAusER). Irradiation of 
the tumour or tumour bed is apt to lead to damage to the epiphyseal centres in 
the iliac crest, and more important, in the vertebral column, where it may result 
in scoliosis (WHITEHOUSE and LAMPE). Irradiation of a wider area in order to 
include abdominal lymphatics may lead to irradiation nephritis, and ultimately 
to death from uraemia (GROSSMAN; SMITH and WILLIAMS). Treatment of the 
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ehest may cause pulmonary fibrosis, and a death from this cause is reported by 
KERR and FLYNN, so that prophylactic irradiation of the lungs is not advisable; 
nevertheless, the risks may be worth accepting since long term survivals after 
partial removal of the abdominal tumour (NESBIT and ADAMS) and after the 
appearance of lung secondaries (GARRETT and MERTz) are on record. 

Chemotherapy in nephroblastoma has not yet had sufficient trial to make an 
assessment possible: JOHNSON and MARsHALL have had some encouragment from 
the use of nitrogen mustards. 

f) Recurrence 

The majority of fatal cases show evidence of recurrence or metastasis within 
the first year of observation, and die within a few months. Most authors therefore 
believe that a 2 or 21/ 2 year survival period is a fair criterion for assessment of 
results, but much later recurrences may occur. FEENEY et al. report re-appearance 
of growth at 7 years; F ALKINBURG et al. at 8 years (in a case in which involvement 
of the renal vein was found in the original specimen) and RITTER and SCOTT at 10 
years. Early recurrences are likely to be found in the abdomen, and doubtless 
represent tumour tissue left behind at operation in the tumour bed or lymph 
glands. Later recurrences often show first in the lungs. 

Temporary relief may be obtained from the irradiation of recurrences, but 
where these are multiple, such treatment only prolongs the child's suffering and 
should be withheld. 

g) Prognosis 

Almost all the authors quoted in this section have given figures regarding 
their survival rates, and HARVEY has attempted a summary of these results. 
It is doubtful however, whether such collective surveys give any true picture of 
the situation, and it may simply be stated that under the best possible circum­
stances, with present methods of treatment, between 40 and 50% of cases should 
survive 2 years. The prognosis is much better for the younger children (GROSS 
and NEUHAUSER report an 80% survival in infants under 12 months), and it 
is correspondingly bad for those over the age of 4 years. 

2. Adenocarcinoma 

In the last century, many of the renal neoplasms of childhood were reported 
as hypernephromata, but with the growing realization of the protean nature of 
the histology of nephroblastoma, these cases ceased to be recorded, and adeno­
carcinoma was regarded as a disease of exceptional rarity in childhood. During 
re cent years, however, several examples of this tumour have been described in 
children of all ages: the present writer has operated upon two. CLINTON -THOMAS 
and ROBINSON record a child of 10 years with orbital metastases simulating 
Hutchison's syndrome, and give several references to earlier papers. BEATTIE; 
CURRIE, and JOHNSON and MARSHALL have also discussed cases, all of which 
have been fatal. The presenting symptoms are abdominal tumour and haema­
turia, and the exact nature of the tumour is not likely to be suspected until the 
nephrectomy specimen is examined. 

3. Papillary tumours 01 the renal pelvis 

Transitional cell neoplasms are exceptionally rare, and it is not unlikely that 
some of the recorded cases were papillary forms of nephroblastoma. SCHLAPIK 
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describes a case in a boy of 13 years: THOMAS in a girl of 31/ 2 years, and HIGGINS 
et al. in a girl of 18 months. All have been malignant tumours. 

4. Hamartoma and other benign tumours 

A hamartoma is defined as a tumour-like overgrowth of one or more tissue 
elements normally present at the site: growth of the tumour is co-ordinated with 
growth of the body as a whole and regression may occur. There is a tendency to 
include under this designation lesions such as angioma and fibroma formerly 
described as benign tumours, but in the kidney the most important hamartoma 
is found in the tuberous sclerosis complex. 

Tuberous sclerosis is a congenital dis order of which the cerebral symptoms are 
the most common manifestation, and which is likely to be fatal in early adult 
life: there is a nodular gliosis causing epilepsy, mental deficiency and ultimately 
increased intracranial pressure. The skin of the face exhibits a characteristic rash, 
adenoma sebaceum, around the nose and cheeks. Tumour-like nodules are found 
in the heart (congenital "rhabdomyoma"), the lungs and the bones. The renal 
lesions are multiple and commonly affect both kidneys: nodules containing 
smooth muscle, fat and blood-vessels are scattered through the cortex, and tend 
to grow outwards away from the kidney. They may be responsible for haematuria, 
particularly after trauma, and can cause a deformity of the pyelogram which 
arouses a suspicion of malignancy: MOOLTEN gives a fuH description of such a 
case in a 15 year old girl. LE BRUN et al. comment upon the frequency with which 
hamartomata cause retro-peritoneal haemorrhage. PRATT-THOMAS describes a 
case in the new-born. The diagnosis may be suspected from the co-incidence of 
arenallesion with adenoma sebaceum or epilepsy and mental deficiency: there 
is very little likelihood of subsequent malignancy (though it is on record) and the 
bilateral nature of the condition suggests that treatment should be conservative. 

ZANGEMEISTER reports that fibromata, in a microscopic form, are not un­
common in the infant's kidney, but they are extremely rare as large tumours. 
LANGHOF operated upon a girl of 11 years with a huge abdominal mass which 
proved to be a fibromatous hamartoma attached to the front of the kidney, while 
in reviewing the literature on fibroma, KRETSCHMER found two reports of affected 
children. 

Leiomyoma attached to the kidney in a neonate is described by ZUCKERMAN 
et al. and CONSTANCE has reported a case in which "benign" rhabdomyomata 
destroyed both kidneys in an infant of one year. 

Haemangioma of the kidney, sometimes regarded as an important cause of 
"essential haematuria", is seldom reported during childhood, although many 
cases of unexplained bleeding are subjected to exhaustive and repeated investiga­
tion. A cavernous haemangioma causing a filling defect in the pyelogram of a 
girl of 7 years was removed by McLEAN and MATTHEWS, and another in a boy 
of 14 by SWAN and BALME. 

Lymphangioma in the kidney of an infant is discussed by HIGGINS et al. True 
teratoma is reported by MCCURDY. 

5. Lymphosarcoma and leukaemia 

Both kidneys may be infiltrated by leukaemic or lymphosarcomatous deposits, 
producing a great increase in size and a characteristic pyelographic appearance 
closely resembling that seen in adult polycystic disease, though with better 
preservation of renal function (MILLICHAP). 
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IIl. The adrenal gland and retro-peritoneal space 

1. Neuroblastoma 
The adrenal medulla is developed from cells derived from the neural crest, 

which also gives origin to the sympathetic ganglion cells. A variety of tumours 

Fig.115. Adrenal neuroblastoma. Specimen removed at operation from a boy aged21j , years who prcsented with 
a large abdominal tumour. Intra venous pyelography showed a distorted and displaced left renal pelvis. The 

specimen demonstrates the typical distortion of the upper pole of the kiduey 

may be derived from these cells: the malignant neuroblastoma, the benign 
ganglioneuroma and the adrenaline secreting tumour, the pheochromocytoma. 
All of these tumours may arise in the adrenal itself, or in the abdominal sympa­
thetic chain, but in the gland the malignant neuroblastoma is the only common 
type, and is in fact the commonest tumour of childhood. BODIAN and WHITE 

have reviewed 94 cases of neuroblastoma seen during a 30 year period at the 
Hospital for Siek Children; they found 41 in the !1drenal gland and 24 in the 
adjacent sympathetic system. Seventy-seven of these cases presented during 
the first four years of life. 
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Neuroblastoma (Fig. 115) is a rapidly growing tumour which quickly infiltrates 
surrounding tissue planes, it becomes fixed to neighbouring organs, and surrounds 
the great vessels. Blood stream metastasis occurs early to the liver, the lungs 
and the bones, and is often responsible for the first symptoms. It has been 
customary, although no Ion ger very useful, to recognize "Pepper's syndrome " in 
which hepatic secondaries are the predominant feature, resulting sometimes from 

]·ig. 116. Histology of neuroblastoma. Section of a neurob!astoma arising in the adrenal. The component neuro­
blasts are very primitive with deeply staining chromatic nuelei and small cell bodies, but there is some development 
of delicate axonic proeesses which in places are aggregated to form areas of delicate fibrillary strnctnre (x 120) 

direct invasion by a right sided growth, and characteristic of the young infant, 
and " Hutchison's syndrome" in which orbital metastases first draw attention 
to the disease. Solitary secondaries in the long bones are sometimes the first sign, 
and have often been mistaken for primary bone tumours. 

The tumours exhibit in their histological structure the various stages of 
differentiation seen in the normal development of the sympathetic nervous system. 
In the most primitive, and the most malignant, there are closely packed small 
cells with dark-staining nuclei, and onIy a thin rim of cytoplasm ; these tumours 
exhibit no evident structure, and have often been regarded as retro-peritoneal 
sarcomata. In tumours with greater differentiation the nuclei are larger and 
vesicular, the volume of cytopIasm increases, and may form fibrillary material 
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composed of sprouting axons (Fig. 116). Arrangement of the cells to form pseudo­
rosettes is common. 

The urologist is chiefly concerned with the adrenal neuroblastoma which 
presents as an abdominal swelling and simulates nephroblastoma. The neuro­
blastoma has certain clinical characteristics which may make distinction possible, 
and radiology may give further help, but at times only laparotomy will give the 
final answer. The adrenal tumour arises high up under the costal margin, tends to 

Fig. 117. Neuroblastoma oi right adrenal gland. Intravenous pyelo· 
gram in a boy aged 1 year with abdominal tumour. The upper 
calyx oi the right kidney shows the characteristic deiormity due 

to adrenal tumor 

cross the midline, and is sel­
dom mobile. It is hard and 
its surface finely lobulated. 
The disturbance of general 
health is more severe than 
in most renal tumours and 
the child has often a low fever 
and anaemia. Clinically or 
radiologically detectable me­
tastases are present in about 
two thirds of cases when 
first admitted to hospital. 

On X-rays some calcifi­
cation within the tumour 
shadow is commonly seen, 
taking the form of a coarse 
stippling or flocculent mas­
ses, or occasionally of ring 
shadows. This appearance 
may, however, be mimicked 
by calcification in adrenal 
haematomata (WILLIAMS) 
and in adrenal cortical tu­
mours. Calcification also 
occurs in nephroblastoma 
and pyelograms must be 
performed to complete the 

differential diagnosis. In neuroblastoma the renal pelvis is displaced downwards, 
and slightly distorted; the upper calyx may be elongated as shown in Fig. 117. 

The rapid growth and early dissemination of neuroblastoma results in the death 
of the great majority of affected children within a year of the first appearance 
of the symptoms. However, in a small minority the growth undergoes spontaneous 
regression, and the child is restored to health. Sometimes the regression takes 
the form of a maturation of the tumour cells, so that the growth acquires the 
characteristics of ganglioneuroma (CUSHING and WOLBACH) and persists indefi­
nitely as a partly calcified mass: in other cases the tumour appears to be completely 
re-absorbed. Examples of this curious phenomenon have been recorded by 
WYATT and FARBER, by LADD and GROSS, by BODIAN and WHITE, and several 
other authors, though no satisfactory explanation has been put forward. The 
possibility of regression is nevertheless a great encouragement in the management 
of apparently hopeless cases, and treatment may be surgical, radiological or 
chemotherapeutic. In the absence of metastasis, it is probably always wise to 
explore the abdomen in adrenal neuroblastoma, and it is often necessary in 
order to confirm the diagnosis. Radical excision is sometimes possible, though 
very much less commonly than in nephroblastoma; a biopsy should be taken 
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in the inoperable cases. The tumour is radiosensitive and radiotherapy should 
be employed post-operatively: it is also of value in relieving pain where secon­
daries are already present. The technique of radiotherapy is discussed by 
WITTENBORG. Small doses, not exceeding 1,000 R are most valuable. Many 
chemotherapeutic drugs have been employed, particularly the nitrogen mustards, 
but the most successful, when employed during the first year of life, appears to 
be Vitamin B12 (BODIAN and WHITE), 1-2 mgm should be administered daily 
for several weeks. 

Neuroblastoma arising in the abdominal sympathetic chain is often slightly 
less malignant than the adrenal tumour, and follows the pattern of the ganglio­
neuroma described below, save for its more rapid evolution. 

2. Ganglioneuroma 

This is a slow growing and benign tumour which may by pressure upon 
surrounding organs cause serious symptoms. It arises from the abdominal 
sympathetic chain, usually below the kidney, 01' very rarely from the adrenal 
gland and spreads inta the adjacent tissue planes (GLASSER et al., STOUT). Many 
cases present with an abdominal tumour fixed to the posterior abdominal wall, 
displacing the kidney upwards and ureter forwards or outwards. Sympathetic 
paralysis may be detectable from the warmth of the ipsilaterallower limb. The 
tumour mass may surround the great vessels, and there may be sm all but 
dangerous prolongations through the vertebral foramina into the spinal canal, 
which produce pressure on the cord and ultimately perhaps paraplegia. Growth 
in this tumour may be very slow, or may cease altogether, leaving the ehild with 
a large palpable mass, but no symptoms. Treatment should consist when possible 
in surgical excision, and an approach may have to be made by laminectomy, as 
weIl as by laparotomy. Involvement of the tissue planes surrounding the great 
vessels may make complete excision impossible, but in view of the nature of the 
growth, partial ex cis ion may still be of great value. 

3. Pheochromocytoma 

Pheochromocytoma is a very rare tumour arising from the adrenal medulla 
or from the sympathetic ganglion cells, and is responsible for a high output of 
adrenaline and noradrenaline which causes an elevation of the blood pressure. 

Although a tumour with frequently fatal consequences, most examples of 
pheochromocytoma are from the pathological standpoint benign tumours; they 
are usually sm all and may, particularly in children, be multiple (CAHILL and 
ARANOW). 

The cells resemble those of the normal adrenal medulla, and exhibit in varying 
degrees the characteristic chromaffin reaction. The tumours and the formalin 
fixatives in which they are preserved turn brown from the oxidation of contained 
adrenaline: a rich brown colour is obtained with potassium bichromate. 

In a few cases concomitant evidence of Recklinghausen's disease, particularly 
the patchy skin pigmentation, is found. 

The characteristic clinical history is one of paroxysmal attacks of severe 
headaches, pallor, palpitation and trembling. During the attacks, the blood 
pressure is considerably raised, the systolic level perhaps rising above 200 mgm of 
mercury; at the same time hyperglycaemia is also found in adults but seldom in 
children. After the attack, collapse and profuse sweating occur, sometimes with 
polyuria, causing frequency 01' enuresis. The attacks may at first be infrequent, 
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and between them health may be unaffected, but with time they follow one 
another more rapidly, and the blood pressure is constantly raised. A sustained 
hypertension has in fact been more common than paroxysmal attacks in children, 
and sweating may be the chief complaint. 

All cases of hypertension in children should be thoroughly investigated, and 
if no renal cause is found evidence of the presence of a pheochromocytoma should 
be sought. The most satisfactory evidence appears to be thc excessive urinary 
output of adrenaline and noradrenaline estimated according to the method 
described by VON EULER and HELLNER. Other methods of diagnosis have 
included the precipitation of a hypertensive paroxysm by the intravenous in­
jection of histamine phosphate (ROTH and KVALE), a somewhat risky procedure, 
and the characteristic reduction of blood pressure which can be obtained by the 
use of adrenergic blocking agents. GOLDENBERG and ARANOW recommend the use 
of benzodioxane (O.25mgjkg body weight) which will terminate a paroxysmal 
attack, or bring down a persistently raised blood pressure for three to five 
minutes. Phentolamine (Rogitine) is probably the most reliable drug (HELPS 
et al.); 2-5 ces should be injected into a saline intravenous drip. 

If these tests suggest the presence of pheochromocytoma, the problem of 
localization still remains. When situated in the adrenal the tumours are seldom 
large enough to be palpable (though one such was recorded by SNYDER and VICK); 
they may be clinically demonstrable in the neck, and straight X-rays may reveal 
their presence in the ehest, but localization of the abdominal tumours is very 
difficult. SNYDER and RUTLEDGE have demonstrated the value of aortography 
in this connection, and a number of investigators have employed, with variable 
success, radiography after peri-renal insufflation of air. 

The treatment of pheochromocytoma is clearly excision of the tumour, but 
this has proved to be a hazardous operation. As soon as the tumour is handled, 
there is an enormous output of adrenaline and noradrenaline, and a sudden 
hypertension which may be disastrous; the immediate injection of phentolamine 
into one intravenous drip should, however, control this effect. Later when the 
tumour is removed, the blood pressure is apt to fall to a dangerously low level, 
with results that have often proved fatal. A second, noradrenaline drip should 
be employed to maintain the pressure at a safe level in the first post-operative 
hours. 

4. Adrenal cortical tumours 

Tumours deriyed from the adrenal cortex may be either benign or malignant, 
and histologically the distinction is often difficult. In most the tumour cells 
closely resemble those of the normal adrenal cortex, but in others there is extreme 
cellular pleomorphism, with numerous mitoses (Fig. 118). The latter phenomena 
may be observed in well-encapsulated growths, with a low recurrence rate, as well 
as in the locally infiltrating examples, so that the prognosis is hard to assess 
from the histological findings. The great majority of such tumours are discovered 
because of their hormonal effects, but some do not appear to be active in this 
respect, and present as large abdominal masses simulating adrenal neuroblastoma 
or even nephroblastoma; they are then likely to be invasive and inoperable, 
whereas the hormonal tumours are often discovered at an early stage, when still 
small and easily removed. 

The usual form of endocrine disturbance is an androgenic stimulation, causing 
isosexual precocity in boys and virilism in girls (Fig. 119). The general somatic 
growth is stimulated, and the child appears much older and tougher than his 
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or her contemporaries; the skin exhibits acne, pubic hair is plentiful, and the 
penis or clitoris is enlarged. In boys this type of development can be distinguished 
from true precocious puberty by the absence of spermatogenesis, and the infantile 
size of the testicles. The 24-hour output of 17 -ketosteroids is always raised in 
both boys and girls, in carcinomata it may reach 150-200 mgm, but much lower 
figures are found with small adenomata and in a 3 year old girl operated on by 

Fig. 118. Histology of adrenal cortical tumour. A seetion of an adrenal cortical tumour which led to preeocious 
pubertal (feminising) changes in a girl aged 5 years. The cells are large and polymorphie, with abundant, 
dense or granular cytoplasm, and nuclei which vary considerably in morphology and are sometimes multiple. 

Despite the bizarre cytology, the tumour was probably benign 

the author only 5 mgm were excreted. In both sexes the differential diagnosis 
between adrenal tumour and hyperplasia has to be made, though the presence of 
a palpable mass will sometimes render this easy. Hyperplasia always cau!:es 
signs evident at birth in girls (see female pseudohermaphroditism), but although 
tumour development is a post-natal phenomenon, signs may appear very early. 
Hyperplasia is much less common in boys, but its age of onset is more variable 
and gives no certain lead. The administration of cortisone however, will cause 
a fall in the 17 -ketosteroid output in the hyperplasia cases (see p. 276) but has 
no consistent action in tumour (WILKINS 1950). PATTERSON believes that a high 
output of dehydro-iso-androsterone is characteristic of tumour rather than hyper­
plasia, and describes a test of this substance. His conclusions have not, however, 

Handbuch der Urologie, Bd. XV 13 
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received universal support. Pregnanetriol excretion is raised in hyperplasia but 
not in tumour. 

The second important endocrine phenomenon encountered in adrenal tumour 
is CUSHING'S syndrome, which in childhood is almost always due to an adrenal 
disease, and most often to a tumour (JOLLY). These children exhibit a striking 
obesity of the face, trunk and abdomen, but not of the limbs. There is a parti­
cularly prominent pad of fat at the back of the neck, giving a "buffalo hump" 

Fig. 119. Adrenal cortical adenoma. The external genitalia of a girl aged 
5 years. Considerable growth of pubic hair, and enlargement of the clitoris 

appearance. The face is 
plethoric, the skin marked 
by acne, and the bodily 
hair plentiful; in the un­
complicated case, how­
ever, there is no abnormal 
growth of the penis or 
clitoris. Muscular weak­
ness is common, con­
trasting with the abnor­
mal strength found in the 
androgenic cases. Hyper­
tension is the rule and may 
reach very high levels. 
Classically the 17 -keto 
steroid output is normal, 
but the 11-17 -oxy -cortico­
steroid excretion is con­
sistently raised. 

The third, and least 
common effect is femini­
zation: this haR been de­
scribed in boys (HOLL, 
WILKINS 1948) causing 
growth stimulation and 
gynaecomastia, and girls 

(Fig. 120) with precocious pubertal changes (KEPLER et al.). In the many 
girls with this type of response, there have also been signs of CUSHING'S 
syndrome or some androgenic effects as weIl. Thus, HIGGINS et al. describe a 
girl of 15 months with vaginal bleeding, breast enlargement and overgrowth of 
the clitoris. After rem oval of an adrenal cortical carcinoma the breasts and geni­
talia returned to normal, and the present state of the child, 10 years later, is 
satisfactory. GARRETT records cases in which the androgenic and CUSHING'S 
phenomena occurred together, and a similar case has been observed at the 
Hospital for Sick Children. The mixed endocrine response is at least as common 
as the simple types described. 

No tumour responsible for hyperaldosteronism has yet been recorded in a 
child, though HOLTEN and PETERSEN report a girl aged 13 with adrenal hyperplasia 
with increased output of aldosterone causing hypertension and potassium 
depletion. 

Once the presence of an adrenal cortical tumour is suspected, investigations 
should be aimed at localisation. An intravenous pyelogram is most useful, since 
it will often show the corresponding kidney to be displaced downwards, and 
sometimes a calcification in the tumour itself (Fig. 121). Peri-renal insufflation 
of air or aortography may be of assistance, or palpation at laparotomy may be 
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preferred. The re cent interest in adrenal surgery for malignant diseases has 
drawn attention to the fact that both adrenals can be often adequately exposed 
through a high oblique abdominal incision (AIRD and HELMAN) and if the operator 
is using this approach, the question of localization may be decided at operation. 
In the simple androgenic or feminizing eases exeision of the tumour bearing 
adrenal gland is clearly required, and the post-operative management is usually 

A B 

Fig. 120 A and B. Feminizing adrenal cortical tnmonr prodncing precocions puberty in a girl aged 5 years. 
A Clinical photograph showing breast enlargement. B Retroperitoneal air insufflation X·ray outlining tumour. 
The bone age was 12 years; excretion of 17 ketosteroids and of oestrogens was raised; menstruation had occurred 
on three occasions. Adenornatous tumour removed at operation. Hormonal levels returned to normal and 

menstruation ceased. General clinical improvement and shrinking of breasts followed 

straightforward. In the Cushing's eases, however, biochemie al disturbances 
are to be expeeted after excision of tumour, and have in the past frequently 
proved fatal , sinee the contralateral adrenal is atrophie or absent. Cortisone 
replacement therapy, and careful electrolyte control should enable a greater pro­
portion of these cases to be brought through the hazards of operation in the future. 
In Cushing's syndrome where bilateral adrenal hyperplasia is found, sub-total 
adrenalectomy followed by cortisone therapy appears to be the most satisfactory 
treatment; where the adrenals are normal, pituitary irradiation may be advisable. 

5. Adrenal haematoma 
A note on adrenal haematomata is conveniently included in this chapter, 

since on occasion there may be difficulty in distinguishing these lesions from 
true tumours. 

13* 
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Although the cause is not known, bilateral adrenal haemorrhage of slight 
degree is not a very uncommon finding in post-mortems performed on neonates, 
and the lesion may certainly be responsible for adrenal cortical failure. In later 
childhood, haemorrhage and acute failure may complicate many severe infections, 
particularly meningococcal septicaemia (WATERHOUSE-FRIDERICHSEN syndrome). 
The treatment of these conditions is exclusively medical, but on rare occasions 
in the neonatal period, a unilateral severe haemorrhage occurs in which the danger 

Calcificd t limo,", 

Fig. 121. Adrenal cortical adenoma. Intravenous pyelogram in a girl of 2 years with signs of virilism. 
There is a calcified area in the right adrenal area 

arises not from adrenal cortical failure, but from the loss of blood from the circu­
lation. A number of these cases has been reviewed by EMERY and ZACHARY: 
an infant during the first week of life is notieed to be pale and irritable, a lump 
is then feIt in an upper quadrant of the abdomen whieh simulates a renal or 
adrenal tumour. Often the child dies suddenly before treatment can be given, 
but on several occasions laparotomy has been performed revealing blood in the 
peritoneum, and a haematomatous mass which has been excised. Although the 
clinical diagnosis may be difficult to make, it is important that the disease 
should be recognized at operation, for clearly only haemostasis is required. 

Calcification takes place rapidly in an old haematoma, and probably the 
majority of opacities seen in the adrenals of ehildren are due to this cause: tuber­
culosis must be very rare . If the haematoma is large, and displaces the upper pole 
of the kidney, the differential diagnosis from adrenal tumour may be difficult 
or impossible, though the history of a severe infeetion may give a elue. In the 
case illustrated in Fig. 122 exploration seemed indicated (WILLIAMS). Small 
cysts which may be found incidentally in the adrenal probably also result from 
old haemorrhages. 
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6. Retro-peritoneal teratoma 
Although rare the retro-peritoneal teratomata form a distinct group and 

ARNHEIM was able to collect 44 cases from the literature including 3 of his own. 
Over half the cases occurred 
in infants under one year 
of age, and although only 
three exhibited malignant 
changes 13 had died. The 
tumours may be attached 
to the kidney or free, and 
they are not infrequently 
bilateral. Most have pre­
sen ted with an abdominal 
tumour, and displacement 
of the pyelographic shadow. 
Calcification and bone for­
mation may occur. Explo­
ration is often essential to 
establish the diagnosis, and 
radial excision, although 
difficult, should always 
be undertaken. ARNHEIM, 
whose papers should be 
consulted for references to 
earlier literature has also 
reported aseries of "com­
bined pelvic and retro­
peritoneal teratomata" in 
which the mass was pal­
pable both in the abdomen 
and in the pelvis. KRETSCH­
MER discusses retro-peri­
toneal lipo-fibro-sarcoma. 

Fig. 122. Calcified left adrenal haematoma. Retrograde pyelogram in 
a boy aged 3 months, who had had a very severe E. coli urinary infection 
and meningitis when 3 weeks old. The upper pole of the kidney is 
displaced outwards by a partially calcified mass (some pyelo·tubular 
backflow is also shown); exploration undertaken to exclude thepossibi· 

lity of adrenal neuroblastoma revealed an organizing haematoma 

IV. The bladder 

1. Rhabdomyosarcoma 
The most eommon type of bladder tumour in infaney and ehildhood is an 

embryonie growth whieh exhibits some tendeney to differentiate striated muscle 
eells and is therefore designated a rhabdomyosareoma. A tumour with a similar 
histology and beha.viour may arise in the prostate or in the vagina, and it is perhaps 
better to eonsider the growth as an "em bryonie sal'coma of the urogenital sinus" 
(WHITE). In ease reports, whieh are numerous, these tumours are often deseribed 
as myxomata, myxosareomata or fibromyxosareomata, and in many eases the 
myxomatous appearance is the most striking feature, the rhabdomyoblasts being 
poorly differentiated and easily overlooked. Reviews of this topie have been 
published by CAMPBELL, KRETSCHMER, HENRY, KHOURY and SPEER, MOSTOFI 
and MORSE, PEZZOLI. Cases have oeeurred at all stages of childhood, but most 
commonly in the first 4 years : in a few the tumour was present at birth. 

In the bladder, rhabdomyosareoma takes a polypoid form often deseribed 
as sarcoma botryoides: pearly grey, fleshy lobules arise from a broad area of the 
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bladder wall, most often from the base but sometimes from several centres, and 
fill the bladder cavity. (Fig. 123). Ulceration isuncommon but the neoplastic 
process may extend in the submucosal layer both within the bladder and along 
the urethra or lower ureters. When the disease has spread from the vulva, there 
may be a flat infiltration without the formation of the polyps Growth is fairly 
rapid but is for some time confined within the urinary tract, neither breaking 

through into the surrounding tissues nor 
metastasizing: most of the affected children 
die as a result of urinary obstruction and 
sepsis without secondary deposits. 

HistologicaHy the tumours exhibit embryo­
nic mesenchyme represented by fusiform or 
steHate ceHs embedded in a mucoid ground 
substance (Fig. 124) . Differentiation of these 
ceHs towards collagenous connective tissue 
ceHs, and towards striated muscle fibres may 
be seen; all stages of rhabdomyoblast formation 
occur, from strap-like cells with a single nucleus, 
to large multinucleate cells with distinct cross 
striation. 

Clinically the symptoms which first draw 
attention to the condition are frequency, 
painful and difficult micturition sometimes 
going on to retention, pyuria and later haema­
turia. In direct contrast to carcinoma the 

1-1 --,.---.---,.---.-----il bleeding in rhabdomyosarcoma is alm ost al­
U cmJ ways a complication of infection, and is not an 

early sign. Pain due to the bladder distension 
Fig. 123. Rhabdomyosarcoma of the blad­
der. Operation specimen from a girl aged 
11 months, who presented with retention of 
urine. Thc tumour formed an easily 
palpable mass, and the diagnosis was con­
firmed by endoscopic biopsy. Total cystec­
tomy with urethrectomy and hysterectomy. 
The entire anterior vaginal wall was remo­
ved, but a reeurrenee developed on the 

posterior wall, and secondary deposits 
appeared after one year 

may be severe. In the female the polyps may 
prolapse through the urethra, or break away 
and pass spontaneously. Where the onset of 
the disease occurs before or immediately after 
birth, the obstruction may lead to the for­
mation of umbilical urinary fistula (HUNT, 
KHOURY and SPEER). On examination a firm 
mass is found arising from the pelvis, which 

does not entirely disappear after catheterization. Intravenous pyelograms are 
likely to show some dilatation of the ureters, and cystograms (Fig. 125) demon­
strate the characteristic lobulated filling defect. CystoscopicaHy, the grape-like 
appearance of the polyps is unmistakable, though the flat submucosal infiltration 
may be difficult to recognize. 

Although some benign bladder tumours are discussed in the following section, 
and cure has occasionally followed local removal of a rhabdomyosarcoma (HIGGINS 
et al.) it is wise to assurne that all bladder tumours in infancy are malignant, so that 
treatment should be urgent and radical. For confirmation of the diagnosis of 
rhabdomyosarcoma, trans-urethral biopsy with a resectoscope is a simple proce­
dure, or if this instrument is not available, a polyp can be torn off with crocodile 
forceps. The growth is not sufficiently susceptible to irradiation to make this 
form of treatment worth while; moreover, since there is often infection and always 
obstruction, radiotherapy is likely to cause a considerable deterioration in the 
symptoms and in the general condition of the child. The treatment should consist 
in immediate total cysto-prostatectomy, with removal of the bulb of the urethra 
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and the lower ends of the ureters in continuity with the bladder, as there may weIl 
be an extension along these channels. In the fern ale , the entire urethra should 
be rernoved, and in view of the likely rnulticentric origin of the turnour, total 
hysterectorny and colpectorny should also be advised. The ureters rnay be 

Fig. ]24. Histology of rhabdomyosarcoma of the bladder. Section of a polYPoid tumour involving bladder and 
prostate. The field includes a portion of a polyp, showing the submucous situation of the neoplastic tissue. The 
latter consists of an embryonic mesenchyme in which there is plentiful differentiation of plump and strap-like 
rhabdomyoblasts. Whilst the term rhabdomyosarcoma is in common use for such a tumour, it is suggested that 

embryonic sarcoma is a more appropriate designation (x 55) 

implanted into the sigmoid colon at the same operation, or drained on to the skin: 
smaH infants stand up weH to the one stage procedure. 

Most reports give a depressing view of the prognosis in this condition, but 
HIGGINs, reporting four cases from the Hospital for Sick Children had three survi­
vors, and two of these are still alive seven years after operation. Four further 
cases have been treated recently. Satisfactory results have also been reported 
by SLOTKIN and DAVIS. 

2. Other bladder tumours 

A number of rnyxomatous or fibrornatous turnours have been reported 
(RIDLON, MEADE, GANEM and AINSWORTH) in which the local removal of the 



200 Neoplastic disease 

polypoid mass has resulted in a permanent cure, and the exact status of the 
neoplasms is not always clear. LANGE has described a pedunculated myoma which 
was responsible for a severe haemorrhage, but which was easily removed. A spindIe 
cell sarcoma was removed by partial cystectomy by FEGETTER from a girl of 
10 years, with 12 years survival (HENRY). 

Haemangioma of the bladder is rare, and though it more often presents during 
adult life, it is probably a congenital condition, and may well be encountered in 
childhood. BALLLENGER et al. report a case in which haematuria commenced 
at the age of 6 months, though radical treatment was not undertaken until 
27 years. RATHBUN, CAMPBELL, and HIGGINS et al. illustrate cases of haemangioma 

Fig. 125. Rhabdomyosarcoma of the bladder. Cystogram in a boy of 3 years with retention of urine, showing 
lobulated filIing defed at the base of the bladder. Total cystectomy performed; weil and free ofrecurrence 4 years 

later 

in children: painless and profuse haematuria has been the chief feature, while 
haemangiomata on the skin, or in thc rectum have on several occasions led to 
the correct diagnosis. Cystoscopically the haemangiomatous tissue may be easily 
recognisable, but the appearance may at times suggest asolid tumour. Removal 
of the growth by partial cystectomy has been the most satisfactory form of 
treatment, but when the base of the bladder is involved diathermy coagulation 
should be tried before resorting to radical surgery. 

Neurofibromatosis may on rare occasions affect the bladder; in the 7 year 
old boy reported by KAss there was a large tumour arising in the perivesical 
tissue causing ulceration and haematuria. The diagnosis was suspected from 
cutaneous nodules and pigmentation. The disease is also recorded by CHALKLEY 
and BRUCE. 

Tumours arising at the apex of the bladder may be derived from the urachus: 
cases of this nature in children have usually been sarcomata. SHAW has reported 
an interesting example in a boy aged 6 years, who presented with acute abdominal 
pain and haemoperitoneum: the growth was a spindIe cell sarcoma. 

Epithelial tumours are exceptionally rare in children and the only adequately 
described case appears to be that reported by LOWRY et al. , a boy of 6 years 
with painless haematuria who was found to have a pedunculated, low grade 
transitional cell carcinoma. 
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V. The prostate and urethra 

Tumours arising in the prostate during childhood are almost always embryonic 
sarcomata and although fibrosarcoma, lymphosarcoma and leiomyosarcoma, are 
recorded, the common form is the rhabdomyosarcoma of a type similar to that 
already described for the bladder. LOWSLEY and KIMBALL reviewing the subject 
found that one third of all cases of sarcoma of the prostate occurred under the 
age of twenty. Reviews and case reports concerned with children will be found 

A B 
Fig. 126 A-C. Rhabdomyosarcoma of prostate. A Intravenous pyelogram; B cystogram; C (see overlea f) 

in the works of GMELIN, HOLMES and COPLAN, MERTZ et al. , W ALLGREN, and 
TZOVARU and VASILESCU. 

In the prostate the tumour takes a solid form , but if it escapes into the bladder 
or the urethra it may become polypoid. Spread may occur in the urethral wall 
as in the bladder tumours. Growth is rapid and causes urinary obstruction which 
may be fatal before metastasis has taken place. 

Difficult and painful micturition is the common mode of presentation, and 
the bladder is found to be chronically distended. An enormous enlargement of 
the prostate is palpable on rectal examination, it is smooth and tense, but feels 
cystic and is easily mistaken for prostatic abscess. Cystograms show the upward 
displacement of the bladder, and a dome-like filling defect at the base (Fig. 126) ; 
the urethrograms demonstrate a displaced and distorted urethra. The size of 
the mass renders endoscopy difficult, but if the base of the bladder is infiltrated, 
the white tumour tissue may be seen beneath the mucosa. 

Bladder drainage is often urgently required and after catheterization the 
diagnosis can usually be made on clinical grounds. The absence of fever, and 
other signs of infection will suggest tumour rather than abscess, and for confir­
mation an exploratory needle may be inserted immediately before operation. 
Treatment should take the form of radical cysto-prostatectomy, as in thc bladder 
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tumours, but cure has not yet been achieved in this disease. Some writers have 
advised radiotherapy, but there has been little evidence of any beneficial effect 
from this treatment. 

A very slow growing tumour, described as a plexiform neurofibrosarcoma has 
been recorded by HESS; it infiltrated the base of the bladder and perineum, but 
was known to have been present for seven years at the time of writing. 

C 

Fig. 126 Coperation specimen from a boy aged 3 monthe. 
The ehild presented with retention oi urine: the enor­
mous prostatie enlargement was palpable per reetum 
and per abdomen. Total cysto-prostateetomy. Death 

8 months later with widespread metastases 

True neoplasms have not been found 
in the urethra during childhood, though 
small polyps in the region of the bladder 
neck and verumontanum are not un­
common both in symptomless and in 
enuretic children. On rare occasions 
such polyps may attain sufficient size 
to cause dysuria. 

VI. The penis and scrotum 

A papillary adenoeareinoma of the 
glans penis in a two year old Indian 
boy has been described by KINI; the 
growth developed beneath the foreskin 
and followed the usual adult pattern. 
The condition is exceptionally rare in 
children and appears to be unknown 
to most Western authors. 

Haemangioma and lymphangioma 
may affect the penis and scrotum, more 
often the latter. Haemangiomata are 
often small and unnoticeable at birth, 
but either spread or fill out during the 
first few years: in the scrotum they 
may reach a considerahle bulk (Fig.127) 
without causing any serious symptoms, 
and many receive no attention until 
adult life. Excision of the entire mass 

is the most satisfactory form of treatment (WINSLOW). Small haemangiomata 
may be observed on thc surface of the glans (Fig. 128), they usually cause no 
symptoms, and should not be interfered with unless bleeding occurs, when super­
fici al cautery may be applied. An enormous haemangioma involving the whole 
genital area has been described by MATTHEWS, the penis was enlarged to such 
an extent that it reached the infant's feet. Treatment of such an extensive 
lesion is a matter of great difficulty, and in this case a fatal air embolism occurred 
during attempted excision. 

Lymphangioma presents as a soft circumscribed swelling attached to the skin 
of the scrotum. It is unsightly but causes little inconvenience. The mass may 
be excised completely with the overlying skin, and does not show any attachments 
to the testicle: if it is extensive it may have to be disseeted away from the skin, 
though no satisfaetory plane of cleavage will be found. 

Congenital elephantiasis of the penis and scrotum without lymphangioma is 
described by ZSCHAU. 
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Fig.127. Haemangioma : the perineum of a new-born infant 

Fig. 128. Haemangioma of the glans penis. Boy aged 4 years, without symptoms 
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VII. The epididymis and spermatic cord 

True neoplasms are very seldom seen in the epididymis or cord during childhood, 
and those reported have been similar to the growths found in adult life. BURROS 
and M!.YCOCK, and SUNDARASIV ARAO have described benign adenomatoid tumours 
of the epididymis, and the latter has traced their origin to the Müllerian vestiges 
found at that site. HIRSCH records a rhabdomyosarcoma of the spermatic cord 
in a 16-year-old boy, and finds references to the same tumour in infants: it 
was malignant and responsible for metastases. THOMPSON found a symptomless 
haemangioma in the cord and GUEKDJIAN operated upon a case of cavernous 
lymphangioma which simulated inguinal hernia. 

Some adrenal rests are quite often found in the spermatic cord, and are parti­
cularly likely to be seen during operations for undescended testicle. They are 
normal in this situation (see CULP), but may become enlarged in cases of congenital 
adrenal cortical hyperplasia. 

VIII. The testicle 

Testicular tumours are uncommon in children; DEAN found only 8 cases 
below the age of 14 in aseries of 500, and only 10 were seen at the Hospital for 
Siek Children in a 27 -year period. These tumours are nevertheless of considerable 
surgical interest since the ease with which they may be diagnosed should present 
an opportunity for early and effective treatment: it is to be regretted that in the 
past the malignant nature of the lesion has sometimes been recognized only after 
some delay, or even after attempts to tap a suspected hydrocele. 

The pathological classification of testicular tumours is complex and disputed, 
and a detailed discussion of the problem is outside the scope of this work. Of 
the common tumours arising from the ge:minal cells, almost all may be classified 
as teratomata, since seminoma is exceptionally rare in children. A teratoma may 
be composed of weIl differentiated "adult" tissues, often with formation of cysts 
containing epidermal elements: these are much more often seen in infancy than 
at any other time, and they are benign tumours. RUSCHE noted 9 cases of this 
type in aseries of 12 testicular tumours, and JULIEN has given an incidence 
of a little over 25 % in cases collected from the literature. 

Teratomata composed of immature tissues are malignant (Fig. 129), and may 
exhibit such overgrowth of one cellular element that the teratomatous nature 
is difficult to recognize: this has led to terminological confusion. MAGNER et al. 
describe an "adenocarcinoma with clear cells" which they believe represents a 
type of growth peculiarly characteristic of infancy, but BODIAN and WHITE 
believe that these clear cells are typical undifferentiated embryomatous cel1s, and 
that the tumours should be included in the teratoma category (Fig. 130). 

A Sertoli-cell tumour (Androblastoma) has been reported by CULP et al., and 
is believed to be a benign neoplasm. Interstitial cell tumours though rare have 
attracted considerable attention because of their hormonal effects: they are 
usually benign, but some have been bilateral (REzEK and HARDIN) and in adults 
late recurrence and metastasis are known. ROSENTHALenCountered a haemangioma 
of the testis in an infant of 3 months. 

The great majority of testicular tumours in children present during the 
first three years of life, and are brought to the hospital because the parents have 
discovered a serotal swelling. The tumour is painless, and the general condition 
of the infant is good unless secondaries have already occurred. The mass is often 
three or four times the size of the normal organ, it is hard, heavy and smooth 
or slightly lobulated. Cystic areas may be palpable, and occasionally there is 
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a Httle fluid in the tunica vaginalis: the consistency and the failure of transillumi­
nation, however, should distinguish tumour from hydrocele. The skin may have 
a faintly bluish tinge as in torsion; the absence of pain will normally prevent 
any confusion with that disorder, but occasionally haemorrhage into the neoplasm 
will produce temporary pain and pyrexia. The epididymis is unaffected and can 

Fig. 129. Histology of teratoma of testis. Section of a malignant teratoma of testes, showing immature mesen­
chyme (which in other areas contained developing cartilage) and irregnlar masses of primitive epithelial blastema, 
one of which has differentiated into a tubular structure. The tumour was removed from a boy of 13 years, 17 months 

after orchidopexy. He was alive and weil 5 years after surgical excision (x 55) 

be feIt separate from the tumour mass. Involvement of the inguinal glands 
only occurs when the growth has extended into the scrotum, but nodules may be 
found within the spermatic cord. Palpable lymphatic secondaries in the para­
aortic and epigastric nodes may be the most prominent feature, which has some­
times suggested a diagnosis of nephroblastoma. Malignant glands mayaiso be 
found in the mediastinum and in the supraeIavicular fossa. Blood stream metastasis 
to the lungs follows lymphatic spread. 

Where the tumour involves an undescended testieIe (e. g. GORDON-TAYLOR 
and WYNDHAM) some difficulty may be experienced in the diagnosis of an inguinal 
or pelvic mass, though the absence of the testieIe from the scrotum should give 
a eIue. 



206 Neoplastic disease 

Hormonal effects are seen chiefly with interstitial cell tumours though slight 
gynaecomastia has been observed with adenocarcinoma (MATASSARIN). The 
interstitial cells are capable of producing large amounts of androgens, and of 
stimulating precocious sexual and somatic development. POMER et al. have given 
arecent review of reported cases, and reference should also be made to the works 

Fig. 130. Histology of teratoma of testes. Section of a testicular tumour removed from a boy of 18 months, who 
died from pulmonary metastases 13 months later, despite post-operative radiotherapy. Although frequently 
called embryonal adenocarcinoma, this type of tumour appears to be an pxtremely primitive form of teratoma; 
the delica te acino-papillary epithelium is believed to be the primordial fissue of such neoplasms, and may be seen 

alone or with more differentiated components in this or other sites 

of NEWNS, BLUNDEN et al. and THAMDRUP. The growth and muscular develop­
ment of the child is advanced, pubic hair appears, the skin is marked by acne, 
and the voice deepens. The penis grows to adult proportions, and erections 
occur, but the opposite testicle remains smalI, and there is no spermatogenesis. 
The tumour is often comparatively smalI, and is therefore apt to be overlooked 
(JOLLY); it may even be supposed that the small testicle is the pathological organ, 
since the size of the tumour bearing one is more in keeping with the size of the 
penis. The androgen excretion, as measured by the 24 hour output of 17 -keto­
steroids, is considerably raised. Orchidectomy will lead to a fall in this figure, 
unless the opposite testicle is also affected (REZEK and HARDIN), but regression 
of clinical signs of precocity is slow or may not occur at all. 
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In cases of congenital adrenal cortical hyperplasia, both testicles may be 
enlarged, and contain cells which resemble those found in the reticular zone 
of the adrenal. The affected children are suffering from precocious puberty 
(see p. 293) and the enlargement of the testicles may lead to amisdiagnosis of 
the true cause. 

While the diagnosis of testicular tumour should not present any difficulty 
to the surgeon, it must be realized that no clinical distinction can be made 
between the benign and the malignant teratomata. Pre-operative irradiation 
for all cases is therefore advised by some writers (e.g. DEAN), but this may 
weIl involve unnecessary destruction of the opposite testicle. Needle biopsy has 
been advocated (GUILLEMINET and FOURRIER) but carries a considerable risk 
of disseminating the growth, and there can be little doubt that immediate orchid­
ectomy should be the treatment for all cases without evidence of metastasis. 
The spermatic cord should be severed high up in the inguinal canal and if nodules 
are palpable along the spermatic vessels within the abdomen a more extensive 
dissection may be justifiable (GROSS). The decision regarding post-operative 
irradiation follows a study of the histology of the tumour; treatment is not 
required in cases of adult teratoma or interstitial cell tumour. Because of the 
comparatively high proportion of benign forms, the overall prognosis of testicular 
tumours is good, only two out of 12 cases died in RUSCHE'S series, and only two 
out of 9 in the Great Ormond Street series (BODIAN and WHITE). DOYLE'S 
review however, gives a gloomier picture for "embryonal carcinoma". 

IX. The ovary 
If simple follicular cysts are included in the category, ovarian tumours in 

childhood are probably not as rare as testicular tumours, and a large proportion 
are benign. COSTIN and KENNEDY have published a comprehensive review, and 
collected 200 cases from the literature : approximately one third of reported cases 
were stated to be simple or multilocular cysts, one third dermoids and the 
remainder sarcomata· and carcinomata. The last group, however, probably 
includes tumours which would now be classified as dysgerminomata or as granu­
losa cell tumours. 

Ovarian cysts and tumours may present at all ages; abilateral case has 
recently been encountered in a neonate at the Hospital for Sick Children, but 
the average age is considerably higher than in testicular growths. They cause 
lower abdominal pain, and nausea, 01' simply present as large abdominal swellings. 
Torsion, however, is common with all histological types, and has occurred in 
about a third of the cases reported in childhood: the complication causes acute 
lower abdominal pain and collapse; a tender swelling is palpable in the pelvis, 
but diagnosis is usually made only at laparotomy (TAYLOR). 

Simple and multilocular cysts require little comment, though it may be 
mentioned that sexual precocity (see p. 294) has been associated with a simple 
follicular cyst on one occasion at least (KIMMEL). Cystadenoma appears to occur 
only after puberty. 

Teratomata may sometimes be diagnosed radiologically because of included 
bone or tooth formation. Malignant changes are rare in this group, but in a 
few instances there is isosexual precocity. 

Dysgerminoma affects chiefly older children, but is much more common than 
its equivalent seminoma in boys. It is a tumour particularly liable to occur in 
association with pseudohermaphroditism, and genital hypoplasia. The malignancy 
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of this growth is variable, and irradiation should always be advised even when 
the excision appears to have been complete. 

Granulosa-cell tumour is characteristically associated with isosexual precocity, 
and a very high excretion of oestrogens. Most cases have presented with early 
development of the breast tissue and menstruation, though in one reported in a 
child of 14 weeks, the abdominal masses were the chief feature (ZEMKE and 
HERRELL). As in the dysgerminoma group, the malignancy of these tumours is 
variable and cannot be predicted from the histology. 

Theca-cell tumour has been reported only once (GORDON and MARVIN) , it 
was responsible for menstrual discharge in a child of one year. 

Arrhenoblastoma is a tumour of later life, but has been recorded in a girl 
of 13 years, causing amenorrhoea, enlargement of the clitoris and deepening of 
the voice (Fr.ANNERY). 

Ovarian tumours which cause symptoms in childhood are almost always 
large enough to be palpable on careful bimanual pelvic examination, and doubt 
as to the diagnosis will be settled at laparotomy. In view of the high proportion 
of benign forms, simple oophorectomy and salpingectomy should be performed 
unless there is clear evidence of spread of malignant disease; adecision as to 
radiotherapy should be made after histological examination of the excised 
tumour. 

x. The vagina and uterus 

The characteristic vaginal tumour in children is the embryonal rhabdomyo­
sarcoma of the type already encountered in other derivatives of the urogenital 
sinus, the bladder and prostate, but it has long been known from the grape-like 
appearance of its lobules as a "Sarcoma Botryoides". McFARLAND gives an 
excellent review of the pathology, while SHACKMAN has recently summarized the 
clinical findings and lists relevant papers. As with other embryonic tumours it 
occurs predominantly in the first three years of life, though it is also encountered 
in older girls. 

The tumour arises from the vagina or labia and forms fleshy polypoid masses 
whieh protrude through the vulva, though their origin may be as high as the 
forniees. Uleeration of the exposed lobules may oeeur, and infeetion may lead 
to haemorrhage and purulent vaginal diseharge. Pain is not a prominent feature 
of the early stages. The polyps are easily euretted away from the vaginal wall, 
but reeurrenee is rapid and after a time infiltration of neighbouring struetures 
may be found; pressure and involvement of the urethra will be responsible for 
retention of urine. In the case illustrated in Fig. 131 there was a sub-mucous 
infiltration by tumour cells of the whole urethra and lower part of the bladder, 
which was not evident on endoscopy. Dissemination to the locallymph glands 
may follow, the inguinal glands being involved in vulval growths, the pelvic 
and aortic in more deeply plaeed tumours. More distant metastasis only occurs 
if the loeal disease has been brought under control, and many cases have died 
as a result of cachexia and urinary obstruction. 

The diagnosis should be made without difficulty since there is no benign 
lesion which produees multiple polypi arising from the vaginal wall, and biopsy 
is easily performed. The myxomatous appearanee of lobules must not deceive 
either surgeon or pathologist, the growth is always malignant and must be treated 
by radieal surgery. Radiotherapy has no useful effeet. ULFELDER and QUAN 
were the first to report sueeessful radical exeision of uterus and vagina, and later 
SHACKMAN deseribed a case in which cystectomy had been performed at the same 
time. The value of the eysteetomy lies ehiefly in the more radieal nature of the 
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operation, removing the entire field of potential tumour growth, but if the urinary 
diversion employed is a uretero-sigmoidostomy a satisfactory outcome may 
ultimately be vitiated by the complications of that procedure. 

BODIAN and WmTE have described four children, between 8 and 12 months 
of age, who presented with a blood-stained discharge from the vagina, and in 
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whom a carcinoma of the vagina was found, The tumours arose from the 
vagina or vaginal portion of the cervix, they were composed of ceHs of epithelial 
origin with acinar or acino-papillary arrangement. The authors suggest that 
these tumours may have arisen from Gaertner's duct. Spread occurred to 
local lymphatic glands, and aH cases were fatal within three to nine months of 
the onset of symptoms. 

True carcinoma of the cervix uteri is exceptionaHy rare in children, but 
POLLACK and TAYLOR were able to collect from the literature reports of eleven 
cases under the age of 10 years. A case of adenocarcinoma of the body was 
recorded in a child of 2 years of age (LOCKHART). Abdominal tumour and vaginal 
bleeding were the presenting signs. 

Handbuch der Urologie, Bd. XV 14 

B 



210 Hypertension 

L. Hypertension 

J. General observations 

It is only within comparatively recent years that the importance of blood 
pressure estimations in children has been fully recognized and hypertension has 
proved to be by no means so rare a disorder as formerly supposed. The normal 
blood pressure of a child is considerably below that of the adult, and in the 
Table below are set out approximate normal levels for the various age groups 
(after HAGGERTY et al.): variations greater than twice the standard deviation are 
considered pathological. 

Normal blood pre8sure in children 

Age group Systolic level I Diastolic level Age group Systolic level Diastolic level 
± 2 S. D. ± 2 S. D. ±2 S.D. ±2 S.D. 

6 month - 1 year 80±16 44±16 6- 7 years 100±15 56± 9 
1 year . 89±29 60±25 7- 8 years 102±15 56± 8 
2 years 99±25 64±25 8- 9 years 105±16 57± 9 
3 years 100±25 67±23 9-lOyears 107 ± 16 57± 9 
4years 99±20 65±20 10-11 years 111±17 58±10 

5-6years 94±14 55± 9 11-12 years 113±18 59±10 

Pressure readings are only of value when taken with the child physically and 
mentally at rest, and these ideal circumstances are difficult to obtain in out­
patient clinics: admission to hospital and repeated estimations with sedation 
may be required in ,some instances. Sphygmomanometry is apt to give variable 
results in small infants and other methods of pressure estimations have been 
proposed, though none has proved entirely reliable. It is important that the cuff 
used should cover two thirds of the length of the upper arm, different sizes should 
therefore be available for different age groups: a narrow cuff will give deceptively 
high figures. If small cuffs are not at hand, reliable results may be obtained by 
folding full-sized cuffs to fit the arm so that the upper folded part reaches the 
anterior axillary fold, and the lower edge gives comfortable space for the appli­
cation of the stethoscope to the brachial artery. In infants auscultation may be 
difficult, and the "flush" method may be used for recording the systolic level 
(REINHOLD). 

AB in adults, cases of hypertension may be seen in a benign or in a malignant 
phase, but in the great majority of children the first is short, lasting no more than 
two or three years, while the second is, if untreated, uniformly fatal within 
18 months. In contrast with adult disease, however, a cause can be assigned for 
the hypertension in almost all cases. It is true that essential hypertension has 
been discussed by a number of authors, yet with increasing knowledge the number 
of cases which can be allotted to this category diminishes. The cases described 
by COURT, by TAUSSIG and REMSEN, and by ZUELZER et al. , were examples of 
essential hypertension in its malignant phase with the secondary pathological 
changes in the kidney of malignant nephro-sclerosis. Clinically they were indis­
tinguishable from the much more common examples of primary renal disease; they 
all suffered from haematuria and some from terminal renal failure, but at autopsy 
only the vascular lesions and their sequelae were found. HAGGERTY et al. have 
discussed the clinical diagnosis of essential hypertension and describe several 
cases. SOBEL believed that mild degrees of essential hypertension were quite often 
encountered and that a very labile blood pressure in the young preceded more 
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serious trouble in later life; supporting evidence for this view has yet to be 
produced. 

Of the known causes .of hypertension, renal disease is by far the most common 
and is the main topic of this section, but in order to clarify the diagnostic problem, 
the extra-renal causes may be briefly listed. 

Hypertension is characteristic of CUSHING'S syndrome (p. 194) and is often 
found in other varieties of adrenal cortical tumour or hyperplasia (p.276). It 
is seldom the chief cause of symptoms in these cases and its origin will not be 
in doubt. 

Pheochromocytoma (p.191) is a tumour manifesting itself almost entirely 
through its effects upon the blood pressure, it cannot be diagnosed by clinical 
examination and must be sought by appropriate investigations (p. 192) in all 
hypertensive children where the kidneys are normal. It should be noted that 
pheochromocytoma in the young produces the paroxysmal form of hypertension 
less commonly than the sustained form. Ganglioneuroma has been described as 
a cause of hypertension by ENGELS ON et al.; hyperthyroidism and acrodynia 
are other rare associations, but are unlikely to cause diagnostic difficulty. 

Coarction of the aorta causes a considerable difference between the blood 
pressure in the upper and lower limbs, and in the former hypertensive levels 
may be reached. Simple palpation of thefemoral pulse will usually indicate the 
need for investigation of the vascular arrangements. 

11. Renal hypertension 

Although renal disease is recognized as a potent cause of hypertension, the 
precise mechanism by which it produces this result is very far from adequately 
explained. On the basis of Goldblatt experiments it is usually believed that 
renal ischaemia is in so me way responsible, and clinical support can be found 
for this view. Nevertheless the relationship of the two processes cannot be a 
simple one, and much of the experimental evidence conflicts with the view that 
the ischaemic renal tissue produces a hypertensive factor. A discussion of the 
theoretical aspects of the problem would be out of place in this volume, which is 
concerned only with the clinical manifestations; arecent brief review of the 
experimental data is given by FLOYER. 

1. Pa.thology 
Hypertension may accompany the following renallesions: 

a) Glomerulo-nephritis 
In the early stages of acute glomerulo-nephritis (EIlis Type I) the blood pressure 

often rises steeply but falls again after a few days with equal rapidity. In the 
later, chronic stage of this disease hypertension is again a feature: it may be 
symptomless for some years but then enters a malignant phase and at autopsy 
the changes of necrotizing arteriolitis are found to be super-imposed upon the 
nephritic process. A mild degree of hypertension mayaIso accompany the 
nephrotic form of chronic nephritis (EIlis Type II), if it is entering an azotaemic 
phase, which is likely to be fatal. 

b) Chronic pyelonephritis and renal hypoplasia 
This category includes the largest and, from the urological viewpoint, the 

most important group of hypertensive children. However a large number, probably 
Handbuch der Urologie, Bd. XV 14a 



212 Hypertension 

the majority, of children with chronic pyelonephritis have no disturbance of their 
blood pressure and the selective factor is unknoWll. WEISS and PARKER believed 
that there was a significant relationship between the degree and type of vascular 
change in the kidney and the onset of hypertension, but other observers find 
vascular changes in all cases of pyelonephritis, and regard the necrotizing arteriolar 
lesions characteristic of hypertension as the result rather than the cause of 
that disorder. 

Clinically, hypertension is most often found with the contracted kidney, 
which may be due to atrophie pyelonephritis or to congenital hypoplasia: a 
distinction between these two processes is seldom possible, and it is therapeutically 
unprofitable since the treatment and prognosis is the same in both. It may be 
debated whether hypertension can be produced by the smaH but otherwise normal 
kidney (miniature kidney, p.14); HUTOHISON and MONORIEFF reported a case with 
so-called "primary hypertension" in which one kidney was only one third of the 
size Of its fellow but otherwise normal, a finding which might suggest that 
uncomplicated hypoplasia carries some risk, but at the time of this and other 
early reports the possibility that minor degrees of renal arterial stenosis could 
cause hypertension was not appreciated and such alesion is easily overlooked. 
That hypertension can occasionally result from pyelonephritis without contraction 
of the kidney is demonstrated by the case reported by KOBAYASHI and SAKA­
GUOHI. 

Pyelonephritis is commonly abilateral disease, producing scattered lesions 
throughout both kidneys, but it is on occasions confined to one organ, or even 
to a small segment of kidney tissue. It is clear from the study of these latter 
cases that the factor producing hypertension bears no direct relation to the 
secretory capacity of the kidney and it must be recognized that a kidney which 
is scarred but still capable of concentrating the dye on intravenous pyelography 
may weIl be responsible for a rise in pressure. Removal of a unilateral pyelo­
nephritic kidney will in the early stages reverse the tendency to hypertension, 
but where the blood pressure has been raised for a long period, and secondary 
arteriolar changes are present in the opposite organ, no improvement will follow 
nephrectomy. 

c) Hydronephrosis 

Hypertension is uncommon in the group of diseases resulting in hydronephrosis 
and usually occurs only when pyelonephritis is present as a complication. Never­
theless sterile hydronephrotic kidneys may be responsible and there is even a 
suggestion, from the autopsy findings in infants dying within a few days of 
birth from lower urinary obstruction, that hypertension can occur in utero. 
Bilateral hydronephrosis is apt to be associated with uramnia, and no treatment 
is effective in such cases. 

d) Vascular Iesions 

Direct interference with the main renal artery is uncommon but may occur 
in the case of aneurysm or congenital stenosis. HOOK and JONES, HOWARD et al.; 
and SNYDER et al., have aH recorded cases of aneurysm of the renal artery pro­
ducing hypertension during childhood, with eure following nephrectomy. When 
the aneurysm has a partially calcified wall, casting a ring shadow on X-rays, 
the diagnosis presents little difficulty, but the "berry" aneurysms on one side 
of the artery in SNYDER'S case were only demonstrable by aortography. The 
secretory activity of the kidney and its ability to concentrate dyes may be little 
affected by this vascular change. 
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LEADBETTER and BURKLAND found a curious plug of museie tissue in the 
artery leading to a pelvic ectopic kidney in a hypertensive boy: the kidney was 
otherwise normal but nephrectomy was curative. 

POUTASSE et al. have recently described an idiopathic and probably congenital 
bilateral stenosis of the renal artery. This lesion is only detectable by aorto­
graphy but these writers have brilliantly demonstrated its causative relation to 
hypertension in a boy of 15 years: a by-pass of the stenosed segment using a 
freeze-dried homograft brought the blood pressure down to normal. Since the 
stenosis is very easily overlooked at nephrectomy it seems likely that this lesion 
was involved in some of the eures reported to follow removal of a small, or poorly 
functioning, but histologically normal kidney (e.g. HIGGINS et al. , GRIFFITHS). 

It must be recognized that in unilateral arterial stenosis, as in the WILSON 
and BYROM experiments, the affected kidney is protected from the hypertension, 
and is histologically normal, whereas the contralateral organ shows arteriolar 
lesions (lSAACSON and WAYBOURNE). 

Ligature of aberrant arteries during operation for hydronephrosis must often 
produce an area of renal ischaemia, yet reports of consequent hypertension are 
surprisingly rare, and often questionable (e.g. 0STER). Probably only partial 
arterial obstruction causes hypertension and ligature produces complete 
obstruction. 

Venous thrombosis is apparently also capable of producing hypertension if 
recovery of renal function occurs (PERRY and TAYLOR). 

e) Injury and perinephric haematoma 

MATZNER and SOBEL have both recorded hypertension of rapid onset following 
rupture of the kidney, cured in both instances by nephrectomy. It is postulated 
that the perinephric haematoma acts like the cellophane envelope in PAGE'S 
experiments and compresses the kidney. I have seen transient hypertension 
after heminephrectomy which may have resulted from the same mechanism. 

f) Tumour 
Nephroblastoma is often associated with hypertension, though this is symptom­

less and usually unrecorded (see p. 181). In one of my cases, however, it was 
the observation of hypertension during the investigation of general ill-health 
which led to pyelography and the discovery of the tumour. The pressure falls 
after nephrectomy and seldom rises again with the appearance of secondaries, so 
that hypertension is probably due to the effects of the tumour upon the kidney. 
BRADLEY and PINCOFFS record an exception: a case in which recurrence of 
tumour was accompanied by recurrence of hypertension but the possibility of 
contralateral renal involvement was not excluded in this case. 

g) Miscellaneous causes 
Polycystic kidneys, renal lithiasis, tuberculosis and amyloidosis are all 

associated with hypertension on rare occasions. 

2. Clinical features 
Except where an acute lesion is involved, such as tumour or acute glomerulo­

nephritis, the onset of hypertension is gradual and the resting systolic pressure 
does not at first exceed 120-140 mm Hg. In this phase the child may be symptom 
free or there may be some falling off of general health with vomiting and 
occasional headaches. Clinical examination will reveal nothing other than the 
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rise of pressure, and the eye grounds appear normal. After a variable period the 
blood pressure tends to rise more steeply, perhaps to a systolic of 200 mm Hg; 
headaches become severe and disabling, and there may be some blurring of 
vision. The ophthalmoscope shows retinal haemorrhages and exudates. Later 
still, in the true malignant phase, haematuria will occur whatever the primary 
lesion, together with haemorrhage from the nose and bowel. The child becomes 
almost blind and papilloedema will be observed. Cardiac failure with pulmonary 
oedema and severe dyspnoea follows and may be fatal, although spontaneous 
temporary remissions are still possible. Many of the children suffer attacks of 
hypertensive encephalopathy, with convulsions and coma, and these may be the 
first evidence of the disease in some. Abdominal pain and intestinal distension 
are due to the formation of multiple necrotic ulcers in the ileum, which may 
bleed or perforate. Although there is considerable variation from case to case, 
the symptoms are in general proportional to the elevation of blood pressure, and 
the more steeply it rises, the shorter will be the duration of the illness. 

3. Investigations 
In a disease with such an extremely poor prognosis, it will be clear that the 

fullest investigations are justifiable, for in the early surgical correction of the 
causative lesion lies the only hope of cure. Except wp.ere the clinical findings 
suggest an extra-renal cause the first investigations should be examination of the 
urine and intravenous pyelography. The X-rays will immediately reveal a tumour 
or hydronephrosis, or may suggest the presence of pyelonephritis. In the latter 
case the films must be carefully scrutinized in order to decide whether the disease 
is unilateral or bilateral; examples of the typical deformities of the pelvis and 
calyces are illustrated in Figs. 93 to 96 and 132; the outline of the kidney substance 
must also be traced, for scars in the parenchyma may show here and nowhere 
else. Where renal function is poor, retrograde pyelograms and differential 
analysis of kidney urine may be helpful. In doubtful cases, and where intravenous 
pyelography shows no definite abnormality, aortography should be undertaken: 
this may demonstrate abnormalities of the renal artery, and will also give a clearer 
outline of the whole renal shadow. Incidentally it may also localize a pheochromo­
cytoma (p. 192). In chronic glomerulo-nephritis the function of both kidneys is 
poor, but there is no significant deformity of the pelvi-calyceal system. 

4. Management 
The cases presented to the urologist fall into two main groups: first those 

children with symptoms related to the urinary tract disorder in whom hyper­
tension is discovered on routine examination, and second those who have 
attended the paediatrician because of hypertensive symptoms and who are 
referred for urological investigation. Those in the first group, with the disease 
still in its benign phase, have naturally the better prognosis, but the surgical 
management is similar in both groups: permanent cure can only be achieved by 
excision of the affected renal element and no fall in blood pressure can be expected 
as a result of conservative procedures aimed at securing better drainage of the 
urinary tract, even though these may be indicated for other reasons. Nephrectomy 
is therefore clearly indicated in unilateral cases of hydronephrosis, stone, tumour, 
tuberculosis or rupture. The same treatment may be applicable in cases of 
abnormalities of the main renal artery, although the work of POUTASSE et al. 
already referred to demonstrates the possibility of correction by arterial grafting. 
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Unilateral pyelonephritis is a tantalizing problem to the surgeon; since the 
first report of BUTLER in 1937, there have been many published re cords of 
successful nephrectomy (though mostly with inadequate follow-up), yet in the 
experience of any individual the failures have greatly outnumbered the successes 
even when all precautions in establishing the normality of the contralateral kidney 
have been observed. The failures are undoubtedly due to the inadequacy of our 
methods of detecting pyelonephritic changes unaccompanied by gross scarring, 
and to the secondary vas-
cular lesions which occur in 
long standing hypertension. 
Since the progressive failure 
of the renal excretory acti­
vity is also a danger in 
pyelonephritics, nephrec­
tomy should be restricted 
to those with anormal blood 
urea in which all available 
tests incIuding renal biopsy 
indicate the opposite kid­
ney to be free of disease, 
and those in which the af­
fected organ is so small and 
functionless as to be of no 
value to the child. The 
operation itself is usually 
simple and free from com­
plications; only where there 
has been cardiac failure or 
encephalopathy is pre-ope­
rative medical treatment 
required. In the successful 
case, the pressure will fall 
immediately,. or at least 
within 48 hours; in others 
there is not infrequently a 
transient fall followed by 
a slow rise, though it is 
sometimes months or years 
before the original level is 
reaehed. HILLEBRAND sug­
gests that there is a possi-

Fig. 132. Simple megaureter with chronic pyelonephritis. Late cysto­
gram taken two hours after filling the bladder. A boy aged 4 yea.rs 
snffering from hypertension and ehronie urinary infeetion. l.V.P. 
showed no seeretion by the right kidney, and the ureterie oriflee on this 
side eould not be catheterized. On eystography there was no imme­
diate reflux, but the ureter was filled in the late films . Nephrectomy 
resnlted in a faU of blood pressure to anormallevel: it hag remained 

low for one year 

bility of late improvement following nephreetomy, though this is not the ex­
perience of most observers. 

The treatment of bilateral disease and "failed nephrectomy" is largely 
medieal: sympathectomy has little place in the treatment of hypertensive ehildren, 
and sub-total adrenaleetomy is a proeeddte Jet tö be fully evaluated, though 
PICKERING et al. report a partial sueeess in a ehild. Hypotensive drugs are often 
of great value; they are eapable of reducing the blood pressure in renal disease 
at least as effieiently as in essential hypertension (WILSON and ABRAHAMS), of 
alleviating symptoms and prolonging life, but permanent eure eannot be obtained 
by their use. Any of the drugs used in adult hypertension may be administered 
to children in appropriately redueed dosage; hexamethonium bromide and 
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Ansolysen (Pentolinium tartate) are administered by injection, Serpasil (Reserpine) 
can be given by mouth. The dosage is determined empirically, and the child must 
be in hospital during the trial period. The first dose should be very small (Hexa­
methonium bromide 10 mgm, Ansolysen 2 mgm, Serpasil 0.1 mgm) and the 
effect on the blood pressure must be carefully followed; the final dose employed 
may be 10 times these figures but increases should be given cautiously and under 
observation. 

A full drop to anormal pressure should not be aimed at for this will involve 
too great a risk of sudden postural hypotension. Side effects such as bowel 
disturbances are often tiresome. Because hypotensive treatment is essentially 
symptomatic treatment, it is probably unwise to employ it in the symptomless 
case, but if a sudden rise of pressure gives warning of the approach of the malignant 
phase the drugs should be started. 

According to WILSON and ABRAHAMS the duration of life in medically treated 
renal hypertension is closely related to the level of blood urea: uraemic cases are 
sometimes made worse by hypotensive drugs and deteriorate rapidly. 

M. Renal failure and allied disorders 

I. Acute renal faHure 

Children are, in general, little exposed to those hazards, such as crush injuries 
and obstetric complications, which are common causes of acute renal failure in 
adults, but are much more liable to episodes of severe dehydration producing renal 
damage: the circumstances of the onset of anuria are therefore often different 
but the general principles of management are the same at all ages. 

In the new-born aperiod of anuria lasting 24-48 hours after birth is not 
abnormal, and requires no treatment. Cases of bilateral renal agenesis seldom 
live long enough for the anuria to cause concern. 

Birth trauma and neonatal asphyxia may lead to a considerable rise of blood 
urea in the following days: J ONSSON believes that this is due to a type of "lower 
nephron nephrosis ", though urine secretion does not cease in these cases. MCCANCE 
has demonstrated, however, that in the neonatethe urea clearance rate is low,and 
that the ingested protein is largely used in tissue building at this stage: should 
this process be halted or reversed by a traumatic episode protein catabolism will 
lead to a sharp rise in blood urea levels even in the presence of normal kidneys. 
This explanation is probably correct for some cases, but the problem of clinical 
diagnosis in the uraemic neonate is still confused, and some infants who ultimately 
recover completely have firm and slightly enlarged kidneys when first seen. 

This section is principally concerned with cases of anuria or extreme oliguria 
due to organic renal or ureteric disease, but it must be emphasized that dehydra­
tion and salt depletion, frequently the result of gastro-enteritis, may lead to 
severe oliguria and to a considerable rise of blood urea. These effects (pre-renal 
uraemia) are due to circulatory renal failure; they are in the early stages un­
accompanied by histological change in the kidney and are easily reversible ü the 
deficiency in water and electrolytes is made good; if allowed to go unchecked, 
however, the circulatory failure will lead to renal tubular necrosis which is 
discussed below. 
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1. Pathology 

a) Acute tubular necrosis 

This lesion, which has gone under a variety of names such as "lower nephron 
nephrosis", "crush syndrome" or "haemoglobinuric nephrosis" may result from 
a variety of insults, and especially in children it is by no means easy to identify 
the particular cause. The precise local pathology has been clarified by the work 
of OLIVER et al. and later by DARMADY. Where the disorder is primarily a failure 
of the circulation, whether loeal or general, the changes are described as "tubu­
lorrhexis"; degeneration and desquamation is found at various levels of the 
nephron, often with complete disruption of the basement membrane, and the 
formation of tubulo-venous anastomoses. The glomeruli remain intact, and there 
are usually some nephrons which escape damage altogether. Where the primary 
disorder is one which releases large quantities of pigment into the circulation, as 
in aeute haemolytic anaemia and mismatched blood transfusion, pigment casts 
are found in the tubules. It seems unlikely that these casts cause serious ob­
struction, though their presence may perhaps be an additional embarrassment to 
the kidney. The interstitial tissue is oedematous and may be infiltrated by 
inflammatory cells. 

Where a toxin, such as one of the metallic poisons, is primarily involved, all 
the nephrons will be affected but the damage may be confined to a specifie level 
of the nephron, often the proximal tubule, and epithelial desquamation may occur 
without rupture of the basement membrane. However, the general action of the 
toxin may itself result in eirculatory failure, while carbon tetrachloride and other 
organic poisons are eapable of producing a loeal vascular disorder, so that tubu­
lorrhexis may occur. In sulphonamide poisoning the lesions are the result of 
hypersensitivity rather than toxieity. 

Anuria results partly from the failure of glomerular filtration due to the 
cireulatory disorder, and partly beeause of eomplete reabsorption of the filtrate 
which enters the interstitial tissues from the ruptured tubules. The proeess of 
repair begins within a few days, however, and in many cases an adequate functio­
nal recovery is possible through epithelial regeneration and through hypertrophy 
of surviving elements. At first tubular funetion will be inefficient; urine excreted 
will be isotonic with a plasma ultrafiltrate and will contain such substanees as 
amino-acids and glucose. With time, however, normal urine will be elaborated 
though urea clearance levels are likely to remain below normal. 

b) Acute glomerulo-nephritis 
RUBIN states that anuria or extreme oliguria oceurs in about 5 % of the cases 

of acute glomerulo-nephritis in children. The tubules remain intact and fatal 
eases are very rare. 

c) Bilateral renal venous thrombosis 

Bilateral venous thrombosis (p. 230) and symmetrical cortical necrosis 
(p. 229) are relatively common causes of anuria in the neonatal period: their 
pathology is discussed elsewhere and recovery is unlikely. 

d) Suppurative nephritis 

The rapid destruction of the parenehyma whieh oceurs in bilateral metastatie 
suppurative lesions (p. 150) will produce anuria for the short time of survival. 
Acute pyelonephritis supervening in kidneys already severely damaged by 
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hydronephrosis may have the same result, oIten the terminal event of eongenital 
lower urinary obstruetion. 

e) Ureteric obstruction 

Caleulous obstruetion oI both ureters, or of a solitary ureter, is rare. Ob­
struetion by sulphonamide erystals has been eomparatively eommon during the 
past 15 years, but its ineidenee is deereasing rapidly with the employment oI 
more soluble drugs. Sulphapyridine, sulphaguanidine, and sulphamerazine have 
been the most serious offenders. This type oI anuria may be the result of tubular 
neerosis as weIl as of ureterie obstruetion and both causes may be operative in 
the same ease. The ureters themselves beeome oedematous, inflamed, and are 
Iriable if handled; the obstrueting sludge is eomposed oI epithelial eells and 
debris as weIl as sulphonamide erystals. Sulphamerazine sludge may block the 
urethra rather than the ureters on oceasions. 

2. Clinical picture 

The elinieal pieture at the onset of aeute renal failure is dominated by the 
disorder whieh eauses it, and anuria itself produces so little disturbanee that it 
is often impossible to find out exactly when the last urine was passed. Thus the 
ehild may be severely shoeked after operation or injury, or extremely dehydrated 
as a result of gastro-enteritis. There may have been a blood loss due to injury 
or haemolytie anaemia, and perhaps the additional eomplication of a mismatehed 
blood transfusion. A clear history of the ingestion of some poisonous substanee 
may be obtained, often a ehemieal in ordinary household use whieh the toddler 
has tasted out of curiosity or even when such a history is not fortheoming, a 
toxic origin may be suspeeted from the eoineidence of sudden vomiting, diarrhoea 
and eollapse with the anuria. In the case of sulphonamide renal failure, the dosage 
has usually been exeessive, and the fluid intake has been severely limited by 
vomiting or lack of nursing. The drug has often been administered for an upper 
respiratory infeetion, and in these eireumstanees it may be subsequently diffieult 
to distinguish between sulphonamide anuria and aeute glomerulo-nephritis, 
though oedema and hypertension will suggest the latter. Haematuria preeeding 
the final cessation of urine flow oeeurs in both. Aeute tubular neerosis is a painless 
eondition, and when there is a eomplaint of an aehe in the loin or of ureterie 
eolie, an obstruetive eause should be suspeeted. Renal venous thrombosis in the 
neonatal period is aeeompanied by a sudden enlargement of the kidneys, and 
often by haematuria; symmetrieal eortieal neerosis is symptomless and rapidly 
fatal. Anuria resulting from aeute infeetions in an old ease of lower urinary 
obstruction is easily reeognized. Anuria may very rarely follow bilateral retro­
grade pyelography; the use of sodium iodide is usually blamed, but diodone has 
been responsible where there was a sensivity to that substance (CAMPBELL). 

It must be emphasized that in many eases of anuria in ehildhood, the eause 
eannot be preeisely identified: urine flow eeases in the course of some respiratory 
or gastro-intestinal disturbanee whieh has not produeed severe eollapse. Drugs 
have been administered in ordinary doses, and hypersensitivity is not established. 
Full descriptions of such cases are given by PRATT, and CARRE and SQUIRE: the 
pathology is assumed to be aeute tubular necrosis, and the illness follows the 
usual course of that disease. BULL et al. were the first to give a comprehensive 
description of the various phases of the disease in adults, and to drawattention 
to the fact that many of the lesions are recoverable if the patients can be 
kept alive until renal function returned. The onset phase has already been 
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described, it is followed by the anuric phase, the early diuretic and the late 
diuretic phases. 

During the early part of the anuric phase, there may be few clinical findings 
and the child appears surprisingly weIl. Nausea and vomiting occur later, often 
provoked by the unpalatable diet offered. The child usually remains alert and 
bright despite the rise of blood urea, but if anuria persists, drowsiness, disorienta­
tion and convulsions may appear. Oedema, whether pulmonary or subcutaneous, 
is due to excessive ingestion of fluid and does not occur in properly treated cases. 
Hypertension of mild degree is found in a few. Normocytic anaemia is a constant 
feature in cases of acute tubular necrosis, even when the primary disorder does 
not entail blood loss or destruction, though these factors will accentuate the 
condition. 

On anormal diet, the blood urea will probably rise by 50-100 points each 
day, its rate of increase can be halved by a high calorie, protein free diet. Acidosis 
accompanies the uraemia, but the most dangerous biochemical change is the rise 
in serum potassium, which has caused a fatal termination due to cardiac arrest 
in several reported cases. Low sodium and chloride figures may accompany the 
rise in potassium due to a shift of ions between the intra-cellular and extra­
cellular compartments. Resumption of urine flow may be noted after three or 
four days, but recovery may still occur after a much longer duration of anuria 
or extreme oliguria, periods up to 3 weeks being recorded in adults. 

In the early diuretic phase, small quantities of urine are passed containing 
albumin, glucose, amino-acids, and perhaps casts. During the following three 
or four days the urinary volume rises rapidly; urine concentration is low, but 
because of inefficient tubular function its electrolyte content is variable and may 
be high. The blood urea falls steadily but during the diuretic phase the dangers 
of acute biochemical disturbance are great. Rapid loss of fluid will cause sudden 
dehydration with hypotension and collapse. Loss of sodium or chloride potassium 
may all produce acute disturbances, and in the case of potassium the fall in serum 
level is due not only to the urinary loss but to a shift back into the intracellular 
compartment. The total renal function gradually returns to normal or near 
normal levels, but albumin is found in the urine for many months after the 
anuric episode. Only in the most severe cases of tubular necrosis is there a 
permanent impairment of renal function, or any persistent hypertension. 

The common eauses of death due to acute renal failure are: 
a) An irremediable renallesion. 
b) Overhydration during the anurie phase. 
c) Hyperkaliaemia during the anurie phase. 
d) Dehydration and eleetrolyte loss in the diuretic phase. 
e) Complicating infection of the urinary tract or elsewhere. 

3. Management 

It is likely that some form of treatment will already be in progress when 
anuria is first noticed, such as resuscitation for shock, blood transfusion for 
haemolytic anaemia, stomaeh washouts and the administration of antidotes for 
poisoning. The onset of anuria does not lessen the need for these measures, and 
despite the dangers of overhydration, it is vital that initial dehydration and blood 
loss should be made good, for in this way the circulation will be most rapidly 
restored to normal. 

Diagnostic measures are largely concerned with the elimination of an ob­
structive factor: a straight X-ray of the abdomen for caleuli should be routine, and 
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if there is any suggestion of renal or ureteric pain, cystoscopy and ureteric catheter­
ization should be carried out. In sulphonamide anuria, such catheterization is 
probably always wise, although acute tubular necrosis may be present as weIl 
as, or instead, of ureteric obstruction. The ureteric orifices in the obstructive cases 
are reddened and oedematous: a plug of yellow sludge can be seen within the 
orifice or can be brought down by passing the catheter in and out a few times. 
Indwelling catheters are seldom useful, and if blockage recurs after the plug has 
been released pyelostomy is preferable. There is often an element of spasm in the 
obstruction and when one ureter has been unblocked, both kidneys often start 
secretion. Other surgical measures aimed at starting the urine flow are seldom 
of value and have been largely discarded: spinal anaesthesia or novocaine block 
of the renal pedicle as advocated by BARTHELEMEY may occasionally be useful 
in calculous or sulphonamide obstruction, but not in acute tubular necrosis. 
Decapsulation of the kidney has failed so often that it should no longer be advised. 
Similarly medical treatment with diuretics in the presence of severe tubular 
damage is without theoretical justification or practical advantage. 

The fundamental principle in treatment is the maintenance of the biochemical 
state of the body fluids as near to normality as possible until renal function 
returns. No more fluid must be administered than leaves the body, and the rate 
of protein catabolism must be reduced to the minimum. No protein is given in 
the diet, and a high calorie intake is supplied to spare the breakdown of body 
tissue. 

Thus provided the child is not in astate of dehydration, the fluid during the 
anuric phase must be restricted to rather less than the amount of insensible 10ss, 
as estimated by daily weighing (insensible 10ss = body weight loss + weight of 
food and water intake - weight of urine, vomit and faeces). Although standard 
figures have been given for the insensible loss in basal conditions (1 gr/kilo/hour 
for infants; 0.8 grJkilo/hour for bigger children) in the circumstances of anuria, 
10ss will be perhaps twice as great. PRATT for instance found that a 7 kilo baby 
required 300 ccs per day. Some loss of weight should be allowed, however, since 
it is impossible to provide a fully adequate calorie intake. Calorie requirements 
for infants are 100 caloriesJkiloJday; for older children 75 calsJkiloJday, and should 
be given in the form of a peanut oil-glucose (1 :4) mixture emusified with acacia 
in the calculated volume of water. This is distinctly unpalatable and is best 
administered by a continuous intragastric drip, together with vitamin supplements 
(but not fruit juices containing potassium). Vomit should be collected, strained 
and returned to the drip. In some cases the consequent gastric disturbance is 
too great to allow the continuation of this method, and instead a 10 to 20 % glucose 
solution is given via a polythene tube into the superior vena cava. This may be 
maintained for some days. 

These conservative measures should suffice until urine flow recommences and 
although the blood urea will rise to very high levels other electrolytes may remain 
within the normal limits. In general, variations of the sodium chloride and bi­
carbonate figures during anuria may be ignored, but overhydration and hyper­
kaliaemia may demand active treatment. Methods of artificially relieving these 
accumulations have included extra-corporeal dialysis (the artificia1 kidney), 
peritoneal lavage, and exchange transfusions. The first mentioned requires a 
highly expert team and can only be employed in a special centre; its use in the 
child has been reported by MATEER et al. Peritoneallavage in children has been 
described in detail by SWAN and GORDON, who believed it to be of great value 
although hazardous. Exchange transfusion may be more easily applied to small 
children than in adults, but the complications are many. Serum potassium 
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levels may be reduced by the use of ion exchange resins (e.g. ZEOCARB 555) but 
their administration presents many difficulties in infants as the material is hard 
to introduce through a small intragastric tube. MACDoNALD and ROBINSON 
report the successful use of Amberlite XE (20 mgm/day) in older children. 

Great precautions against infection must be observed. Indwelling catheters 
should not be employed, and some routine antibiotic cover may be given. In 
general a single large dose of antibiotic at the onset will suffice for many days, 
since in the absence of urine flow little will be lost. Non-toxic antibiotics such as 
penicillin may be given continuously. 

Once the diuresis commences, the output of fluid must be carefully watched, 
and fuIl replacement ensured; an intravenous drip is almost always required at 
this time. Serum electrolyte estimation should be carried out daily and any 
exceptionallosses replaced without delay. Extra potassium is often needed, and 
should be supplied as a routine in the form of fruit juices. This phase is perhaps 
more dangerous than the preceding one, but reactions are so variable that no 
hard and fast rules can be laid down. 

11. Chronic renal failure 

1. Aetiology 
A very large variety of renal diseases may at times lead to a gradual deterio­

ration of total renal function, and the clinical or biochemie al changes which 
ensue depend more upon the age of onset and rapidity of progress than upon the 
nature of the renallesion. 

During the first and second year of life, chronic renal failure is most often due 
to congenital lower urinary obstruction with consequent hydronephrosis and 
hydro-ureter, or to congenital renal hypoplasia. These lesions continue to be 
found throughout childhood and adolescence, but in later years bilateral mega­
ureter, chronic pyelonephritis, chronic glomerulo -nephritis, and polycystic 
disease are important causes, while many other forms of renal disease, such as 
lithiasis, tuberculosis, amyloidosis, peri-arteritis nodosa are occasionally re­
sponsible. 

The disorder of renal function is very similar in the advanced stages of all the 
diseases mentioned and is for the most part irreversible. The number of functioning 
nephrons is in all cases reduced, with consequent retention of nitrogenous waste, 
while damage to the survivors may be responsible for unusuallosses of electrolyte. 

Many authors have commented upon the frequency with which dilated ureters 
are found in chronic renal failure (e. g. ELLIS and EVANS), and often neither 
clinical nor post-mortem examination has elucidated the cause of the dilatation. 
Undoubtedly some of these cases are lower urinary obstructions and others mega­
ureters, though often pyelonephritic changes have produced more damage than 
the urinary stasis. There is often a suspicion, too, that the extreme polyuria may 
lead to some enlargement of the urinary passages; this can be proved in cases of 
diabetes insipidus, but is not established in cases of renal disease. 

2. Clinical course and biochemical changes 

Chronic renal failure is an insidious process which does not pro claim its presence 
by any urgent sign, and often by the time symptoms have become apparent to 
the child and his parents, destruction of the renal tissue is far advanced. The 
mechanism by which the clinical manifestations are produced cannot be fully 
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explained, the simple accumulation of urea in the body fluids is certainly not the 
important factor, but where possible the signs will be described in relation to the 
biochemical aberrations. 

The growth of the child is retarded, and the milestones of the infant's develop­
ment are reached after some delay. His gain in weight is slow, he does not lift 
his head, sit up or walk until many months after the normal child. The limb 
museies are often hypotonie, sometimes even to a degree where a myopathy is 
suspected. When the failure is of late onset, growth retardation may not be so 
marked, but sexual infantilism is a feature of those who have passed the normal 
age of puberty. 

The bone changes and consequent limb deformities are often the presenting 
complaint: they are not seen before the end of the first year, and are most marked 
in those very slowly progressive disorders which are fatal only in early adult life. 
The complexity of the "renal rickets" problem is such that the topic has been 
allotted aseparate section (p. 224). 

The skin is sallow, dry and wrinkled, sometimes it is deeply pigmented. 
Anaemia is almost always present: it is normochromic and normocytic, and its 
cause is unknown. Haemorrhages from all mucous surfaces may occur in the 
terminal states, or when acute infections complicate the picture. 

Thirst and polyuria are characteristic symptoms, the urine is extrmnely dilute 
and often has a specific gravity as low as 10020r 1003. In the advanced stages 
of failure, urine remains isotonic with a plasma ultrafiltrate, the specific gravity 
is approximately 1010 and cannot be altered by varying the fluid intake. It is, 
of course, the inability of the kidneys to produce a concentrated urine which causes 
the high fluid intake, and if infection or gastro-intestinal disturbances interfere 
with this intake, the loss of body water will lead to dehydration. This in turn 
results in circulatory renal failure which will, if uncorrected, be rapidly fatal. 
Plentiful fluids are essential therefore to the well-being of these children, but the 
polyuria itself may cause frequency and enuresis which are troublesome. 

The blood urea in these cases is always raised, and though for long periods 
it may be very little above the normal limits, it is extremely labile and a minor 
infection or slight dehydration may send it rocketing up from 50 to 150 or 
200 mgmjl00 ml in the course of 48 hours. Levels of 70 or 80 are compatible 
with apparent good health in many children with chronic renal failure: some go 
much higher without serious symptoms, and terminally levels of 400 are not 
uncommon. The blood urea is, therefore, only of value in assessing the state of 
the kidney if aseries of estimations is available: not only are temporary variations 
common, but extra-renal factors, such as sudden acceleration of protein break­
down, may be responsible for a rise. 

Vomiting is frequent in renal failure at all ages, the infant is particularly hard 
to feed, and very reluctant to take solid food. Constipation is a common complaint, 
and hard dry stools are doubtless often the counterpart of polyuria. Diarrhoea 
occurs from time to time in seriously ill cases. Intestinal distension is often seen 
in the infants with lower urinary obstruction. 

Headaches are an occasional symptom, though they are seldom severe unless 
there is an associated hypertension. Severe acidosis is the normal accompaniment 
of uraemia, causing deep hissing respiration and later coma, while a mild depression 
of the serum bicarbonate is often found in symptomless cases. The acidosis 
results from 10ss of the sodium ion and retention of phosphate and other anions 
(Fig. 133). Sodium may be lost into the stools in diarrhoea, or temporarily into 
the intestinal contents in cases of gross intestinal distension, but a tubular failure 
is chiefly responsible. There is an impairment of the mechanism of excreting 
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hydrogen ion, and of manufacturing ammonia in order to conserve the fixed bases, 
and sodium is therefore lost in the urine. At times this tubular loss of sodium may 
be extreme, and dominate the entire clinical picture, leading to collapse and 
circulatory renal failure as in Addison's disease: this "salt-Iosing" syndrome 
was first described by THORN et al. , and has usually been reported in adults. 
Similar specific loss of potassium due to pyelonephritis is rare, and some of the 
earlier recorded cases are now recognized as examples of primary aldosteronism 

Time 
E·ig. 133. Chart to show variations in the serum chemistry in a boy admit,ted at the age of 4 days. suffering from 
retention due to urethral valves. The hatched areas represent the limits ofnormality for the electrolytes and urea; 
the continuous lines represent the actualleveJs throughout the first 32 days of treatment. Marked acidosis with 

lowered sodium levels occurred during the first weeks 

due to adrenal tumour, but one of my cases of lower urinary obstruction died of 
hypokaliaemia which appeared to result from excessive urinary losses, and milder 
chronic depletion has occurred in others. 

Phosphate and sulphate are retained because of a low glomerular filtration 
rate, and are partly responsible for the acidosis. This rise in serum phosphate 
causes a corresponding depression in the total serum calcium, hut hecause an 
acidosis is present at the same time, the ionized calcium remains near normal 
levels. Tetany will appear if the ionized calcium level falls, and although latent 
tetany is often detectahle in late renal failure, actual tetanie spasms usually result 
from the ill-judged administration of alkalis. Although vomiting is common in 
these cases, it seldom results in alkalaemia since there is hypochlorhydria. 

Occasionally the renal loss of electrolytes has proceeded rapidly hut the child 
has only had water to drink: thus although the child may he dehydrated, the 
serum is hypo-electrolytaemic (Fig. 134). The great danger of this state lies in 
the fact that if more water or isotonic fluid is administered, the extra-cellular 
fluid is expanded hut is hypotonie in relation to the intracellular fluid. Osmotic 
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forces then drive water into the ceHs, and consequent ceHular overhydration 
leads to convulsions, coma and death. 

3. Bone changcs - renal osteodystrophy 

The recognition that retardation of growth in renal disease was accompanied 
by bone changes was first emphasized by BARBER, and later described by PARSONS, 

Time 
Fig. 134. Chart to show variations of thc serum chemistry in a boy agcd 
20 months with chronic retention due to bladder neck obstruction. On 
admission all the electrolyte levels were depresRed. although there was 
severe dehydration; water and electrolyte had been lost, largely into the 
bowel, and had been replaced only by water. The fall in blood urea at the 
end of the first week was associated with cerebral and pulmonary oedema, 
the Inter rise came with a considerable improvement in the clinical condition 

by DUKEN and others. 
In children the changes 
often resemble dietary 
rickets, and the term 
renal rickets was applied 
to them. Genu valgum 
is perhaps the most ty­
pical deformity, but dis­
placement of the lower 
ends of the radius and 
tibia is also common, 
and a " rickety rosary", 
beading of the costo­
chondral junctions may 
be palpable. PARSONS 
described three radio­
logical varieties: 

a) Atrophie type: in 
addition to rachitic chan­
ges at the epiphyses, thc 
bones as a whole were 
rarified. 

b) Florid type: severe 
rachitic changes without 
alteration of the shaft. 

c) "W oolly " type: 
entirely peculiar to this 
condition, the meta­
physes were enlarged, 
and the distal end of 
the diaphysis honey­
combed and wooHy in 
appearance. 

LANGMEAD and ÜRR, and subsequently many other writers, recognized the 
similarity of many of the changes to osteitis fibrosa resulting from hyperpara­
thyroidism, and for a time it was supposed (ALBRIGHT and RIEFENSTEIN) that all 
the bone lesions were due to parathyroid dysfunction. Parathyroid hyperplasia 
is almost always found at post-mortem in long standing cases of renal failure, and 
DRESKIN and Fox were even able to demonstrate improvement in the bone state 
after removal of a hyperplastic parathyroid gland in the course of "biopsy " . 
It was believed that phosphate retention led to a fall of serum calcium with 
consequent stimulation of the secretion of parathyroid hormone. This factor 
then resulted in mobilization of calcium from the bones, and the changes of 
osteitis fibrosa. However, on rare occasions normal phosphate values may be 
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recorded in these cases, and histological studies do not confirm the hypothesis 
that osteitis fibrosa ac counts for all cases (GILMüUR, FÜLLIS). The possibility 
of a disorder of Vitamin D action was suggested by many observations: DUKEN, 
GRAHAM and ÜAKLEY, SHELDON and other writers recorded the apparent healing 
which could be obtained by the administration of very large doses of Vitamin D, 
and finally LIU and CRU demonstrated that these cases have an acquired insensiti-

Fig.135. Renal rickets of the "tubular" variety. X-ray of the knees of a boy aged 6 years with nephrocalcinosis, 
anormal blood urea, and a severe h yperchloraemic acidosis. He was first treated for multiple calculi in dilated 

ureters at the age 01 3 years (Fig. 101) and the disofller of renal function only becarne evident later 

vity to Vitamin D in normal doses , resulting in impaired absorption of calcium 
from the gut. The relationship between this defect and parathyroid hyperplasia 
is not fully explained. 

In the cases with reduced glomerular filtration and raised blood urea it is 
doubtful whether the bone changes can be attributed to chronic acidosis which 
results in the mobilization of calcium. Correction of the acidosis alone has not 
resulted in any improvement in the bone disease and advanced changes may 
be demonstrable in children with little alteration of the serum bicarbonate level. 
Bone changes can occur, howcver, in cases with predominantely tubular lesions, 
having anormal blood urea but a severe hyperchloraemic acidosis (" tubular 
Tickets " ). This is most often seen in ALBRIGHT'S syndrome (p. 234), but may 
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also complicate obstructive uropathies where the renal damage has been selective 
(Fig. 135). A case of this type in which acidosis is playing an important part in 
osteodystrophy may be recognized from the high level of the urinary calcium: this 
is characteristic of the tu bular cases but is not found in the typical azotaemic 
disease. 

Most contemporary writers agree that the bone lesions in renal disease are 
due in various degrees to hyperparathyroidism and to Vitamin D insensitivity 
with impaired absorption of the calcium. The radiological signs of these two 

Fig. 136. Renal rickets. X·ray of the wrist of a boy aged 3 years 
with urethral valves. Although there was advanced hydronephrosis. 
no disorder of micturit.ion had been noticed. The extremities of the 

diaphyses of the radius and ulna are displaced and eroded 

disorders are distinguish. 
able, though both may be 
present in the same child. 
The appearance are discus· 
sed by BRAILSFORD and by 
DENT and HODSON. 

a) Rachitic changes 

The shafts of the long 
bones show neither osteo· 
porosis nor softening, both 
compact and cancellous 
zones are normal. The 
metaphysis is a little deep. 
ened and widened owing 
to the deposition of the 
large amount of osteoid 
tissue; the extremity of 
diaphysis is irregular and 
woolly (Fig. 136), but the 
bone immediately behind it 
is normal. Slight displace. 
ment of the epiphysis may 
occur. The changes are 
more prominent at the 
knees than at the ankles, 
and there is no involvement 
of the skulI. 

b) Osteitis fibrosa changes 

There is osteoporosis of the whole skeleton, and in advanced cases long bones 
consist of coarse cancellous bone only. Early changes are found in the cortical 
zone of the middle phalanges which shows sub.periosteal erosion (Fig. 137). The 
metaphysis is much thicker than normal, the extremity of the diaphysis is cupped, 
and has a "ground glass" structureless appearance. Bending of the shaft and 
gross displacement of the epiphysis may occur in this type. 

Unfortunately there is still disagreement and confusion in regard to these 
radiological appearances; for instance the term "rotting stump" originated by 
TEALL has been applied to the rachitic change as weIl as to the osteitis fibrosa 
type. CRA WFORD et al. have further drawn attention to the existence of a third 
type of bone reaction - osteosclerosis. Hyperparathyroidism is not invariable 
in this type, and no explanation can be given for the appearance. 



Management 227 

In the late stages of the osteitis fibrosa type, calcifications appear in the soft 
tissue. The media of the arteries of the limbs may be chiefly affected, or soft 
malleable masses of putty-like substance may be deposited in the subcutaneous 
tissues. Such calcification is particularly likely to complicate cases where large 
doses of Vitamin D have 
been administered. It may 
also be noted that ANDER­
SEN and SCHLESINGER have 
described arterial calcifi­
cation in infants with renal 
failure and hyperparathy­
roidism without any bone 
change. 

The serum chemistry 
in renal osteodystrophy 
has been indicated in the 
preceding section : the phos­
phate level is almost always 
raised (4-12 mg/100 ml), 
the calcium is normal or 
slightly depressed (6-10 
mg/100 ml). The alkaline 
phosphate is increased (15 
to 100 units). Uraemia and 
acidosis of some degree are 
invariable. 

4. Management 
Chronic renal failure due 

to loss of functioning renal 
tissue cannot be repaired 
but superimposed upon this 
10ss there may be an ele­
ment of circulatory failure, 
obstructive uropathy, or 
active pyelonephritis. Cor­
rection of these factors may 
restore chemical equilibri­
um and allow hypertrophy 
of surviving nephrons, so 
that a somewhat precarious 
life may be prolonged. 
Moreover even where no 

Fig. 137. Renalosteodystrophy. The phalanges of a girl aged 12 years 
with chronic pyelonephritis, and a blood urea which had persisted over 
100 mgm/lOO ml for 5 years, but was accompanied by only a mild 
aeidos!s. Films show the characteristic erosion of the terminal phalanx 
and the cortical spicules in the middle phalanx. Administration of 
Yitamin D in large doses resulting in great symptomatic improvement, 

and radiologieal heaJi ng of the bone lesion 

improvement in renal function can be obtained, biochemical treatment may 
allow considerable symptomatic relief. 

The presence of a urinary obstruction can be recognized by the palpation of 
a distended bladder or enlarged kidneys: if retention has become acute, urgent 
drainage is required, but in chronic cases the urine is usually dribbling away and 
it may be preferable to spend some hours 01' even a day in resuscitation and 
control of infection, so that a planned operation may be performed. The type 
of operation required is discussed elsewhere in this volume, but in the presence 

15* 
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of a very high blood urea and urinary infection, it is wiser to perform pyelostomies 
or nephrostomies as an emergency measure, rather than to spend time in investi­
gating the site of obstruction. Suprapubic cystostomy is justifiable when the 
infant's eondition permits no more than a "stab" under loeal anaesthetic; an 
indwelling urethral catheter may be employed in older children, or rarely in 
young girls, but in male infants the lumen is seldom adequate to allow free drainage 
and catheters should only be used for the relief of acute retention. Very severe 
pyelonephritis or circulatory failure complicating urinary obstruction may lead 
to oliguria so that the bladder may not be palpably distended, but the obstructive 
nature of the disorder will become evident if the general condition improves. 
In calculous disease, and in other upper urinary tract disorders, the obstruetive 
element may only be reeognisable from X-rays and retrograde pyelograms, so 
that doubtful eases must always be subjected to fuIl urologieal investigation. 
In the circumstances of ehronic renal failure, however, intravenous pyelography 
is not helpful, and carries adefinite risk: it should not be performed when the 
blood urea is over 100 mgm/100 ml. Ureterie catheterization is also attended 
by some hazards; sodium iodide should not be used as a contrast medium (diodone 
or one of the organic compounds is much safer) and the injection should ne ver be 
made und er pressure. 

Dehydration is the most important biochemie al disturbanee of ehronic renal 
failure: it is usuaIly a mixed deficiency of water and salt. Headaches, thirst and 
weakness are the complaints of the older children, but in infants it must be 
recognized from the clinical signs, apathy, loss of elasticity in the skin, sunken 
fontanelle, dry tongue, and sometimes a high temperature. 

Electrolyte estimations are of great assistance in choosing the "repair" 
solution to be used: water is usually the most immediate necessity, but acidosis 
may demand lactate solution, and a low chloride may indicate the need for saline. 
In the rare cases of dehydration accompanied by low total electrolyte levels, 
hypertonic solutions may be required, but should be used with great caution and 
preferably by intragastric drip. Where possible all fluids should be adrninistered 
by mouth, and a parenteral route only employed in the very weak or comatose 
ehildren. 

The progress of rehydration must be followed by daily weighing, measurement 
of urinary output, and at first by daily electrolyte estimations. Calorie re­
quirements should be met by glucose only at first, or the glucose-peanut oil 
emulsion devised for the treat~ent of anuria (p. 220) which may be given through 
an intragastric tube. When the anaemia is severe, small blood transfusions may 
be required, and are often helpful in assisting the contral of chronic urinary in­
fection, but must be used with caution in the presence of high blaod urea. Fresh 
rather than stored bload should be used, as potassium leaves the ceHs in the 
stored variety and transfusion may result in an abrupt rise of serum potassium 
which the damaged kidneys cannot correct. 

A sudden rise of serum potassium associated with a ri8e of blood urea and a 
fall in chloride may be seen in so me infants with chronic renal failure after oper­
ation, or at the onset of a generalized infeetion. It i8 a temporary phenomenon 
perhaps associated with increased pro tein catabolism, and may be corrected by 
the administration of insulin and glucose. 

In long standing cases of renal failure the correction of acidosis carries the 
risk that because of lowered calcium levels, alkalis may precipitate tetany. Calcium 
gluconate should therefore be administered at the same time as a sodium citrate 
mixture. 
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It has been seen that the bone changes of renal osteodystrophy appear to 
result primarily from an acquired insensitivity to Vitamin D, and DENT has 
shown the extraordinary radiologie al and symptomatie improvement whieh may 
be obtained by very large doses of this substance. Moreover, the hypotonie state 
of the musculature and general weakness which are seen in infants without bone 
changes are also improved by the same treatment, and are probably due to the 
same deficiency. Either calciferol or dihydrotachysterol may be employed, and 
doses may vary between 0.5 mgm and 5.0 mgm daily: these quantities carry a 
considerable risk of toxic damage to the kidneys and of precipitating metastatic 
calcification, and must therefore be carefuHy controHed. Treatment should be 
started in a unit equipped for metabolie work, and the dose judged from the 
biochemie al response; hypercalcaemia or a strongly positive calcium balance 
indicates overdosage. In spitp, of these difficulties satisfactory treatment can 
lead to healing of the bone lesions, both in the rachitic and the hyperparathyroid 
types, to restoration of museIe power and to a general weH being. Temporary 
lowering of the blood urea may be seen but no real improvement in renal function 
is to be expected and ultimately the disease will prove fatal. 

III. Renal vascular disorders 

1. Bilateral cortical necrosis 
Symmetrical cortical necrosis has been reported in a considerable number of 

infants and children during the past seven years, and although the paper of 
CAMPBELL and HENDERSON in 1949 was the first to draw attention to the 
condition in this age group, it is clearly not a very rare lesion. Infants during 
the first year are most likely to be affected, and in the literature more boys have 
been reported than girls (LELONG et al.). The etiology of the disease remains 
obscure, but a severe bacterial infection has been present in the majority of cases, 
and a toxic effect upon the renal vascular system is postulated. Most authors 
believe that the vascular shunt mechanism described by TRUETA and his co­
workers has so me relevance to the problem. 

Pathologically the kidneys exhibit aseries of small infarcts of the cortex, 
together with haemorrhagic patches: in severe cases the entire cortex is necrosed 
and pale yellow in colour, hut a rim of intact tissue remains immediately under 
the capsule. The main blood vessels are patent, and the urinary passages normal. 
Histologically there appears to be vasostasis in the glomeruli with consequent 
ischaemic necrosis of the cortical tubules and interstitial tissue. Vascular lesions 
mayaIso occur in the intestine. 

There is no distinctive clinical picture and the diagnosis is very seldom reached 
before the autopsy. The child is usually, though by no means invariably, suffering 
from some severe infection, for instance gastro-enteritis, 01' suppurative arthritis, 
and the sudden onset of oliguria or anuria is noticed. A small quantity of al­
buminous urine with a few red cells may be withdrawn by catheter, but nothing 
more. There is little evidence of pain in the renal area, no oedema or rise of blood 
pressure. Vomiting and abdominal distension appeal' later, and as the general 
condition deteriorates, convulsions occur. The blood urea rises steadily and death 
usually occurs within 4-5 days of the onset of anuria, though careful treatment 
may prolong life a little (LELONG et al.). 

ZUELZER et al., suggest that mild cases may occur, in which the recovery is 
possible, but they have not yet been diagnosed. Treatment is simply the manage­
ment of acute renal failure (p. 219). 
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2. Venous tbrombosis witb baemorrbagic infarction 

Renal venous thrombosis occurs most frequently in the neonatal period, 
and at this stage is accompanied by haemorrhagic infarction. The thrombosis 
usually begins during aperiod of dehydration associated with toxaemia and 
severe infections, particularly during gastro-enteritis; it mayaiso complicate 
previous renal infections and occasionally it occurs in apparently healthy children 
(the primary type, SANDBLOM). 

a) Pathology 

The pathological appearance depends upon the extent and stage oi the disease: 
the thrombosis appears to start in the small venous radicles, arcuate and inter­
lobular veins, and to spread to the main vessels (MORISON), though a simultaneous 

i 
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Fig. 138. Renal venous thrombosis with haemorrhagic infarction in the 
new-born. Nephrectomy specimen from a boy aged 3 days with haema· 
turia and a hard enlarged right kidney. The thrombus extended into the 
inferior vena cava, but the opposite kidney was not involved. The infant 

died shortiy after operation from shock 

onset over a wide area 
probably occurs at times. 
The consequent infarction 
may be partial or com­
plete, and in acute cases 
is haemorrhagic so that 
the kidney structure be­
comes completely dis­
organized. In fact it ap­
pears that in the most 
rapidly fatal cases there 
is extensive haemorrhagic 
infarction without throm­
bosis, so that perhaps 
haemorrhage and throm­
bosis both result from a 
common factor: ZUELZER 
et al. suggest sudden com­
plete venous stasis due to 
dilatation. In less severe 
examples there is exten­
sive coagulative necrosis 
and areas of liquefaction, 

with haemorrhages chiefly in the medullury zone (Fig. 138). Where local infection 
precedes or follows infarction, abscess formation will occur. The disease may 
be bilateral from the onset, and in unilateral cases there is a risk of extension to 
the opposite kidney. A fatal outcome is to be expected when both kidneys are 
involved, though a recovery has been recorded by FALLON. Canalization of the 
thrombus may restore circulation, though atrophy of the kidney perhaps compli­
cated by hypertension is likely. Unilateral cases may be cured by nephrectomy. 

b) Clinical features 

The clinical picture is variable; where the destructive process is rapid the 
infant dies soon after its admission to hospital and no diagnosis is made: the 
severity of the gastro-enteritis and toxaemia diverts attention from the urinary 
tract, so that no signs relevant to the kidney are observed. 

A sudden enlargement of the kidney coinciding with a rapid deterioration 
of the general condition is characteristic. One or both kidneys may be palpable, 
they are very firm or even hard, and since the disease is occurring in the neonatal 
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period, lobulated. There may be some evidence of pain in the renal area. The 
urine is often heavily blood stained for a time, but in extensive bilateral infarction 
no urine will be secreted. Except in the cases with antecedent infection, the urine 
passed will only contain a few white cells, with a considerable quantity of albumin. 

Intravenous pyelography may be performed in so me of the older infants 
whose general condition permits it: the affected kidney is non-functioning. On 
retrograde pyelograms, the renal pelvis may not fill at all , or there may be an 
extensive extravasation of dye throughout the necrotic kidney substance (CAMP­
BELL and MATTHEWS). Unless this picture is obtained, cases of infarction are 
very likely to be mistaken for renal tumour or polycystic disease, although the 
nature of the onset should suggest the correct diagnosis. 

c) Treatment 
In unilateral cases, where the opposite kidney is normal, urgent nephrectomy 

is the treatment of choice. The operation in best performed by the trans-abdominal 
approach so that the extent of thrombosis is the renal vein and inferior vena cava 
can be clearly visualized, and a thrombus removed from the latter if necessary. 
The kidney is often friable, and attached to surrounding structures so that 
tearing is very likely to occur. There is little perinephric fat at this stage to 
provide a clear plane of separation. Since CAMPBELL and MATTHEW'S original 
case, a number of successful nephrectomies have been reported in unilateral 
disease. 

In bilateral cases, heparin may be administered in the hope of preventing 
spread of the thrombosis, and the regime recommended for anuria should be 
adopted. The prognosis is almost but not entirely hopeless. 

3. Venous obstruction with thrombosis of inferior vena cava 

This form is rare, and more likely to affect older children. Inferior vena cava 
thrombosis alone will cause oedema of the lower limbs and dilatation of the veins 
on the abdominal wall: the onset of the thrombosis is seldom recognized, and its 
effects are insidious in their appearance. When the renal veins are partially 
occluded, there is often albuminuria and generalized oedema simulating ne­
phrosis; hypertension mayaIso be a feature (PERRY and TAYLOR). The diagnosis 
by venography is discussed by STEINER. No surgical treatment is advocated at 
present. 

4. Arterial occlusion 
Large emboli rarely lodge in the renal arteries but these may be occluded by 

emboli and thrombosis in the aorta. Most of the recorded cases have been 
neonates, and the source of the emboli has been the ductus arteriosus or the 
obliterating umbilical arteries. Death has resulted from anuria (ZUELZER et al. , 
GROSS). 

Small septic emboli in bacterial endocarditis produce pyaemic foci in the kidney 
(p.150). 

Chronic partial obliteration of the arteries causing hypertension is discussed 
on p.212. 

IV. Polyuria and the renal tubular disorders 
The disorders which result in the production of excessively high volumes of 

urine are not for the most part amenable to surgical treatment, but brief mention 
of them must be made here as they often enter the differential diagnosis of cases 
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with frequeney of mieturition and enuresis. Disorders of renal tubular funetion 
mayaiso come to the urologist's attention because of pyuria and nephrocaleinosis 
with stone formation. 

Physiological polyuria occurs during "water diuresis" or during "osmotic 
diuresis". The distal convoluted tubules, under the influenee of the pituitary 
anti-diuretic hormone are responsible for varying the rate of exeretion of water 
and water diuresis oecurs when reabsorption ceases at this level, but sinee the 
quantity of excreted solute remains unehanged the urine is of low specific gravity. 
Diabetes insipidus, resulting from a pathologieallack of the anti-diuretie hormone, 
produces a typical water diuresis. Osmotic diuresis occurs when there is an 
unusually heavy load of osmotieally aetive solute to be exereted: water is retained 
within the tubules by the presence of this solute and the urine produeed must 
therefore always be hypertonie compared with a plasma ultra-filtrate. Diabetes 
mellitus provides a classical example of an osmotic diuresis. 

The polyuria of total renal failure is not easily explained: PLATT has suggested 
that beeause the nephrons are greatly reduced in number, the normal solute load 
in the functioning survivors produces an osmotic diuresis. However, it is eharac­
teristie of renal failure in the young that the urine produced even with a high 
blood urea is hyposthenurie, with a specific gravity of 1002-1006, weIl below 
that of a plasma ultrafiltrate, so that the osmotie process cannot be responsible. 
EARLEY ascribes this type of hyposthenuria in renal failure to a specific defeet 
of the tubules, comparable to the lesion of "salt-Iosing nephritis". 

From the diagnostic view point, polyuria due to chronic renal failure, or to 
diabetes mellitus is easily recognized from simple chemieal tests: other diseases 
which may be responsible are briefly listed below. 

1. Diabetes insipidus 

Deficieney in the produetion of the anti-diuretie hormone by the posterior 
lobe of the pituitary results in a failure of reabsorption of water by the loop of 
Henle and distal convoluted tubule. Very large volumes of urine of low specific 
gravity (1001-1005) are therefore secreted, and in order to maintain hydration 
large volumes of fluid must be drunk. Restriction of fluid intake makes little 
differenee to the volume of urine flow, and therefore results in their rapid loss 
of weight and collapse. 

This disorder may be "idiopathie", a form whieh is usually hereditary (see 
W ARKANY and MITCHELL, F ANCONI). Males are affected slightly more often than 
females, and the first manifestations are usually notieed in the seeond year of 
life, they are probably overlooked earlier. Provided hydration is adequate 
there is no serious interference wi* health (though a good deal of inconvenienee) 
and the disease is not ineompatible with long life. 

Diabetes insipidus mayaiso be aequired following direct interference with 
the pituitary or with the hypothalamus due to fracture of the base of the skulI, 
to tumours and xanthomatosis (Hand-SchuIler-Christian syndrome), to enceph­
alitis and syphilis. 

In infants thirst is the most noticeable symptom, though it is apt to be 
mistaken for hunger. If fluids are denied severe dehydration will result. During 
the following years the child can regulate his own fluid intake, and thirst is 
easily recognized. Frequeney and enuresis are other complaints and with the 
acquired diseases the onset of enuresis may be the first sign. Headache, irri­
tability, constipation and in infants high fever are common signs of dehydration. 
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The bladder be comes very large to accomodate the increased volume of urine, 
and the ureters may show a moderate dilatation, which is reversible if the polyuria 
is controlled (Fig. 139). The blood urea and electrolyte values are normal except 
in states of acute dehydration. If fluid is with held for 24 hours, the urine volume 
continues at a high level, and the specific gravity does not rise above 1005-1007. 
The child be comes acutely miserable with araging thirst, the body weight falls 

A B 
Fig. 139 A und B. Diabetes insipidus. Intravenous pyelograms in a girl aged 3 years. A During polyuria, showing 

marked hydroureter. B Under control by pituitrin injections, ureteric calibre much reduced 

rapidly, and there may be a rise in blood urea and chlorides. The administration 
of pitressin (0.5 B.P. units per sq. meter of body surface) will cause a fall in the 
urine output and a rise in its specific gravity up to normal levels. 

The failure to concentrate during dehydration and the rapid response to 
pitressin usually suffice for diagnosis, and the treatment consists in the therapeutic 
use of the hormone. Pitressin tannate in oil 0.2-1.0 ml per day by intramuscular 
injection is a suitable regime, or in some cases pitressin is adequately absorbed 
from a snuff (e.g. Disipidin) by the nasal mucosa. Control is less precise by the 
latter method, but in both cases the dosage must be worked out by cautious 
experiment. Overdose leads to vasopressor effects and abdominal pain. 

2. Diabetes insipidus renaHs 
During the past 10 years it has been recognized that some cases of diabetes 

insipidus do not respond to pitressin; they are believed to suffer from an ab-
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normality of the renal tubules, which are resistant to the effects of the hormone 
(KIRMAN et al., DANCIS et al.). 

In one of its forms the disease is hereditary, it affects only bOYE> but is 
transmitted by girls. Unless hydration is fully maintained, the condition is 
associated with severe mental deficiency. Signs of the disease appear during 
infancy, usually because of failure to gain, constipation, and episodes of de­
hydration with fever. Despite dehydration the urine is plentiful and of low 
specific gravity; the blood urea, sodium and chloride are raised. Good health 
may be maintained by the provision of large volumes of fluid. 

3. Primary polydypsia 
Some children suffering from psychological disturbances exhibit a primary 

polydypsia, and their urine volume and specific gravity is comparable with 
cases of diabetes insipidus. Restrietion of fluid will be met with vehement protests, 
but the urinary concentration will rise to normal levels. Moderate degrees of 
thirst may be the result of local disorders of the mouth, such as thrush. 

4. Hyperchloraemic renal acidosis 
a) Infantile form (Lightwood's syndrome) 

This is a temporary disorder of renal tubular function, resulting in the 
excretion of an alkaline urine, despite a metabolie acidosis. The onset of symptoms 
occurs most often between the age of 6 and 9 months: constipation, vomiting, 
anorexia, and failure to thrive are the common complaints. Thirst and polyuria 
are usually present, though not always commented upon by the parents. In some 
cases the infant is wasted, dehydrated and febrile. The urine is alkaline except 
in extreme dehydration and contains a slight excess of pus cells (5-10 per high 
power field): it is usually but not invariably sterile on culture. The plasma 
bicarbonate is less than 18 m Eq/litre despite the alkaline urine and the serum 
chloride is higher than 108 m Eqjlitre. The blood urea may be slightly raised 
(40-80 mg/lOO ml) but falls with rehydration. X-rays of the kidney show a 
stippled medullary calcification in only a few case, though nephrocalcinosis is 
a constant finding at post-mortem. Treatment with alkalising solutions restores 
good health, but needs to be continued for some months or even years: the 
prognosis is excellent provided the initial dehydration and acidosis are overcome. 
A modified Shohl's solution is suitable (sodium citrate 10 gm, citric acid 6 gm, 
water 100 ml), and initial doses should be of the order of 15 ml four times a day. 

b) Adult form (Albright's syndrome) 
The biochemical disturbance is very similar to the infantile form, but is not 

recoverable. It is probably a congenital disorder, and the symptoms first appear 
in later childhood or adolescence. Thirst and polyuria are prominent complaints, 
but it is often the passage of small stones and the discovery of extensive nephro­
calcinosis which leads to the biochemical investigation. The state of chronic 
acidosis produces bone changes, similar to those found in rickets or osteomalacia 
in adults, but these cases differ from the ordinary renal rickets of azotaemic renal 
failure in that the blood urea is not seriously raised, and there are no signs of 
secondary hyperparathyroidism (p.224). Control of the acidosis by alkalizing 
mixtures relieves the symptoms and together with Vitamin D leads to an im­
provement in the bone changes. The nephrocalcinosis remains unchanged except 
in so far as calcified particles enter the urinary tract and pass out in the form 
of calculi. 
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5. Lignac-Fanconi disease (De Toni's syndrome) 
This title may be conveniently used to describe a group of disorders in which 

cystine storage, glycosuria, amino-aciduria and Vitamin D resistant rickets are 
found: there are many variations or perhaps more than one disease (BICKEL et al. , 
McCuNE et al., LIGNAC, FANCONI). The disorder is congenital but its mechanism 
remains unexplained; there appears to be a renal tubular defect, but this would 
not account for the wide-spread deposition of cystine crystals throughout the body, 
and clearly some more generalized disorder of metabolism is present. Although 
cystine is one of the amino-acids lost in the urine, there appears to be no relation 
to the cystinuria which commonly results in stone formation (p. 165). Cystine 
storage may be found without the other features of the Fanconi syndrome, and 
may then have a better prognosis. 

In more acute forms, failure to thrive, thirst and polyuria, anorexia and 
constipation are noted from the age of six months onwards. More chronic cases 
present in childhood with dwarfism and bone changes which are radiologically 
indistinguishable from Vitamin D deficiency rickets. The ultimate prognosis is 
bad and many of the children die before reaching puberty. Examination shows 
an undersized, often wasted and dehydrated child; the urine is usually alkaline, 
and contains albumin, glucose and a wide range of amino-acids, including cystine. 
A mild degree of pyuria may be present without infection. Biochemical investi­
gation shows a metabolie acidosis, and in the early stages anormal blood urea 
and lowered phosphorus. Potassium deficiencies may occur, and in the terminal 
stages of the disease there is a retention of phosphate and urea. The presence 
of cystine storage may be recognized by the observation of cystine crystals in the 
cornea by slit lamp microscopy. Stone formation is unlikely to occur in the urinary 
tract, though microscopic cystine calculi have been found. 

Treatment consists in the correction of acidosis, provision of adequate po­
tassium and Vitamin D in large doses to heal the bone lesions. 

6. Idiopathic hypercalcaemia 
This recently recognized (LIGHTWOOD; F ANCONI et. al.) but not uncommon 

disorder of infants may come to the attention of the urologist because of a 
raised blood urea. It appears to exist in a mild and in a severe form: in the form­
er the infant presents with failure to thrive, thirst, constipation and hypotonia. 
Urine examination may show slight pyuria. The serum calcium is between 
12-14 mgmjl00 ml, and in some cases the blood urea may be up to 100 mgmj 
100 ml, often associated with hypertension. In the severe form there are mul­
tiple deformities, osteosclerosis, mental retardation, hypercholesterolaemia, with 
a characteristic facies (SCHLESINGER et al.). 

The mild form of the disease, which is recoverable, may perhaps represent a 
hypersensitivity to Vitamin D, though some authors dispute this theory. Treat­
ment consists in a low calcium diet, and the use of cortisone to reduce the blood 
calcium. 

V. Haematuria and nephritis 

1. General considerations 
In a work of this nature, it is scarcely necessary to emphasize the importance 

of haematuria as a symptom of surgical disease of the urinary tract and it is 
unlikely that the urologist will be content with anything short of a full investi­
gation. Nevertheless, because neoplasms are comparatively rare in childhood 
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and are easily diagnosed, while nephritis and unexplained haematuria are common, 
the observation of blood in the urine has a different significance in the young 
and in the old. It becomes clear that although a thorough investigation is required 
in all unexplained cases, the urological procedures need not be repeated in the 
child as they might be in the adult; the anxiety generated by numerous visits 
to hospital and continued observation of urine specimens is liable to disturb the 
child's emotional equilibrium without benefiting his physical condition. 

Faced with a case of supposed haematuria, it is first essential to confirm 
that the urinary discolouration is due to blood, and that the blood is mixed with 
the urine, not derived from some external source. The pigment of beetroot and 
certain synthetic dyes used in the manufacture of sweets may colour the urine 
red, but to the practised eye the tint is easily distinguishable from blood pigment 
and further investigation is unnecessary. Urates and porphyrins may render the 
urine brown, and are occasionally mistaken for blood pigments. Haemoglobinuria 
can only be distinguished from haematuria by microscopy, which must be under­
taken as a routine in suspected cases. 

External bleeding, which may lead to confusion, derives from the vagina or 
urethra. A meatal ulcer is a common sour ce of haemorrhage in infancy, and since 
the napkin is stained with blood, the symptom is often described as haematuria. 
Clinical examination will at once reveal the nature of the lesion. Urethral bleeding, 
sometimes with slight discharge of pus, is seen in boys from time to time. It may 
be due to the introduction of foreign bodies, but I have seen several for which 
no explanation could be given - all have ultimately recovered. Uterine haemor­
rhage in the intersex cases with occult vagina may present as urethral haemor­
rhage. 

2. Surgical causes 01 haematuria 
Almost all the renal diseases described in this volume are capable of producing 

haematuria, and no attempt will be made to set out all possible causes. 
The possibility of malignant disease is naturally uppermost in the urologist's 

mind and a high proportion of nephroblastomata (p. 180) present with haematuria 
as the first symptom; they are rapidly growing tumours, however, and are almost 
always large enough to be palpated; they are certainly large enough to produce 
an unmistakable pyelographic deformity. Vesical and prostatic neoplasms 
(p. 197) cause retention rather than haematuria, which comes only as a compli­
cation of infection. Calculi (p. 162) are a frequent cause of bleeding, which may 
precede any other symptom; in urinary infection of all types, haematuria is 
usually accompanied by frequency. Tuberculosis of the urinary tract (p. 156) is 
very rare, but must be borne in mind during investigation of these cases. Hydro­
nephrosis and hydro-ureter occasionally cause haematuria even when uncomplica­
ted. Renal vascular disorders are naturally associated with bleeding: venous 
thrombosis with haemorrhagic infarction (p. 230) is of importance to the surgeon 
because unilateral cases may be successfully treated by nephrectomy. Renal 
haemangiomata (p.187) are exceptionally rare and should not be diagnosed without 
definite pyelographic evidence. 

Trauma to the kidney, often the result of a blow in the loin, is an important 
cause of bleeding: so too are foreign bodies introduced into the bladder or reaching 
the ureters by perforating the duodenum. 

3. Haemorrhagic diseases 
Haematuria may occur as a manifestation of a bleeding tendency in any 

generalized disease which affects the blood vessels or the mechanism of coagulation. 
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In many of these it is relatively an unimportant symptom and other manifesta­
tions willleave little doubt as to the nature of the disorder. Thus in haemorrhagie 
disease of the new-born, and in the thromboeytopenia whieh aeeompanies 
septieaemia, bleeding may oecur from the urinary tract as from other mucous 
surfaees; microseopie haematuria is a regular feature of infantile seurvy and of 
bacterial endoearditis. At times, however, haematuria may be the presenting 
sign of such eonditions as haemophilia, leukaemia, aplastic anaemia or thrombo­
cytopenie purpura, and a haemotologieal investigation is therefore required in 
every case where no obvious 10eal cause is discernible. In the anaphylactoid 
purpuras, haematuria may aecompany or preeede the manifestations in skin, 
joints, or intestine, and the diagnosis of these conditions is essentially clinieal, 
laboratory tests being of little assistance. In all these generalized diseases, 
cystoscopy will show a bloody ureterie efflux on both sides, an observation whieh 
may help in excluding a loeal surgieal eause for bleeding. 

4. Nephritis 
Haematuria is a prominent symptom of aeute glomerulonephritis (ELLIS 

type I), it mayaIso oeeur in the ehronie phase partieularly if there is a eomplieating 
hypertension, but is rare in the nephrotie type (ELLIS type II). In aeute eases the 
bleeding may be brisk but the urine is a brownish red and it is unusual for elots 
to be found. Every specimen passed is evenly blood-stained for a few days and 
mieroseopic haematuria eontinues for days or weeks after the urine has cleared 
to naked eye examination. In the typieal ease, haematuria follows three weeks 
after an aeute upper respiratory infeetion, and is aeeompanied by peri-orbital 
oedema, albuminuria, oliguria, hypertension and a raised blood urea. Where all 
these signs are present little doubt need be feIt as to the diagnosis, but many 
milder examples are seen and in some the bleeding is the only unequivoeal sign. 
The great majority of a11 acute eases (about 85%) clear up altogether and have 
no further symptoms: a few suffer reeurrent acute episodes following sore throats, 
and some enter a chronie phase with persistent mieroseopie haematuria and 
albuminuria, later developing hypertension and renal failure. A few die during the 
aeute phase with hypertensive eneephalopathy, eardiae failure or uraemia. Many 
authors (e.g. FISHBERG) separate as a distinet clinieal entity "foeal nephritis", 
in whieh the haematuria is eo-ineident with the respiratory infeetion, is of short 
duration and never leads to chronic nephritic changes. The pathological evidence 
for such a disease has never been satisfactory and PAYNE and ILLINGWORTH, 
reviewing aseries of eases at Great Ormond Street, reached the conclusion 
that no difference in prognosis existed between eases in which haematuria 
eoineided with or followed the infection; furthermore that haematuria unaccompa­
nied by oedema or by nitrogen retention might sometimes be followed by the 
changes of chronic nephritis. 

The presence of granular casts in the urine supports the diagnosis of glomerulo­
nephritis. Albumin is usually excreted in greater quantities in nephritis than in 
surgical lesions, but here again there is no elear cut distinction. It will be seen 
therefore that the diagnosis of glomerulo-nephritis as a eause of haematuria is 
based upon a variety of observations, most of them elinical, and none pathogno­
monie: should gross haematuria persist, it will be wise to have an intravenous 
pyelogram to exclude a surgicallesion. 

5. Medicational haematuria 
Until the introduetion of sulphonamides excreted in soluble form, these drugs 

were a potent cause of haematuria during the treatment of any infection in 
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children: an overdose or a restricted fluid intake was frequently responsible. 
Haematuria was accompanied by oliguria and might precede anuria with acute 
tubular necrosis. Sulphonamide crystals and epithelial debris could be found in 
the urine. Many other drugs have produced toxic renal damage at times, with 
haematuria and oliguria. 

6. Unexplained haematuria 
However careful the investigations, in a considerable proportion of children 

with haematuria no firm diagnosis can be made. Where the bleeding has occurred 
on only one occasion, it causes little concern: often the label acute glomerulo­
nephritis is applied to the case, although this is probably unjustifiable unless 
microscopic haematuria persists for some days. 

In other children attacks of haematuria are persistent, but usually unaccom­
panied by any other symptom. In one group of these cases, the bleeding follows 
any violent exercise, and ceases immediately the child is put to bed. The blood 
is apparently derived from both kidneys in these cases, as has been observed on 
cystoscopy, but no local pyelographic lesions are detectable. This type of haema­
turia may persist for years, though the violence of the exercise required to 
produce it varies from time to time. Blood loss is not sufficient to render the 
child anaemic, and ultimately the symptom appears to cease spontaneously. 

In some children, bouts of haematuria seem to have an allergic basis; in one 
of my cases they were associated with asthma. Haematuria has occurred after 
serum injection, and as a response to various ingested substances (including 
beer I). Oxaluria may cause a little bleeding. 

The initial investigation of haematuria must be thorough and exhaustive; 
when doubt exists pyelograms may be repeated. Nevertheless, the prognosis of 
unexplained haematuria in children is good and more harm may be caused by 
repetition of diagnostic urological procedures than by loss of blood. Too often 
these children are referred from one hospital to another, and are subjected to 
the fuU routine at each. The parents anxiously inspect every specimen of urine 
and demand some active treatment. It need hardly be emphasized, however, that 
bleeding is almost always bilateral in these unexplained cases, and the observation 
of a unilateral bloody efflux on one or two occasions should not beguile the 
surgeon into the belief that a nephrectomy will cure the condition: unexplained 
haematuria from a solitary remaining kidney is even more productive of anxiety 
than haematuria from two kidneys. 

N. The male genital traet 

J. Congenital abnormalities of the penis 

The common anomalies of penile development are those in which the urethra 
is primarily at fault, e. g. hypospadias, ectopia vesicae, which have already 
been discussed. There are, however, a number of rare deformities of the penis 
which present during childhood. 

1. Micropenis 
A penis of normal size may be so completely concealed by the suprapubic fat 

during the first year of life, that the child's parents become seriously, though 
unnecessarily, perturbed about its size. A true congenital "micropenis" is an 
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uncommon finding but easily recognizable when the infant fat is lost (Fig. 140). 
It may occur without any other genital malformation and growth will then be 
observed at puberty, but a fuH size is never attained, and considerable difficulty 
may be encountered in coitus: I have observed the condition in three generations 
in one family, however, so that diminutive proportions do not constitute a com­
plete bar to procreation. The small penis with hypospadias is discussed on p. 105. 

The penis in hypogo­
nadism may fai] to grow 
at puberty, and therefore 
retain the childish pro­
portions: in these circum­
stances, however, growth 
may be stimulated by the 
administration of appro­
priate hormones (see 
p.289). 

2. Congenital absence 
of the penis 

The penis may be en­
tirely absent although the 
testicles are fully descen­
ded into a bifid scrotum: 
the urethra then opens 
in the perineum or the 
rectum. Cases have been 
reported by CAMPBELL, 
RUKSTINAT and RASTER­
LIK, BERARDINELLI, DRU­
RY and SHW ARZELL, and 
STOLL. A case of mine is 
illustrated in Fig. 141: in 

Fig. 140. Micropenis. The external genitalia of a boy aged 9 years : the 
penis is minute and the terminal urethra narrow. Both testicles were 

palpable and could be brought into the scrotum 

this, as in other examples, minute corpora cavernosa could be palpated beneath 
the flat strip of skin separating the two halves of the scrotum. This deformity 
was associated with severe urethral stenosis, and bilateral hydronephrosis. 

The methods of repair have been discussed by GILLIES. 

3. Diphallus 

Double penis is a rare condition, and frequently associated with other de­
formities. There may be a double bladder, each part drained through aseparate 
urethra and penis, as in the child reported by NESBIT and BROMME, or one penis 
may serve a urinary and the other a genital function. One penis may possess no 
urethra (DONALD) or there may be an associated hypospadias; COCHRANE and 
SAUNDERS report a case with imperforate anus. In DAVIS' case there were three 
or four structures which may have represented penises. An association with 
ectopia vesicae is often reported, but a distinction must be made between the 
true double penis, and the separated halves which are common in epispadias. In 
the case reported by KIRSCH the pubic bones were widely separated, but there 
was no ectopia vesicae; a urethra in each penis led into a loculated bladder. 

Treatment must depend upon the precise anatomy and no rules can be Iaid down. 
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Fig.141. Congenital absence of thc penis. Boyaged 9 months. Testicles 
normally descended into bifid scrotum. Urethral meatus in thc perineum. 

Severe lower urinary obstructioa 

Fig.142. Torsion 01 the penis. The genitalia of a boyaged 2 years. The 
penis exhibits a 90' twist 1,0 the left. the corpora cavernosa as weil as 
the urethra being involved . There is also a coronal hypospadias with slight 

chordee 

Double clitoris may 
also occur and, in a girl 
treated bythe author, was 
associated with intracta­
ble incontinence. 

4. Pre-penile scrotum 

In a case reported by 
CAMPBELL, the penis, con­
taining a normal urethra, 
hung from the perineum 
behind the scrotum: no 
other abnormality was 
present, and by splitting 
the scrotum it was possi­
ble to restore a semblance 
of normality. In the 
examples recorded by 
FRANCIS and by HUFFMAN 
there were other fatal 
deformities, the urinary 
tract being absent in one. 
In FORSHALL and RICK­

HAM'S case an extreme 
degree of chordee with 
hypospadias brought the 
penis down to the peri­
neum. 

5. Torsion of the penis 

In this deformity the 
penis a ppears to be rota ted 
upon its long axis through 
90-180°; the median 
raphe, urethra, and cor­
pora cavernosa all taking 
part in the spiral. The 
deformity is probably not 
so rare as the sparFlity of 
information in the litera­
ture would suggest, I have 
observed it on five occa­
sions (Fig. 142), but other 
severe malformations are 
likely to be present, and 
no satisfactory treatment 
has beendescribed. Simple 
torsion is not, however, a 

severe handicap, and does not preclude satisfactory sexual activity (SCHWART 
and F ARR). The temptation to operate should be resisted. 
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6. Webbing of the penis 
Although usually due to hypospadias or short urethra (p. 107) astate of 

chordee may be maintained by a web of skin fixing the penis down to the scrotum. 
The normal anatomy may be restored by a carefully planned plastic operation, 
though the local shortage of skin may be an embarrassment. 

7. Cysts of the penile raphe 
Partial canalization of the median raphe of the penis and scrotum may be 

seen, particularly in association with anal atresia. The simple formation of cysts 
in the preputial raphe of infants is recorded by ÜTTOW. 

11. Phimosis and paraphimosis 

1. The normal development 
The preputial sac, the cavity separating the prepuce from the glans, is formed 

during foetal life by the splitting of asolid lamella of cells. This process is not 
always complete at birth, and congenital preputial adhesions are therefore 
present. Furthermore the prepuce of the new born infant is normally elongated 
and redundant; its orifice appears narrow, and this together with the adhesions 
may prevent retraction. In the normal course of development the redundancy 
is taken up, the orifice widens and the adhesions resolve during the first six to 
nine months of life, and retraetion then beeomes possible. Gentle stretching and 
separation of the adhesions with a probe may hasten this development and 
reassure the parents of the normality of the genitalia, but spontaneous freeing 
of the prepuee will oeeur in the vast majority of ehildren. 

2. Phimosis 
Phimosis, stenosis of the preputial orifiee, may be eongenital or acquired. The 

congenital form is uneommon, and unless of extreme degree, is difficult to diagnose 
during the first months of life, when the prepuce is not normally retraetile. The 
acquired form when seen in ehildren usually results from the scarring following 
forcible stretching of the orifice, or from badly performed circumeision. Phimosis 
and, to a less extent, redundant prepuce may be responsible for the aceumulation 
of smegma within the preputial sae, and consequent attaeks of balano-posthitis. 
This form of inflammation, whieh eommenees within the preputial sac, must be 
distinguished from the effects of ammonia dermatitis, in whieh the external 
surface is primarily affeeted (see below). During the acute phase of balano­
posthitis retraction of the foreskin may be impossible because of oedema, later 
it is sometimes aceomplished without diffieulty so that separation of adhesions 
and regular eleansing is all that is required to prevent recurrence. If, however, a 
tight phimosis is present circumcision should be performed. 

Phimosis is on rare oecasions responsible for urinary obstruction; the urine 
enters and distends the preputial sae with eaeh act of micturition, only escaping 
in a slow dribble. The obstruetion may be rendered more acute by inflammatory 
ulceration of the prepuce, and a sealing off of the orifiee by scab formation: if 
in such eases the urine is infected, the infant may become seriously ill, and fatal 
results are on reeord (CAMPBELL) but circumcision is a sufficient cure for the 
majority. When ballooning of the prepuee occurs repeatedly over a long period, 
without aeute obstruction, preputial calculi may be formed. 

Handbuch der Urologie, Bd. xv 16 
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3. Paraphimosis 
When the phimotic prepuce is forcibly drawn back behind the corona, and 

allowed to remain in the retracted position, oedema fluid rapidly accumulates in 
the loose tissues, and replacement is thereby prevented (paraphimosis). The 
swelling in the retracted prepuce may reach enormous proportions, and inter­
ference with the circulation may ultimately lead to skin necrosis. However, in 
small boys reduction can usually be achieved by firm pressure : if necessary the 
oedema can be lessened by the applications of a swab soaked in cocaine 10% 
with adrenaline (1 in 1,000) or by the injection of hyalase, and if all other measures 
fail the constriction ring can be released by incision. Circumcision should be 
performed after the tissue reaction has settled down. 

4. Routine circumcision 
The advisability of routine circumcision in infancy is a subject which has been 

hotly disputed by the medical profession, and for many years past the weekly 
medical journals of all countries have regularly published articles and letters, 
many of them written under the influence of powerful emotion, demanding on 
the one hand a wholesale removal of every foreskin, or on the other, a complete 
abandonment of the ancient operation. The disadvantages of circumcision are 
seen chiefly in childhood, its advantages in adult life, and as a result paediatricians 
are for the most part inflexibly opposed to it, while venerologists are keen ad­
vocates. Religious beliefs and traditions have an important bearing on the sub­
ject, and parents are themselves apt to hold strong views: men who have suffered 
from recurrent preputial inflammation, often in hot and dusty climates, not 
infrequently demand that their children should be spared that handicap even when 
the infant's prepuce appears normal, while in Scandinavian countries where 
circumcision is seldom performed, they may be reluctant to accept the operation 
despite a clear indication. 

Routine eireumeision in infaney undoubtedly protects the ehild against the 
complieations of phimosis and balanitis, and protects the man against the con­
siderably more unpleasent consequences of the same disorders after sexual life 
has begun. It gives a substantial measure of protection against the development 
of carcinoma of the penis, and removes much of the discomfort from such lesser 
disorders as penile herpes, penile warts and balanitis xerotica obliterans. It is 
true that most of the disadvantages inherent in the possession of a foreskin are 
seen in those men who are either unable or unwilling to retraet it in order to 
maintain cleanliness, yet a few whose standard of hygiene is beyond criticism 
suffer from irritating recurrent attacks of preputial inflammation which ultimately 
result in scarring and phimosis. 

The dangers of infantile circumcision result chiefly from poor operative 
technique and from meatal ulceration. The operation is often regarded as so 
simple that it can safely be left to the least skilled member of the surgical team, 
who has received no adequate instruction in its performance, and who, now that 
circumcision is losing its popularity, gets very little practice. Operative technique 
is discussed in another volume in this series, but the chief hazards may be men­
tioned here. Haemostasis may be inadequate because of an unwillingness to 
reeognize the oecasional need for ligatures in infancy. Too much skin may be 
removed so that the penis is pulled back against the abdominal wall; too little 
skin may be taken away in the frenal area leaving an untidy redundancy. Too 
much mucosa may be left so that the suture line, instead of being held back behind 
the glans, can slip forward, and with contraetion will reconstitute a tight phimosis. 
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A deep suture may be placed in the frenal area which includes a portion of the 
urethral wall, and results in an obstinate fistula at the level of the coronal sulcus. 
These complications are commonly observed, and there are, of course, other 
rarer but more serious consequences of operative carelessness. 

Meatal ulcer is discussed in a subsequent section: it results from exposure of 
the glans to the action of ammonia derived from the decomposition of urine 
entrapped within the napkins. It is a cause of much misery to small boys, but 
can be avoided by proper care. 

In addition to the clinically apparent disadvantages of circumcision, it is 
sometimes claimed that the satisfaction derived from sexual intercourse is thereby 
diminished. No scientific observations upon this point have yet been published, 
but there does not appear to have been any serious falling off in the birth-rate of 
those races who always circumcise their infants. 

These then are the advantages and disadvantages of routine circumcision; 
there can be no doubt as to its value in cases of phimosis, but unfortunately it is 
hard to be sure, in the infant whose prepuce is not normally retractile, whether 
phimosis is present or not. If operation is postponed until the age of one year, it 
will be found to be necessary in very few children, but performed at that age it 
is considerably more trouble to those who require it. The conclusion drawn from 
the facts presented will doubtless vary according to the prejudices of the reader: 
my view is that in Northern Europe routine circumcision of all infants is not 
justified on clinical grounds, but that periodic medical inspection with a view to 
early recognition of phimosis is desirable. 

111. Skin lesions 
Very few children pass through the first two years of their life without ex­

hibiting, at some time, the signs of ammonia dermatitis or "napkin rash". The 
disorder usually appears after the first six months, and is apt to continue with 
remissions and relapses until urinary control is finally established. It is much 
more common in bottle fed than in breast fed babies, and its onset may be associated 
with the introduction of mixed feeding ; periodic exacerbations (ammoniacal 
storms, HAMILTON and MIDDLETON) are common and are frequently attributed 
to teething . 

The rash occurs on the prepuce, the scrotum, the inner aspects of the thighs, 
lower abdomen and buttocks, but spares the flexures. In its mildest degree, it is 
a bright red erythema; continuing, it causes the skin to be thickened and scaly, 
with the later appearance of vesicles. Secondary infection, usually seen in the 
older children with urinary incontinence, leads to the formation of many super­
ficial ulcers. The appearance and distribution of the rash are so characteristic 
that diagnosis seldom presents any difficulty, but several other rashes appear 
in the napkin area. The buttocks may be excoriated in infants with loose stools, 
producing a septic peri-anal rash which may accompany, but is distinct from, 
ammonia dermatitis. Thrush napkin rashes affect the buttocks and genitalia, 
and have been found in young infants in association with maternal vaginal 
moniliasis. Thrush is characterised by dull red areas, and vesicles producing 
small ulcers surrounded by white collars of sodden epithelium. Intertrigo may 
be seen in the flexures, and in rare cases the napkin area may be affected by 
seborrhoeic dermatitis, and congenital syphilitic rashes. 

The prepuce is often severely inflamed in cases of ammonia dermatitis, it 
is reddened, oedematous and elongated; in this state retraction is difficult and 
immediate circumcision is often advised by the unwary. Exposure of the glans 

16* 
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to the effects of ammonia, however, leads to a more serious lesion, meatal ulcer, 
and circumcision should be avoided in these circumstances,forproper management 
will soon reduce the inflammation. 

The role of ammonia in the production of the dermatitis was established by 
ZAHORSKY, by BRENNEMAN, and by COOKE. The last named showed that the 
ammonia was liberated from the urinary urea by bacterial action and identified 
a gram negative bacillus (B. ammoniagenes) commonly found in the infant's colon 
as the chief offender. There can be no doubt that the chemical action of the alkalis 
in the napkins can also lead to the breakdown of urea even where sterility is 
maintained. 

The ammoniacal napkin must be in contact with the skin for some hours to 
produce the dermatitis, but the process is greatly accelerated when water-proof 
rubber or plastic pants are also used. By contrast, in warm climates, where 
little is worn outside the napkin, dermatitis is unlikely to be severe. 

The eure of ammonia dermatitis is simple, but demands continuous care from 
the infant's mother. Napkins must be ehanged frequently and the child should 
not be left aIl night in the same sodden eovering. The use of rubber pants should 
be confined to important social occasions, and they should not, on any ac count, 
be worn at night. In severe cases the napkin should not be wrapped around the 
child at aIl during sleep, but spread out beneath him. The napkins must be 
carefully washed and rinsed free of alkaline soaps before being dried. A talcum 
powder containing 5 % of boric acid should be applied liberally to the genitalia, 
and to the interior of the napkin at each changing. These measures will relieve 
the vast majority of cases though if there is a superadded infection, the use of 
acriflavine (1 in 1000 aqueous solution) may be a valuable adjunct. During re cent 
years, however, there has been a tendency to seek other methods of treatment, 
because of the supposed danger of boric acid poisoning following the liberal use 
of that substance on the inflamed surface (GOLDBLOOM and GOLDBLOOM). 
FISHER et al., also JOHNSON et al., have demonstrated, however, that the fatal 
cases followed the use of pure boric acid in place of a talcum powder containing 
only 5 %, and that the usual powders are entirely harmless. Pure boric acid 
crystals have often been given to parents so that napkins can be soaked in a boric 
acid solution after washing : in view of the possible misuse of the crystals, this 
praetice is inadvisable, and the effieacy of the 5 % boric acid powder renders it 
unnecessary. 

Other methods of treatment have included the use of barrier cream (e.g. 
Drapolene) and the soaking of napkins in antiseptics (e.g. Roccal) in order to 
prevent the bacterial decomposition of urea. 

IV. Meatal u1cer and stenosis 

Meatal ulcer is a very common affliction of boys from the age of 8 or 10 months 
onwards, until they achieve normal urinary control: it is the result of ammonia 
"burning" of the epithelium of the glans, and is therefore usually found in 
association with ammonia dermatitis affecting the scrotum and thighs. Only 
circumcised children are commonly affected by meatal ulcer, since only in them 
is the glans continually exposed: on rare occasions, a, sm all raw ulcer is seen in an 
enuretic child with a long foreskin. The ulcer is a reddened area, 2-3 mm 
across, situated anywhere on the glans, but usually on the meatal margin: it 
is frequently covered by a grey, papery scab which also seals off the urinary 
meatus. The presence of the ulcer causes acute pain on micturition, and sometimes 
slight bleeding as the scab is torn away by the stream of urine; the pain or the 
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fear of pain may be sufficient to cause retention in some children, though usually 
the urine will be passed soon after they have fallen asleep. While active ulceration 
is present, the meatus will be narrowed by the inflammatory swelling of its lips; 
later on, if the condition has been persistent there may be cicatrical stenosis 
leaving a narrow circular meatus surrounded by radiating scars. Some urologists 
have claimed that congenital meatal stenosis predisposes to ulcer formation 
(CAMPBELL, FREUD) and that meatotomy is curative. This view is not in accord­
dance with my experience; simple measures are almost always sufficient to eure 
the ulcer, and meatotomy is scarcely ever required except in cases of very long 
standing (see also ABESHOUSE and BOGORAD). 

The therapeutic measures are essentially those already described for ammonia 
dermatitis; in addition, a little boric ointment should be applied to the glans when 
the napkins are changed, and if there is severe pain preventing micturition, it can 
be relieved by soaking in a warm bath. 

Congenital meatal stenosis, although not as common as the sequel to meatal 
ulceration, is an occasional cause of difficult micturition. The meatus instead 
of being a longitudinal slit is a circular "pin-hole". Treatment by dilatation is 
seldom adequate and a meatotomy should be performed. Meatal stenosis may 
complicate coronal hypospadias (p. 104). 

V. Genital tract infections 

1. Urethritis 
The term posterior urethritis is sometimes applied to changes in the mucosa 

of the prostatic urethra (roughened and reddened areas with "hillocks" and 
polyp formation), which are occasionally found in children with sterile urine 
suffering from enuresis, frequency or slight dysuria. The significance of these 
lesions is discussed in Section F; the present section is only concerned with 
urethritis associated with urethral discharge. 

Gonococcal urethritis in boys, though admittedly rarer than vulvo-vaginitis 
in girls, has been regarded by some writers (e.g. CAMPBELL) as relatively common 
disease, and BEILIN, writing from Chicago in 1931 reported that he had personally 
observed 91 cases of gonorrhoea in pre-pubertal boys. The infection is almost 
always acquired during a sexual encounter; sometimes a precocious boy will 
attempt intercourse with a girl his own age, while on other occasions the child 
may be "seduced" by an infected nursemaid in whose care he has been placed. 
At boarding schools for older children, epidemics of gonorrhoea are usually the 
result of homosexual practices,and are associated with proctitis as weIl as urethritis 
(WESTPHAL). The disease follows its usual course and, though complications are 
said to be uncommon, a gonococcal prostatic abscess has been recorded in a 
boy aged four years (Fox). With the declining incidence of gonorrhoea in general, 
urethritis due to this cause in boys has become very rare. Treatment should 
follow the customary lines. 

Urethritis, together with inflammation of other mucous surfaces occurs in 
the STEVENS-JOHNSON syndrome: an acute febrile illness accompanied by severe 
erythema multiforme. It is self-limiting. Very rarely, urethritis complicates 
measles. 

Abacterial urethritis is one of the manifestations of Reiter's syndrome, in 
which conjunctivitis and arthritis also occur. The syndrome is common in adults, 
but has only been reported on rare occasions in childhood: it may follow dysenterie 
infection with Shiga or Flexner organisms, or a venereal infection causing 
abacterial urethritis. The former is the common cause in childhood, though there 
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may be a few signs of dysentery other than a raised titre of the eorresponding 
antibodies (OORNER). The urethritis may cause only a slight discharge, but 
frequency and pyuria are common. The disease is fully described by HARKNESS; 
treatment with antibiotics is usually effective, though the arthritis may be per­
sistent, and at times disabling. The use of cortisone in the treatment of joint 
lesions is discussed by HENcKEL. 

Urethritis of a mild degree may follow the introduction of foreign bodies into 
the urethra during masturbation. In one of my cases the diagnosis was, at first, 
suspected as a result of the urethroscopic finding of a traumatized area on the 
floor of the urethral bulb. At other times, the foreign body is found in the bladder. 
An indwelling eatheter is another possible eause of urethritis with resulting 
urethral stricture. 

Sulphonamides, partieularly sulphamerazine, occasionally irritate the urethral 
mucosa (HARKNESS) and have even been responsible for strieturing in a ease 
observed by the author: sulphonamide obstruetion to the urinary passages is 
partly the result of inflammation of the mueosa. 

Urethritis and inflammation of the glans may be due to diphtheria, whieh has 
been reported on several occasions after ritual circumcision (BOROVSKY). A 
eharaeteristie diphtheritie membrane is found, and the organisms are easily 
reeovered from the lesion. Treatment with antiserum is effective. 

Acquired genital syphilis is reported from time time in young boys (e.g. 
McKAY) and is responsible for typical ehancre formation. 

2. Prostatitis and prostatic abscess 
The symptoms of acute non-suppurative prostatitis: frequency, dysuria, 

perineal pain, terminal haematuria and pyrexia are similar to those of cystitis, 
and estimates of the incidenee of true prostatitis in boys vary greatly. The present 
"''Titer has observed the condition, but believes it to be a rare phenomenon before 
puberty, while on the other hand CAMPBELL regards it as relatively common. 
There is a similar divergence of opinion in regard to chronic prostatitis with 
eongestive inflammation but little evidence of bacterial invasion: OAMPBELL 
believes this to be a common result of habitual exeessive masturbation, and a 
cause of sclerosis of the bladder neck whieh will produee urinary obstruction in 
adult life. 

By eontrast prostatic abscess is a disorder in whieh there can be little doubt 
as to thc diagnosis, and all observers agree that it is rare, but can oeeur at a very 
earlyagc. Gonorrhoea has been responsible for some cases (Fox) but in an infant 
of 1 month old, treated at the Hospital for Siek Ohildren, there was a large 
staphyloeoecal abscess eausing retention of urine, eonstipation, and bilateral 
epididymitis. The infection in this ease was believed to have originated in umbilieal 
sepsis, and to have been blood-borne. In another infant, however, there was a 
largeinfectedhaematoma, immediately lateral to, and behind the prostate gland, 
also causing acute retention of urine, and it is suggested that descending arteritis 
in the umbilical artery could be responsible for this extravasation of blood in the 
perivesical space. Both cases recovered with perineal drainage and chemotherapy. 

3. Epididymitis 
Acute epididymo-orehitis may eomplieate inflammatory disease of the lower 

urinary traet, particularly infeetions following surgieal operation for urethral 
obstruetions. In the pre-sulphonamide era it was also oceasionally seen after 
simple urethral instrumentation. 
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Non-specific epididymitis may occur in older children in the absence of 
urinary infection, and though it is much 1ess common than in adu1ts, QVIST reported 
12 cases between the ages of 3 months and 12 years which were all confirmed by 
exploration. So-called metastatic epididymitis, complicating distant infections 
has been recorded in neonates by GARROW and WERNE, and by LOMBARD. In one 
of my cases, acute epididymitis was the presenting symptom in a boy aged 
2 years with an ectopic ureter which joined the vas deferens before entering the 
posterior urethra. 

In the acute forms, and especially in inguinal testicles, epididymo-orchitis 
may be impossible to distinguish from torsion of the testis, though an accompany­
ing urinary infection may lead to the correct diagnosis. In doubtful cases, ex­
ploration is fully justified, since no chance of correcting a torsion should be lost. 
In less acute disorders, the swelling of the epididymis is palpable behind anormal 
testis, and the clinical diagnosis presents no difficulty. Treatment consists in the 
administration of appropriate antibiotics, and if necessary drainage of an abscess 
cavity: epididymectomy should not be required now that powerful antibacterial 
agents are available. 

Tuberculous epididymitis is discussed on p. 161. 

4. Orchitis 

Simple inflammatory lesions of the testis are very unusual: mumps orchitis is 
chiefly a dis order of adolescents and young adults, and seldom affects children. 
CONNOLLY, however, has recorded two cases in infancy where the diagnosis was 
made on serological grounds, though a known mumps contact was found in only 
one. Rarely the epididymis and cord are also involved during mumps orchitis. 
Subsequcnt testicular atrophy is likely, but not inevitable: local treatment is 
not commonly required, though oestrogens or if necessary incision of the tunica 
albuginea will relieve severe pain, and possibly preserve the spermatic tubules. 

Orchitis as a complication of chicken-pox is described by ORMISTON. 
Congenital syphilis is a rare cause of orchitis, and an exceptionally rare cause 

of symptoms (NABARRO). MENNINGER reported 12 post-mortem cases, in which 
bilateral testicular atrophy was found. Hydrocele has been attributed to syphilitic 
orchitis in some instances, but gumma formation is extremely uncommon. 

VI. Urethral injuries, stricture and fistula 

Injuries to the urethra and penis, although not uncommon in children, differ 
very little from those seen in adults, and for a fun discussion the reader is referred 
to volume VII of this series. 

1. Anterior urethral injuries 
Injury of the penile urethra may be seen as a result of compression by rings 

or ligatures tied around the penis, often placed there during naive attempts to 
cure enuresis. In severe cases there may be gangrene of the entire distal penis, 
but more often the ligature can be released in time, leaving only some necrosis of 
the tissues beneath it. This necrosis can lead to the development of an obstinate 
stricture and to a fistula. 

Rupture of the bulb of the urethra is most often due to falls astride sharp 
objects: the child is brought in with a perineal haematoma and some dysuria 
or retention. If a catheter can be passed, the rupture is incomplete and surgical 
repair is not required though, save in the most minor cases, a suprapubic diversion 
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of urine during the period of healing is desirable. If the catheter is held up at the 
point of rupture, the severed ends should be exposed and sutured together. In 
cases when there is any tension on the suture line, it is wiser only to reconstitute 
the dorsal wall of the urethra, and allow the healing process to complete the 
channel. 

2. Posterior urethral injuries 
Rupture of the membranous urethra is seen in association with fractures of 

the pelvis : where there is a complete solution of continuity the apex of the prostate 
will be displaced upwards and usually forwards by the development of the 
haematoma, so that the severed ends become widely separated. Early operation 
is imperative, and in children it is often possible to visualize the site of the rupture 
through a retropubic approach; the proximal urethra may then be sutured down 
to the region of the perineal membrane, and healing allowed to take placeoveran 
indwelling catheter. Should direct exposure prove impossible asound must first 
be manipulated across the gap, a process which is facilitated by passing an in­
strument down from the open bladder to meet another passed up through the 
urethra. Approximation of the severed ends may then be achieved by drawing 
a Foley catheter through the gap, inflating the balloon in the bladder, and 
applying light traction e/2lb) so that the prostate is held down in the pelvis. In 
young children the catheter should always be brought out through a perineal 
urethrostomy, so that the traction is applied in a straight line, and damage to the 
urethra at the peno-scrotal angle, where stricturing is likely to occur, is thus 
avoided. 

3. Urethral stricture 
Inadequate treatment of both forms of rupture is likely to be followed by the 

development of a urethral stricture, and trauma is in fact the most common 
cause of acquired stricture in childhood. Intermittent dilatation is not a suitable 
method of treatment in boys since the pain and the apprehension which precedes 
it often cause a serious emotional disturbance; every effort should therefore be 
made to produce a permanent cure by operative means. In the penile urethra 
the operation described by JOHANSON is the most suitable. The strictured part 
of the urethra is first laid open on to the surface and stitched to the skin, forming 
an artificial hypospadias. Mter the scar has become supple the urethra is re­
constituted by the method described by DENIS BROWNE for congenital hypo­
spadias, the strictured area being widened or replaced by the inclusion of the 
adjacent skin. 

Some strictures of the bulb of the urethra may be repaired by a similar 
operation, though it will be necessary to turn flaps of perineal skin up to the 
urethra, as the latter cannot be brought to the surface. Short segment strictures 
may often be satisfactorily excised and sutured according to the method described 
by MARION. 

Strictures of the membranous urethra (Fig. 143) are much more difficult to 
treat, because of the wide separation of the ends, and because the injury and 
subsequent fibrosis have often destroyed the external sphincter causing urinary 
incontinence. Nevertheless, if an adequate channel can be restored continence 
will ultimately be recovered. The strictured region is a good deal more accessible 
in the child thanin the adult, and may be exposed simultaneouslyfrom theperineum, 
and from the retropubic space. The scar tissue should be excised and the severed 
ends of the urethra approximated by direct suture: with proper mobilization it 
will be found that this suture line often lies comfortably below the perineal 
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membrane. The pull-through method of approximation described by BADENOCH 

may also be employed. 

Instrumental trauma is another cause of urethral stricture in children as in 
adults, and the avoidance of this complication is the best evidence of urological 
skill. It need scarcely be stated here that catheters and bougies should be passed 
with the utmost gentleness, and that no attempt should be made to introduce 
a larger instrument than can be comfortably accommodated. The greatest 
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Fig. 143. Traumatic stricture of the membranous urethra. Micturating cystogram in a boy aged 9 years. The 
posterior urethra is dilated, elongated and tortuous, having been pulled up from the si te of the rupture. 
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temptation to transgress the latter rule occurs during cystoscopy, but it should 
always be remembered that a perineal urethrostomy will permit a much less 
traumatic approach. Neither gum elastic nor red rubber indwelling urethral 
catheters should be employed; a soft latex rubber Foley catheter is best adapted 
for continuous drainage, but even this should be avoided if it is too tight in the 
urethra, and instead a supra-pubic cystostomy should be made. Urethritis 
complicating the use of an indwelling catheter is particularly destructive, and 
in one case referred to the author the urethral lumen was completely obliterated 
from the fossa navicularis to the bulb. The commonest site for stricture due to 
instrumentation, apart from the external meatus, is the region of the peno­
scrotal angle; in these cases treatment by intermittent dilatation may be given 
a short trial, but if there is no improvement within the first six months, operative 
repair by the J OHANSON method should be undertaken. 

Stricture due to infective urethritis is now alm ost unknown in children, but 
other acquired causes, such as the inflammatory reaction complicating sulphon­
amide obstruction may be seen from time to time. 
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4. Urethral fistula 
External urethral fistulae are most often a result of unsatisfactory repair of 

hypospadias, but may be traumatic in origin. A common type is the fistula at 
the level of the coronal sulcus (Fig. 144) resulting from a stitch, carelessly placed 

Fig.144. Urethral fistula : the penis of a a~ed boy 2'/, years showing a urethral fistula at the level of the 
coronal sulcus. Necrosis of the urethral wall had resulted from a deeply placed suhue during circumcision 

during circumcision, which includes the urethral wall and causes necrosis. All 
such fistulae should be carefully repaired after a full mobilization of the surround­
ing skin, and a diversion of urine by cystostomy or perineal urethrostomy is 
essential. 

Congenital urethral fistulae are discussed on p. 108. 

VII. Priapism 

Spontaneous penile erections occur normallyeveninyounginfants, unassociated 
with masturbation, but perhaps stimulated by the mother's handling of the 
genitalia while bathing or changing napkins. Such erections are transitory, and 
relatively frequent. 

True priapism, however, is very seldom observed in childhood. It may be 
associated with blood disorders, leukaemia (MACCIOTTA) or sickle-cell anaemia, 
and may indeed be the first evidence of disease. COWIE has recorded the case 
of a boy of 9 years in whom priapism resulted from the extension of a sarcoma of 
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the prostate. Injury and haematoma of the perineum can produce a lasting 
priapism, as in the boy described by FRASER, in whom the use of anticoagulants 
lead to a satisfactory relief. For a full discussion of causes and treatment the 
reader is referred to vol. XI. 

VIII. Undescended testicles 

1. Embryology 
Embryologically the testis is formed on the dorsal wall of the coelom, from 

the genital ridge. which extends from the level of the diaphragm down to the 
sacral segments; in the course of early development the foetus elongates rapidly, 
while the testis by shrinkage at its cranial extremity, be comes a compact body 
lying a little above the inguinal region. It remains in this position until the 7th 
month of foetal life, after which descent into the scrotum occurs rapidly. The 
testis is preceded by a pouch of peritoneum, the processus vaginalis, which for 
a time remains in continuity with the general peritoneal cavity: after full des cent 
the lumen of the processus is obliterated, and the tunica vaginalis, surrounding 
the testis is thus isolated. The mechanism of descent is still not clearly under­
stood, though it seems likely to be connected in some way with the gubernaculum, 
a broad strand of condensed mesenchyme which first appears at 25 mm; it is 
attached above to the W olffian duct near its junction with the gonad, and splays 
out below to reach the surface at the groin, scrotum and thigh. The gubernaculum 
grows rapidly until the 7th month and after that its rapid shrinkage is associated 
with the descent of the testis. It has often been pointed out that since it is only 
attached to the skin, its shortening can scarcely draw the testicle out of the ab­
domen, yet in shrinking it may create a passage down which the testicle may be 
pushed by abdominal pressure. The "milking" action of cremaster activity is 
also said to playapart. Endocrine secretions have clearly some influence over 
the process of descent, though the manner in which they act is obscure. The 
embryological findings are discussed by WELLS and by WYNDHAM. 

2. Incidence 
Descent is not always complete at birth. SCORER, examining 1,700 full term 

infants, found undescended testicles in 4 % : in the majority of these full des cent 
occurred within the first three months of post-natal life, leaving only 0.7% 
undescended at the end of the first year. The frequency with which spontaneous 
descent occurs after this age is hotly disputed: most surgeons with a long ex­
perience of the condition (e.g. BEVAN, CAMPBELL, GROSS) believe that such descent 
is rare, while other observers (e.g. SMITH) regard it as usual. The latter view 
ignores the distinction between the retracted and the true undescended testicle, 
and it is clear that the more careful the examiner, the less often will he observe 
late descent. 

Estimates of the incidence of the disorder in children and adults vary con­
siderably, and many of them are based on inadequate data. The retractile 
testicle is a frequent source of confusion, and unless therefore a careful and 
repeated examination of each child is undertaken the incidence of undescended 
organs will certainly be overestimated. Post-mortem statistics in children also 
overestimate the incidence of the anomaly in the general population since it is 
a common concomitant of other congenital abnormalities which may be re­
sponsible for death during the pre-pubertal period. Clinical data in adults usually 
relate to the examination of Army recruits, and will incline to underestimate since 
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certain groups who are frequently affected by the disorder, such as the mental 
defectives, are apt to be excluded from the cxamination. CAMPBELL reports that 
undescended testicles were found in 292 instances in a post-mortem series of 
10,712 boys (1 in 36), and in 107 cases in 22,606 adult males (1 :211). SOUTHAM 
and COOPER, reviewing various previous estimates reached the conclusion that 
1 in 200 adults was approximately the incidence, but most recent authors in 
America appear to rcgard 1 in 500 as a more likely figure. 

3. Surgical anatomy 
The best description of the anatomy of the undescended testicle is that given 

by BROWNE, and the following remarks are based upon his work. He points out 
that the testicle is a mobile organ, and that its position must be described in terms 
of its possible range of movement. 

The normal testicle in the child may be confined to the scrotum, but most 
have a range of movement which extends from the bottom of the scrotal sac up 
to the fascial pouch which lies lateral to the external inguinal ring, deep to 
Scarpa's fascia and superficial to the externaioblique aponeurosis. The testicle 
is drawn up from the scrotum under the influence of cremaster contractions, and 
slips into the superficial inguinal pouch because this is the line of least resistance 
when onee the pubis is crossed. The normal testicle does not retract into the 
inguinal canal: it remains palpable only when placed on the superficial SUrface 
of the externaioblique, while a testicle within the canal is scarcely ever palpable, 
and is abnormal in position. It should be noted that some American surgeons (e.g. 
GROSS and J EWETT) do not accept this latter statement: they believe that the 
normal retractile testicle enters the inguinal canal where it still remains palpable, 
although lying deep to the tense anterior wall. My own experience leads me to 
support BROWNE'S view; wherever a testicle, palpable lateral to the external ring, 
has been explored it has been found to lie superficial to the extern al oblique. 

The mobile normal testicle which ranges from the deep scrotum to the super­
ficial inguinal pouch, BROWNE designates the "low retractile" type. Active 
retraction occurs readily when attempts are made to palpate the organ, often 
leading the inexperienced to suppose that descent has not occurred. The con­
dition is usually, though not invariably, bilateral and in fat boys, in whom the 
scrotum remains smalI, and the retracted testicles are buried beneath a deep 
layer of adipose tissue, is often mistaken for bilateral abdominal cryptorchidism. 
Active retraction ceases to occur at or soon after puberty, and the scrotum 
enlarges at the same time: these phenomena undoubtedly account for the great 
majority of instances of so-called spontaneous late descent of the testicles. The 
pubertal change can also be brought about by the administration of gonado­
tropic hormones, though it should be clear that if a proper examination is made, 
and the true state of affairs discovered, no treatment is required. 

BROWNE also describes as a variant of the normal the "high retractile" 
testicle, which has a range of movement extending from the superficial inguinal 
pouch to the upper part of the scrotum, but which cannot be coaxed to the bottom 
of the scrotal sac. He believes that all these testicles achieve the full scrotal 
position after puberty (or after gonadotropins) and that he has never seen this 
range of movement in an adult. Some doubt may be feIt with regard to this 
latter observation, however, and this group constitutes the most difficult problem 
in diagnosis : as will be seen later, the author believes that treatment is necessary 
for some of these cases in which spontaneous des cent cannot always be relied 
upon. 
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The true undescended testicles may be classified according to the lowest point 
of their range. The" emergent" testicle lies within the inguinal canal or emerges 
for a short distance from the external ring: its mobility is essentially dependent 
upon the presence of a hernial sac within which it moves. The sac may be narrow 
at its upper end so that the intestines cannot enter it, though often a little 
omentum is able to come down. Where the neck of the sac is wider and there is 
an evident clinical hernia, the fundus of the sac may become enlarged and extend 
below the testicle. The range of movement of this type of testicle will increase at 
puberty, but full spontaneous descent will not occur. 

The "middle inguinal" testicle can enter the canal from above, but cannot 
leave it below; it is not palpable, though a hernial sac may emerge from the 
external inguinal ring and produce a palpable swelling. On rare occasions the 
external ring is found to be very small or absent, so that there is a simple me­
chanical bar to progress, but more often no evident cause for the failure can be 
demonstrated. The "entrant inguinal" is placed even higher, and is hardly 
distinguishable from the "abdominal" in which the testicle does not engage in 
the inguinal canal at all. Some of the abdominal testicles are found in pseudo­
hermaphrodites and lie on a broad ligament adjacent to the uterus and Fallopian 
tubes: others have a short pedicle from the lateral pelvic wall, and others again 
lie entirely retroperitoneally, but they are seldom found more than a short 
distance above the internal inguinal ring. A hernial sac may or may not be present 
in association with an abdominal testis, the gubernaculum is poody formed or 
absent. 

In very rare cases the testicle may be high up on the posterior abdominal wall; 
WHITEHORN found it occupying the renal fossa in a case with congenital absence 
of the kidney; KAYS and COLEMAN found one high and one low testicle in a case 
of polyorchism. 

The "inguinal ectopic" testis is one which lies in the superficial inguinal 
pouch, but which cannot be made to enter the scrotum. The limitation of its 
range is partly due to the closure of the normal channel of descent, and partly 
to the length of the spermatic cord. In the typical case there is no complete 
hernial sac, though there may be a short processus at the upper end of the inguinal 
canal, and the testicle cannot be pushed back into the canal. It remains easily 
palpable on the superficial aspect of the externaioblique and usually produces 
a visible swelling there. The upper pole of the testis and epididymis (with appendix 
testis) is placed laterally. Gubernacular tissue is often found connecting the 
testicle to the scrotum, and the failure of descent cannot be attributed to the 
lack of this structure. The onset of puberty will not lead to any change in the 
position of the inguinal ectopic testicle. A variant of this type is the "emergent 
inguinal ectopic" in which a hernial sac is present and permits reduction into 
the canal. Rarer forms of testicular ectopia, in which a greater displacement has 
occurred, are discussed in a later section. 

All forms may be unilateral or bilateral: GROSS and JEWETT recording a 
total of 1,222 cases note that right unilateral undescended testicles constituted 
44 %, left unilateral 30 %, and bilateral 26 % . 

The undescended or ectopic testis differs from the normal, not only in its 
position, but also in its relation to the Wolffian duct derivatives. Gross ab­
normalities of the epididymis are often seen in the abdominal and emergent 
types, this organ being long and drawn out, and having only a tenuous connection 
with the testis itself. When there is a complete failure of union between the 
testis and epididymis, the latter is drawn down further towards the scrotum than 
the former, and at times a vas deferens will be found extending to the bottom 
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A 

B 

Fig. 145 A and B. Histology of the uudescended testicle. Sec ti on from A the normal testis, B the undescended 
testis. both at the same magnifioation ( x 300), from a boy aged 7 years. The undescended organ shows smaller 

tubules with lit.tJe differentiation of spermatogonia 

of the scrotum where it exhibits a swelling representing the epididymis, but the 
testis is completely absent. The undescended testicle is alm ost always smaller 
than its fellow, though it may be necessary to have them both exposed at operation 
to appreciate this fact. 
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Fig. 146 A and B. Histology of the undescended testicle. A from a boy aged 11 years (x 125), B from an adult 
(x 125), showing sclerosis of the tubuJes 

4. Histology 
Until recent years it was believed that the undescended testis did not differ 

microscopically from the normal until puberty, but it is now clear that the diver­
gen ce begins not later than the sixth year of life (Fig. 145). The normal spermatic 
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tubules at this stage are slowly increasing their diameter, and becoming more 
tortuous; the cells lining them are developing more than one layer, and spermato­
gonia are beginning to appear. Studies by SNIFFEN, by ROBINSON and ENGLE, 
and subsequently by many other observers demonstrate that the undescended 
testicle, whatever its type or level, lags behind the normal in these developments. 
The lag becomes much more marked at puberty; interstitial cells appear and some 
of the tubules exhibit a trend towards normal differentiation, but others remain 
immature (even when the fourth decade is reached), and contain no germ cells 
or Sertoli cells. After some years all thc tubules become sclerotic and shrunken 
(Fig. 146), but the interstitial cells remain numerous and prominent. Although, 
at times, the interstitial ceHs appear hyperplastic in the undescended testis, in 
most cases their prominence is due rather to the shrinkage of the tubular elements. 

5. Function 

The endocrine function of the undescended testis is essentially normal, and 
bilateral cryptorchids are not eunuchoid unless some other abnormality is present. 
This observation accords weIl with the continued development of the interstitial 
cells. Tubular function, however, is very seldom adequate for the production 
of spermatozoa, and although there may be rare exceptions to the rule (see REA) 
bilateral cryptorehids are infertile. It appears weIl established that the failure 
of spermatogenesis is to some extent correlated with the higher temperature to 
which the undescended testis is exposed, the normal scrotum with its variable 
length being a mechanism for keeping the testis at a temperature of a degree 
or two below that of the abdominal tissues. A testis which is artificially retained 
in the inguinal region, as for instance when it has become adherent to the scar 
following repair of inguinal hernia in infancy, will undergo the same changes as 
the naturally undescended organ. On the other hand, a structural inferiority 
may perhaps be an inherent characteristic of the undescended testicle, and be 
responsible for the failure of its migration (SOHVAL). 

6. Cause 

It has been indicated at the beginning of this section that the normal mechanism 
of descent is still not understood, and tbe causes of failure are not better known. 
Although FRAZER believed that adefeet of the gubernaculum could be demonstra­
ted in most cases, subsequent observers have not confirmed tbis view. 

At operation, several mechanical factors may make it difficult to seeure an 
adequatc length of spermatic cord; the hernial sac is one such factor, and a tight 
medial pillar to the internal inguinal ring another, yet from the embryologie al 
point of view neither abnormality can be regarded as a sufficient cause: a patent 
processus has been present in all testicles at one stage. 

Endocrine failure is often held responsible for the condition, and this hypo­
thesis has given a scientific background to the treatment by hormones. Unde­
scended testicles may certainly be found in association with definite endocrine 
disorders, yet in the majority the child is otherwise normal and the testicular dis­
order unilateral. Moreover, since the normal testicle is descended before or very 
shortly after birth, the endocrine failure must be foetal in origin, and the precocious 
inducement of pubertal changes by hormones cannot be regarded as comparable. 

Except therefore in the cases of gross departure from the normal anatomy or 
physiology, the cause of undescent remains unexplained. 
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7. Complications 

An inguinal hernia is much the most common concomitant of the undescended 
testicle. A complete funicular sac is found in 30 to 40%, but in many of these 
the neck is too narrow to allow the bowel to enter, and a hernia large enough to 
cause symptoms occurs only in a few cases. Incarceration and strangulation may 
complicate the picture, however, and demand urgent treatment. 

Torsion is much more liable to occur in the undescended than in the normal 
testicle, and the periodic attacks of inguinal pain, of which some of the boys 
complain, are sometimes perhaps transient episodes of torsion. Torsion may 
also occur in the intra-abdominal testicle (KELLY and UHRICH). 

The increased liabiIity to malignancy is a topic which has received considerable 
attention in the literature : it has been stated that the undescended testicle is 
between 20 and 50 times more liable to the development of tumour than the 
normally placed organ. Evidence of this increased risk has been presented by 
GORDON TAYLOR and TILL, and by many other authors. ROBINSON and ENGLE 
are so convinced of the danger that they believe that all testicles which cannot 
be satisfactorily brought down to the scrotum at the age of six or seven years 
should be excised. On the other hand, malignant disease has been recorded several 
times (e.g. CHAUVIN, THOMAS) in testicles which have been successfully operated 
upon, and the suggestion has been made that the risk of malignancy is related 
to the inherent structure of the testicle, not simply to its position, which may 
indeed be a reflection of its structural inferiority. However, many surgeons (e.g. 
GROSS and JEWETT, CAMPBELL, H. E., CARROLL) consider that there are many 
statistical fallacies in the conclusions regarding the liability to malignancy, that 
the risk has been overestimated and that testicles which cannot be brought down 
may safely be left within the abdomen where their endocrine function may 
continue. 

8. Clinical picture 
Most undescended testicles cause no symptoms at all during childhood, and 

are discovered only on routine examination. A few boys complain of local pain, 
but often it is a generalized abdominal pain of intestinalorigin which leads to 
the observation of the testicular condition. A hernia may cause discomfort, and 
on a few occasions will produce the acute symptoms associated with incarceration 
or strangulation. 

The association of undescended testicles with endocrine disorders is well 
known, but its frequency is exaggerated; all too often the fat but weIl grown boy 
of 11 or 12 years is sent to hospital as a case of "Fröhlich's Syndrome" and is 
believed to have cryptorchidism, yet on examination he is found to have retractile 
testicles, and simple obesity. Puberty in these boys is often late, but with it the 
testicles cease to be actively retractile, the seroturn enlarges and often some of 
the adiposity is lost. 

True hypogonadism may be seen when the testicles are hypoplastic as weIl 
as undescended, but it is comparatively rare. Male intersex cases and true 
hermaphrodites have testicles which are frequently misplaced, and any child 
in whom a unilateral or bilateral undescended testicle is found in association with 
hypospadias should be subjected to the careful investigations suggested on p. 287. 
Undescended testicles may accompany other severe deformities of the urogenital 
system, and are to be expected in cases of agenesis of the abdominal muscles. A 
familial incidence of unilateral undescended testicle is occasionally reported 
(WILES). 

Handbuch der Urologie, Bd. XV 17 
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The clinical findings in the various forms of undescended testic1es have been 
described under the heading of surgical anatomy. The importance of a careful 
examination can scarcely be overemphasized however; the child must be relaxed 
and at ease, the consulting room and the surgeon's hands must be warm. The 
examination should first be made with the child lying down, and the testic1e 
should be coaxed downwards from the groin with the flat of the left hand, to be 
received between the fingers and thumb of the right. Subsequent examination 
in the erect position may help in the observation of accompanying hernia. If 
operation is advised a second careful review should be made when the child enters 
hospital, for it will occasionally be found on re-examination that a testicle, whose 
mobility was thought at first to be Iimited, can now be coaxed down to the 
scrotum, or that one which was completely impalpable has appeared at the 
external ring. 

9. Management 
There is as yet no unanimity among the medical profession concerning the 

management of undescended testicle, and much of the literature on the subject 
is confused by obvious inaccuracy of diagnosis, and by a regrettable lack of 
information regarding the late results of treatment. 

The objects of treatment may be summarized as folIows: 
a) The presence of a testicle in the groin, and its absence from the scrotum are 

causes of slight physical and considerable psychological discomfort to the adult 
male, and for these reasons alone the correction of the misplacement is desirable. 
The exact age at which correction for this indication is undertaken is not of very 
great moment, but it must be before puberty if a shrunken testicle is to be 
avoided. 

b) The untreated bilateral cryptorchid will almost certainly be sterile: the 
chances of fertility are definitely improved by securing descent. This consideration 
is not relevant to the unilateral case, whose chances of fertility are very unlikely 
to be increased by treatment. It is certain that in order to secure active sper­
matogenesis, the testicle must be in the scrotum before puberty, and the recent 
demonstration that histological divergence of the undescended from the normal 
begins in the sixth year may suggest that correction should be achieved before 
that age. We are, however, without accurate information as to whether a testicle, 
retarded because of its position, will "catch up" if replaced before puberty, or 
whether its structural deficiency is such that normal function can never be 
expected of it, at whatever age it reaches the scrotum. The earlier reports of 
fertility after correction of bilateral cryptorchidism (HANSEN) indicated that 
very little could be achieved by treatment, but GROSS and JEWETT record that 
30 out of 38 of their cases became fertile after being treated by orchidopexy 
between the ages of 9 and 10 years. The advocates of earlier operation (e.g. 
HINMAN) have not been able to produce any comparable series as yet, though 
if the correction was as easily obtained at the earlier age, there would be little 
objection to their advice. This point is discussed later. 

c) There may be a complication such as hernia or torsion which demands 
treatment. The age of the child is irrelevant to this consideration. 

d) The undescended testic1e may have an increased liability to malignant 
disease: as already stated the magnitude of this risk is variously assessed and 
regarded by many as negligible. The risk does not appear to be eliminated by 
replacement of the testicle in the scrotum, and if established as a serious factor, 
it must be regarded as an indication for orchidectomy. This conclusion is only 
acceptable, however, in unilateral cases and for testicles which cannot be brought 
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to the scrotum, and even for these cases most surgeons to-day prefer to retain 
during childhood an abdominal testicle for its endocrine function, believing the 
risk of hypogonadism to be greater than the risk of malignancy. In operations 
after puberty and the establishment of secondary sex characteristics, preser­
vation of the unilateral intra-abdominal testicle has little advantage. 

From these considerations it may be concluded that all undescended testicles 
should be corrected before puberty, and where diagnosis has been accurate, 
nothing can be gained by awaiting the outcome of that event. The method of 
treatment, and the stage of childhood at which it should be applied, remain to 
be discussed. 

The extravagant claims for endocrine therapy which were made in the earlier 
days of its use may now be largely discounted; there remains a sm all but important 
place for the use of hormones. The exhibition of gonadotropins such as Pregnyl, 
Folluitin, 01' Antuitrin S will produce areaction mimicking the normal pubertal 
changes; testosterone should not be used as there is some danger that it will 
suppress normal testicular function. 

It will be clear from the discussion of the surgical anatomy that gonado­
tropins will not cause descent in cases of inguinal ectopia, 01' in emergent testicles 
with hernial sacs, while in the low retractile type no treatment is required. In the 
high retractile group, however, there may be some doubt about the exact anatomy 
and about the outcome: in these cases, particularly where the condition is bi­
lateral, a course of gonadotropin will settle the issue. Some of the testicles will 
descend to the bottom of the scrotum, and the surgeon may then rest assured that 
even if retraction takes place at the end of the course of treatment the changes 
of normal puberty will again set matters right. When there is no increase in the 
range of mobility, operation should be advised. 

Pre-operative gonadotropins are advised by some surgeons on the grounds 
that they lengthen the cord structures and render the scrotal replacement easier. 
There cannot be any conclusive evidence for such an effect, however, and many 
operators, including the present author, remain unconvinced. On]y in the case of 
bilateral impalpable testicle can hormones be usefully employed pre-operatively. 

Hormone injections therefore assume a diagnostic rather than a therapeutic 
role, and are useful in only a small proportion. The author's practice i8 to give 
a course of Pregnyl, 500 units twice weekly for 8 weeks, but rather larger doses 
than this may be employed without danger. Some surgeons (e.g. HINMAN) use a 
much shorter course of a more concentrated drug, giving 1,000 units every other 
day for 2 weeks. Higher dosage for lang periods will produce some undesirable 
side effects, including a very considerable enlargement of thc penis, but these 
effects are transitory, and despite the many warnings which have been issued, 
no permanent harm has been reported. 

Operative orchidopexy is required for all inguinal ectopic testicles, for emergent 
testicles, and for impalpable testicles. The operative technique is discussed in 
Vol. XIII and it may simply be remarked here that the method of freeing the 
cord, if necessary by extensive dissection, is much more important than the method 
of fixation. The hernial sac must be completely dissected off the cord, and excised; 
the testicular vessels must be freed from their attachment to the peritoneum above 
and lateral to the internal ring so that they can be swung in medially, and the 
posterior wall of the canal incised down to the epigastric vessels to allow the vas 
to shorten its course. After freeing, the majority of testicles can be brought 
easily to the scrotum, and require only to be kept there while healing occurs. 
GROSS uses a trans-scrotal stitch with elastic traction applied from the thigh; 

17* 
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the writer prefers DENIS BROWNE'S method of slipping the testicle through a 
loop eut from the fascia covering pectineus and passing it on into the scrotum. 

When the testicle eannot be brought fully down, it may be left immediately 
outside the inguinal ring, and a second operation attempted one or two years 
later. The secondary procedure is seldom easy, dissection of the adhesions is 
tedious and must be carried out with great care to avoid damage to the cord and 
vessels, but it will often be found that sufficient length can thereby be obtained, 
and a very satisfactory position secured. When it fails the testicle is likely to be 
in poor condition and may be removed. 

When, at the first operation the cord is very short indeed and the testicle 
eannot be brought to the external ring, abdominal replacement should be per­
formed in the child, orchidectomy in the adult. 

Absence of the testicle is seen from time to time, and a very extensive dissec­
tion and seareh is not justifiable in ehildhood, but when no testicle is found in the 
inguinal eanal, or in the nearby retro-peritoneal region, the peritoneum should 
be opened to see whether any Mullerian duet derivatives are present. 

In unilateral eases, when the eontralateral testicle is normal, and there is 
little risk of infertility, operation is best performed at the age of 9 or 10 years. 
An early intervention may be made when pain or the presenee of a hernia demand 
it, but the tissues in the older ehild are tougher and make a satisfactory outcome 
more likely. This is partieularly the ease with the impalpable testiele, in whieh 
operative difficulties are frequent and may be formidable. 

In bilateral eases, a somewhat earlier operation may be advised, but not 
before 5 years of age. The two sides may be treated at the same time only when 
length is easily obtained on the first, otherwise it is preferable to allow some 
months to elapse between the two proeedures. 

A small symptomless hernia need not indieate an early operation, and many 
may safely be watehed until a suitable age is reaehed. Any suggestion of in­
eareeration or strangulation will demand early attention. 

Judged from the standpoint of clinical examination, the results of a carefully 
performed orchidopexy are satisfaetory in about 90 % of cases: aecidents to the 
blood supply result in atrophy of some testicles, and the inherent structural in­
feriority aeeounts for other failures. Evidenee as to the results in terms of fertility 
are diffieult to obtain, and the results of GROSS and JEWETT have already been 
quoted. 

IX. Other testicular anomalies 

Although imperfect descent of the testicles is one of the most eommon problems 
of ehildren's urology, other eongenital testicular abnormalities are rare, and of 
interest to the elinieian chiefly on account of their li ability to be eonfused with 
simple failure of descent. 

1. Anorchia and monOl'chia 
In a small proportion of those eases in which no testicle is palpable on clinical 

examination none will be found at operation (OOUNSELLOR et al.). From the 
operative standpoint complete absence of the testicle is difficult to establish sinee 
all the possible sites ean hardly be adequately explored, but the diagnosis may be 
made with reasonable assurance when the vas deferens can be traced down into 
the scrotum where it ends in an expansion representing the epididymis yet no 
testicle can be found in the scrotum, the inguinal eanal or the pelvis as exposed 
through an inguinal ineision. Unilateral absence (monorchia) is commoner than 
complete anorchia (WILLIAMS and LEE); hypogonadism will occur only in the 
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latter, and if it is diagnosed before the normal age of puberty replacement therapy 
is indicated. 

2. Hypoplasia 
The testicle is sometimes represented by a minute organ in the scrotum, no 

larger than a pea, though the histology during childhood may be normal. Cases 
are likely to be diagnosed only at operation for suspected abdominal testicles. 
Hormone replacement therapy is required in bilateral hypoplasia. 

3. Polyorchism 
A third testicle is a very exceptional finding, and usually presents as a tender 

swelling in the groin or upper scrotum, which is apt to be regarded as a hydrocele 
of the cord or an irredu-
cible hernia (ANDERSON). 
The clinical finding is 
likely to lead to explora­
tion and therefore to the 
correct diagnosis. A single 
vas commonly serves both 
organs, and must be pre­
served when the super­
numerary member is re­
moved. 

4. Rare forms 
of testicular ectopia 

The form of maIdes­
cent known as inguinal 
ectopia has already been 
described : other forms of 
ectopia are rare, and can 
normally be diagnosed 
without difficulty. 

a) Perineal ectopia. 
The testis passes down­
ward from the extern al 
inguinal ring into the 

Fig.147. Eetopie serot,um. The external genitalia of an infant aged 
2 months. Normal serot.al skin oeeurs only on the right side of d;he 
median raphe, but there i8 aseparate pedieled seroturn in the region of 

the left pubic tubereIe, whieh eneloses a testicle 

perineum (W AKELEY). In this situation it may cause some pain, particularly 
during such activities as riding a bicycle. It is easily palpable, but is apt to be 
overlooked unless a deli berate examination of the region is made. 

b) Penile ectopia. The testis passes upwards and comes to lie at the root 
of the penis, or on the dorsum of the shaft (RASPALL). 

c) Femoral ectopia. The testis takes up a position in the femoral triangle (BEETZ) . 
d) Transverse ectopia. Both testes pass out through the same inguinal canal 

and come to lie in the same half of the scrotum. 
The first three forms are easily corrected, since the spermatic cord is of 

adequate length, and it is a simple matter to replace the testicle in the scrotum. 
Transverse ectopia may be associated with other abnormalities of the genital 
tract, including pseudohermaphroditism, and is seldom amenable to correction 
(HERTZLER). 

An ectopic testicle occupying an ectopic scrotal pouch in the inguinal region 
is illustrated in Fig.147. 
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X. Hydrocele 

A collection of fluid within the tunica vaginalis is a common finding in in­
fancy, but one that need cause little concern. The subject is reviewed by CAMP­
BELL, by GROSS and by LANGER. As in adults, a secondary hydrocele may 
complicate epididymitis, orchitis or a traumatic lesion of the testicle, but the onset, 
pain, and associated signs willleave little doubt as to the nature of the disorder. 
Primary hydrocele in children is almost always accompanied by a congenital 
defect in the processus vaginalis, and the group may be sub-divided as folIows: 

1. Hydrocele 01 the tunica vaginaIis 

a) Irreducible 
There is a cystic swelling in the scrotum which is brightly transilluminable, 

the testis can be located within the sac, and the cord is normal. The diagnosis 
presents little difficulty since spermatocele is virtually unknown in childhood, and 
other irreducible testicular enlargements do not transilluminate: a neoplasm is 
a harder and heavier swelling. Occasionally there is a palpable prolongation of 
the sac up the cord, and at operation there is almost always adefinite processus 
vaginalis connecting the peritoneum with the hydrocele sac, even when its lumen 
has been obliterated. Bilateral hydrocele of this type is often seen in the new­
born, and if untreated will usually disappear spontaneously during the first six 
or nine months of life. Aspiration of the fluid is not helpful, since the presence 
of the hydrocele causes no symptoms in infancy, and recurrence is the rule. The 
child's parents should simply be re-assured, and asked to bring him up for review 
at the end of a year. Irreducible hydrocele appearing after the end of the first 
year of life is likely to be persistent, and may cause some discomfort; operation 
should be advised and perlormed through an incision over the external inguinal 
ring, so that the processus vaginalis can be excised at the same time that the 
tunica is trimmed away. 

b) Reducible 
The usual signs of hydrocele are present, but the swelling can be reduced by 

digital pressure, or will disappear spontaneously in recumbency. Occasionally no 
change in size can be observed on clinical examination, but there is a clear history 
that the swelling is smaller when the child first gets out of bed, and enlarges 
towards the evening. There is evidently a patent processus vaginalis allowing 
the fluid to be displaced into the peritoneal cavity, though there need be no 
suggestion of ascites or any intra-abdominal disorder. Clinically, the fluid nature 
of the swelling is evident, so that hernia will not be suspected, though with a wide 
processus it is clear that hernia may follow in time, and the distinction is un­
important. Except in the neonatal period when spontaneous eure is likely, 
treatment should be operative, but need only comprise excision of the processus, 
and laying open of the tunica. 

2. Hydrocele 01 the cord, or 01 the canaI 01 Nuck 
In these cases, the processus vaginalis has become obliterated at its upper and 

lower extremities, leaving an accumulation of fluid in the mid-portion. Clinically 
this presents as a tense cystic swelling in the inguinal region, painless and 
irreducible; transillumination is only possible when the cyst lies in the upper 
scrotum, for higher up the thickness of the overlying tissue obscures the effect. 
Differential diagnosis from incarcerated inguinal hernia may be difficult, but 
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the absence of pain, and the length of history will usually be sufficient indi­
cation. In some cases, the hydrocele of the cord is elongated, and reaches down 
to the level of the testicle. In the majority, the cyst is found in infancy, and 
disappears spontaneously; operation may be required in later childhood. 

3. Hydrocele with undescended testis 
A collection of fluid may surround an "emergent" testicle (p.253) or one 

entrapped within the inguinal canal. A patent processus vaginalis is usually 
present. Operation will be required for the testicular abnormality. 

A TI 
Fig.148A and B. Meconium hydrocele. A External genitalia; B X·ray of scrotllm; boy aged 6 weeks with 
testiclllar swellings hut in good g~neral health. Calcified masses were seen in the X·ray of abdomen as weil as in 
the scrotum and indicated healed meconinm peritonitis. Masses of sticky meconium were removed from both 

hydrocele sacs with comple!e recovery. Mr. D .• T. WATERSTON'S case 

4. Meconium hydrocele 
The condition here described is very rare, and occurs as a complication of 

meconium peritonitis. A perforation of the bowel is assumed to have taken place 
during foetal life, releasing a quantity of meconium into the peritoneal cavity, 
where it sets up a sterile, chemical peritonitis. The bowel perforation heals, but 
the effects of the peritonitis and adhesions may cause obstruction. Calcification 
occurs in the masses of meconium, and these can therefore be visualized radio­
logically. 

While the processus vaginalis is patent, the spilt meconium is free to enter it, 
and set up an inflammation around the testicle. After birth the infant may 
present with a considerable scrotal swelling, and both testicles are surrounded 
by partially calcified masses of meconium, as in WATERSTON'S case illustrated 
in Fig. 148. Removal of the masses led to a satisfactory resolution of the in­
flammation. 

XI. Varicocele 
In the presence of large renal tumours, particularly on the left side, the veins 

of the pampiniform plexus may become tensely distended: the tumour obstructs 
the testicular veins by pressure rather than by invasion. This finding may be of 
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diagnostic importance, but it is easily distinguished from true varicocele forma­
tion, in which there is an easily compressed varicosity. 

Varicocele, though normally a post-pubertal development is occasionally seen 
in boys of 8 years and upwards, but it is seldom responsible for symptoms. CAMP­
BELL has emphasized that a renal abnormality may be found, and describes a 
case with hydronephrosis due to vascular obstruction of the pelvi-ureteric junction, 
with concomitant obstruction of the testicular veins. In the great majority, 
however, no such abnormality is found, and treatment should follow the same 
lines as for the disorder in adults. The present writer favours the high ligation 
technique described by ROBB. 

XII. Torsion of tbe spermatic cord and of tbe testicular 
appendages 

1. Torsion 01 the spermatic cord 
Although this is typically a disorder of adolescents and young adults, an 

increasing number of reports have drawn attention to its importance in child­
hood, and particularly in the neonatal period. 

The torsion can occur at three levels: 
a) the spermatic cord above the tunica vaginalis, resulting in infarction of 

the whole testicle as weIl as its serous membranes (Fig.149a). Many authors 
believe that this cannot occur unless there has been a previous rupture of the 
gubernaculum, but as CAMPBELL has pointed out that it has long been known 
that in the newborn child the testiele lies freely within the serotal tissues, and at 
this period, though not later, extra-vaginal torsion can occur. His findings 
have been confirmed by LONGINO and MARTIN who report aseries of 9 cases. 

b) the spermatic cord within the tunica vaginalis (Fig. 149b). For torsion 
to occur in this situation the tunica must invest the cord to a high level, and the 
testicle and epididymis must be suspended by a comparatively long mesentery, 
often hanging "like a clapperin a bell". This state of affairs is often bilateral, so 
that if torsion has occurred on one side, it is likely that the predisposing factor 
is present on the other side as well. MUSCHAT states that in this type the testiele 
has not undergone its normal developmental inversion so that the appendix 
testis is lying at the lower pole: he believes that ear]y high investment of the cord 
prevents this inversion, and leaves the testicle predisposed to torsion. Intra­
vaginal torsion is apt to take place in the undescended testiele, though it may 
be noted that a normally placed testicle is often pulled up to the groin during the 
process of torsion. 

c) the mesorchium between the epididymis and the testis (Fig.149c). This 
form is rare, and can only occur when the mesorchium is long. 

The force causing the torsion is believed to be a spasm of the cremaster 
musele, though there is little proof of this. The onset occasionally follows a 
sudden muscular effort or slight trauma, but may at other times occur at rest or 
during sleep. 

Clinically there is a severe spasmodic pain in the testicle and acute local ten­
derness. There may be nausea and vomiting, and sometimes collapse, but the 
temperature is seldom raised and the bowels are unaffected. The pain subsides 
after a few days, when the testiele is completely gangrenous. Spontaneous relief 
may occur, however, with restoration of normal circulation and a history of 
transitory attacks is not unusual: both testicles may be affected one after the 
other. 
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On examination, the testicle is enlarged, firm or hard, and acutely tender. 
n is often drawn up to the groin, and some writers state that lifting it further 
tends to relieve the pain. After a time the overlying skin becomes oedematous 
and reddened, later it is slightly blue. Differential diagnosis must be made from 
strangulated inguinal hernia and from acute epididymo-orchitis: accompanying 
intestinal signs in the one case, and urinary disturbance in the other will usually 
be sufficient indication, but there should be no hesitation in advising immediate 
exploration. 

The chances of preserving the testicle by untwisting it are smalI, unless the 
case is seen within the first few hours, though the degree of vascular obstruction 
must clearly vary from case to case. DE­
MING and CLARKE believe that a depri­
vation of circulation lasting four hours is 
sufficient to render testicular gangrene and 
subsequent atrophy inevitable, yet they 
claim to have preserved the testis in 9 out 
of 20 cases. The treatment should be 
immediate operation, and reposition of 
the testicle if it is possible; if not orchidee­
tomy should be performed. The replaeed 
testicle should be stitched to the serotal 
skin, and if there is any suspicion of eon­
tralateral involvement, the same operation 
should be performed on the opposite side. 
Some surgeons, who have been partieularly 
impressed by the frequeney of bilateral 
torsion, advise contralateral fixation in 
all eases. 

Torsion in the new born presents a 
somewhat different problem, sinee pain is 
not a feature, and the only finding a hard, 
enlarged testiele. It is assumed that the 
onset has oeeurred before birth. A testi­
eular tumour may sometimes be suspeeted, 
and in several eases hydroeele of the 

Fig. 149. Diagrams to show the varieties of tor­
sion. A Extra·vaginal torsion of the spermatic 
cord. B Int,ravaginal torsion of the spermatic cord. 
e Torsion between testis and epididymis. D Torsion 
of appendix testis. The infarcted arens are stippled 

opposite side has eonfused the diagnosis. It is likely that atrophy will ultimately 
follow, but little benefit will be derived from operation at the late stage at whieh 
the eases are seen. GLASER and W ALLIS believe that surgery should be with­
held altogether, while LONGINO and MARTIN replaee even a blaekened testicle 
within the scrotum, when it is found at operation, in the hope that some of the 
endoerine funetion at least will be preserved. 

Infaretion of the testicle without evident torsion is seen from time to time in 
infants: it ean eertainly eomplieate strangulated or ineareerated hernia (BENNETT­
JONES, FUCHSIG) and may follow birth trauma in breeeh presentation (NOWA­
KOWSKI) but in the new-born it is usually assumed that an intra-uterine torsion 
has oecurred (RAVICH, RHYNE et al. , FERNICoLA). Onee again the eondition is 
painless and little is gained by orehideetomy. 

2. Torsion 01 thc tcsticular appcndagcs 
Torsion of the testieular appendages is eharaeteristieally a disorder of children 

approaehing the age of puberty. The subjeet has been fully reviewed by DIX, 
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and good case reports have been added by HESLIN and ALLYN, and SEIDAL and 
YEAW. The appendix testis (hydatid of Morgagni) is most frequently affected 
(Fig. 149d), the appendix epididymis, the paradidymis and the organ of Giraldes 
less often. There is a sudden onset of acute pain and tenderness: the twisted 
hydatid can occasionally be feIt as aseparate nodule, but may be obscured by 
slight hydrocele or by oedema of the overlying skin. A severe case may be diffi­
cult to distinguish from torsion of the spermatic cord, but operation will reveal 
the true state of affairs, and the hydatid is easily removed. 

XIll. Serotal oedema and gangrene 

In breech presentations the scrotum is particularly!iable to become oedema­
tous, and may in addition become severely trarimatized. NIELSON et al. record 
a case in which the whole scrotal and penile skin became gangrenous as a result 
of the injury in these circumstances; the testicles were exposed, and the wound 
heavily infected, but spontaneous healing was ultimately complete. 

Strangulated hernia and Iocal infection in the groin may, in a debilitated infant, 
lead to a spreading gangrenous infection of the scrotal skin (LEVINSON), which 
in times past has proved fatal. Extravasation of urine and peri-urethral phlegmon 
are very rare in childhood, though they have been recorded by CAMPBELL : they 
may follow impaction of a calculus in the urethra, or complicate a congenital 
stricture. Spontaneous gangrene of the scrotum (Fournier's Gangrene) has been 
reported by ALDERS. 

o. The female genital tract and urethra 

J. The clitoris and labia 

1. Ligated clitoris 
The most important changes observed in the clitoris during childhood have 

an endocrine basis and are discussed in the following chapter. Traumatic lesions 
are seen, however, resulting from the tying of a hair or thread around the clitoris, 
which becomes reddened, oedematous and considerablyenlarged. Since a clear 
history of the cause of the trouble is unlikely to be obtained, other origins for the 
enlargement may be suspected : one reported case was originally thought to be a 
paraphimosis (BROWN) and a similar Iesion ascribed to riding a bicycle may 
perhaps be regarded with scepticism (WILLAN). Careful inspection under anaesthe­
sia will reveal the presence of the ligature, and its removal may be all that is 
required: advanced necrosis may demand amputation. 

An accumulation of smegma beneath the prepuce may cause irritation, 
cleansing only is needed, and circumcision has no place in the modern treatment. 

2. Labial fusion 
This is a common disorder of young girls which is too little known by the 

medical profession. The margins of the labia minora adhere to one another in the 
midline, and form an almost complete membrane closing the vulva save for a 
minute opening anteriorly (Fig.150). The condition may certainIy be present 
at birth, but in other instances it is acquired, and follows a mild vulvitis. The 
appearance is quite characteristic, and the adhesions can be separated with 
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ease by the use of a probe: a normal hymen and vaginal orifice are then displayed 
to the great satisfaction of the parents, who have often anticipated, and have 
been told to expect, multiple operations for reconstruction of the absent vagina. 
Recurrence of adhesions may occur in cases of vulvitis, and the mother should 
be instructed to maintain strict cleanliness, and to apply a smear of vaseline to 
the labia after each bath. 

3. Ammonia dermatitis 
Ammonia dermatitis occurs as often in girls as in boys, though its effects 

are much less serious: the urinary meatus is protected, and the skin lesions are 

A B 
Fig. 150 A and B. I,abial fnsion. The external genitalia of a girl aged 3 years. A Showing adhesion of the edges 

of the labia minora. B Mter separation - normal vaginal introitus 

confined to the labia minora, and thighs. In older children with urinary inconti­
nence, more severe changes may be encountered, the vulval tissues becoming 
sodden, oedematous, and perhaps ulcerated. 

4. Labial thickening 
A leathery thickening of the labia results from habitual masturbation in some 

girls: it somewhat resembles the pubertal changes, but may be distinguished by 
the absence of other signs of precocity. 

11. The external urinary meatus 

1. Stenosis 
Simple stenosis of the external urinary meatus may be seen from time to time 

in girls complaining of frequency and enuresis, though it is seldom a cause of 
serious urinary obstruction. The stenosis responds readily to instrumental dila­
tation, but the symptoms may take longer to disappear. 
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2. Hypospadias 
Mueh more severe stenosis is seen in assoeiation with the deformity known 

as hypospadias of the female urethra, in which the meatus is plaeed above its 
normal situation on the anterior vaginal wall. With this deformity, chronic 
retention of urine may be encountered and the hidden opening of the urethra 
makes diagnosis diffieult. Regular intermittent dilatation must be earried out 
over a prolonged period to ensure an adequate ehannel. 

3. Covered meatus 
In some otherwise normal girls, a fold of mucosa projects forward from behind 

the meatus, covering the usual opening and carrying the urethral channel forwards 
for a short distance towards the clitoris. At times this fold is sufficiently strong 
to divert the urinary stream in a forward direction, so that micturition in the 
ordinary sitting position be comes diffieult to manage. A simple meatotomy is 
usually all that is required for eure. This type of mueosal fold has also been 
encountered in association with a mild degree of the epispadias deformity, and 
a very short urethra: in this ease an extensive meatotomy was not advised 
because of the danger of upsetting the already precarious continence. 

Ill. Urethral prolapse 

Prolapse of the urethral mueosa may be seen in girls, and differs somewhat 
from the disorder in adults. It usually occurs in otherwise healthy children from 
the age of 3 years onwards, and causes bleeding from the vulva, with soreness on 
micturition. The prolapse in most cases involves the whole circumference of the 
urethra, and the opening is therefore placed centrally ; exceptionally one wall 
prolapses more than another and the opening is then found in front or behind 
the protrusion. The mass is seldom more than 1-2 cm across, it is red and 
oedematous and can be reduced only with difficulty or not at all. Recurrenee 
after reduction is almost invariable, though with rest in bed and sitz-baths the 
oedema may subside considerably and relieve all the symptoms. HIGGINS et al. 
have emphasized that eonservative management may ultimately lead to spon­
taneous eure, but most authors have treated these cases by excision of the 
prolapsed portion of the urethra. This may be done by a eircular incision with 
a diathermy knife on to a catheter, or the mass may be divided into two portions 
and ligatured. No stricture formation has been reeorded after these operations. 

In one case, now under my care, excision of a prolapse containing angiomatous 
tissue in a new born infant has left the child with a very short urethra and some 
stress incontinence of urine. 

IV. Urethro-trigonitis 

As in the ease of the adult female, there is considerable difference of opinion 
among urologists as to the importance of minor changes in the urethral mucosa. 
Some authors (e.g. HODGES, ROEN and STEPT, SPENCE and MOORE, WINSBURY­
WHITE) believe that in a high proportion of girls with frequency, dysuria, enuresis, 
and recurrent urinary infections, symptoms are due to urethritis although the 
urine may be sterile and free from deposit. The endoscopic findings in these 
cases include polyp formation at the bladder neck, granular areas and hillocks 
in the urethra and to a lesser extent on the trigone. It is claimed that very good 
results from instrumental dilatation are obtained in such cases. 
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The present writer believes that these changes are sometimes, though not 
frequently, important in cases of recurrent infection in the otherwise normal 
urinary tract, and has observed good results following instrumental dilatation 
of the urethra, but the significance of minor changes in cases where no infection 
has been present is more doubtful, and in enuresis the results of treatment of 
girls with "urethro-trigonitis" appear to be much the same as those with normal 
findings on urethroscopy. 

V. Vulvo-vaginitis 

The vaginal mucosa of the new born infant is comparable with that of the 
adult, being thick and stratified; the cells contain glycogen, the secretion is acid 
and Döderlein's bacilli are present. At this stage, vaginitis is unlikely to 
occur, though a slight white discharge may be seen as a result of the secretory 
activity of the cervical glands. As the influence of the maternal hormones recedes, 
the vaginal mucosa thins, until it is represented only by three or four layers of 
cells, and shows no keratinization of the superficiallayers. The cells lose their 
glycogen content and the pR of the secretion increases to 7 or 8. This is the state 
of affairs before puberty, until which time the vagina presents little resistance 
to infection should any pathogenic organisms be introduced. Gonococcal vulvo­
vaginitis was, in fact, a common and severe disease of childhood which could 
be acquired by simple non-venereal contact with clothing or towels used by 
infected individuals: fortunately the introduction of the antibiotics has so reduced 
the incidence of this infection that involvement of pre-pubertal girls is now very 
rarely seen. There remain, however, many cases of non-specific vaginitis of no 
great severity, but offering considerable resistance to treatment. 

1. Gonococcal vulvo-vaginitis 
The incidence and mode of infection differ considerably in various communities : 

thus in India MUKHEBJEE reports that the age group 3-5 years was most commonly 
involved, and that cases were sporadic, the infection being transferred by infected 
parents or servants; while in Western countries epidemics in rather older children 
have accounted for most cases, infection being transferred from child to child in 
boarding schools and other institutions. In London in 1938, gonorrhoea accounted 
for 20 to 30 % of all cases of vaginal discharge in children, whereas MUKHEBJEE 
found gonococci in 54 % . 

The disease is characterized by a profuse, and irritating purulent dis charge : 
there is marked dysuria and frequency, but other complications are uncommon. 
The vulva is acutely tender so that examination may be difficult; the urethral 
orifice is reddened and pouting, and in severe cases there may be some ulceration 
of the labia. The discharge should be washed away by agentIe stream of water, 
and a drop of pus taken with a pipette from within the vagina: microscopic 
examination of a smear and culture will confirm diagnosis. 

Penicillin treatment is rapidly curative in the majority of cases and antibiotics 
will be successful in resistant infections. While the discharge is present, strict 
precautions must be taken against spread of infection to other children; clothes, 
towels etc., should be sterilized after use, baths and toilets should be carefully 
washed with disinfectant (see SCHAUFFLER). 

2. Non-gonococcal vulvo-vaginitis 
This category includes a variety of disorders, in some of which no definite 

infecting organism can be found. In a few cases a haemolytic Streptococcus, or 
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a Staph. aureus produces an intense purulent discharge comparable with the 
gonococcal variety and as easily cured by chemotherapy. A retained foreign 
body will set up an acute inflammation with a discharge which is frequently 
blood-stained as well as purulent: it is seldom possible to obtain any history 
relevant to the introduction of the object for which the curiosity of the child or 
her companions is most frequently responsible. A careful search should be made 
in all cases. In many instances, the only organisms cultured from the discharge 
are diphtheroids, coliforms and other obvious contaminants: in these the discharge 
is often white rather than yellow and is comparatively scanty. This type of vulva­
vaginitis is frequently attributed to lack of hygiene and to general debility, and 
it is true that it is often found in children who are poorly cared for, who have 
deformities such as spastic diplegia which render cleansing difficult, or who are 
recovering from acute specific fevers. Periodic and self-terminating attacks of 
mild vulvo-vaginitis are also encountered in healthy girls, however, and are a 
source of great concern to parents with high standards of hygiene. SCHAUFFLER 
regards this type as the result of "hypoestrinism" and comparable to the senile 
vaginitis of the post-menopausal woman: there is no doubt that most of these 
cases recover at puberty. Trichomonas infection, and vaginal moniliasis are 
almost unknown in the pre-pubertal age group. 

Where there is an acute on set and purulent discharge, bacteriological investi­
gations and chemotherapy are olearly the immediate re quirements , and internal 
examination may be deferred, but in less acute disorders a careful inspection of 
the vagina should be made. A urethroscope is a suitable instrument, which 
easily passes through the hymen of any normal child: some are quite tolerant of 
such procedures, but in most girls they are better conducted under anaesthesia. 
Removal of a foreign body, which may be quite smalI, will lead to immediate 
recovery. 

In cases which resist systemic chemotherapy, and in which no foreign body 
is found, local hygiene and frequent baths are of the greatest importance, but 
little benefit is likely to be derived from douches or the introduction of chemo­
therapeutic agents in pellet form. Such intravaginal procedures should in fact 
be avoided in young girls if possible. Often the discharge is intermittent and so 
slight that the parents may simply be reassured that no serious infection is 
present, and that the disorder will olear spontaneously at puberty: when it is 
severe and troublesome oestrogens may be employed to bring about prematurely 
the pubertal changes in the vaginal mucosa. Stilboestrol, 0.5 mgm b.d., may be 
taken orally, or dienoestrol cream may be squeezed into the vagina from an 
ointment tube. Side effects, such as uterine bleeding and breast development may 
complicate oestrogen therapy if it is carried on for a long period. 

VI. Urethral injuries and fistulae 

Injury to the urethra of the female child is rare, but may result from falls 
astride sharp objects which penetrate the vagina from below, or very rarely from 
fractures of the pubis. In both cases, the formation of a urethro-vaginal fistula 
may follow, with or without, stricture formation in the distal urethra. At times 
the whole mid-portion of the urethra appears to be destroyed leaving only the 
external meatus below, and the bladder neck above opening directly into the 
vagina. Concomitant injury to the vagina and stenosis of the hymenal region 
may lead to a urinary hydrocolpos. The surgical repair of extensive urethro­
vaginal fistulae is difficult, but exposure from below may be improved by a wide 
episiotomy, and olosure of the defect in layers should be attempted. 



Hydrocolpos and haematocolpos 271 

VII. Hydrocolpos and haematocolpos 

"Gynatresia", congenital vaginal obstruction, may produce symptoms at 
the two extremes of childhood: during the first weeks of life, and again at the 
onset of pu berty. 

In infants the obstruction is usually a tough membrane, considerably thicker 
than the normal hymen and often higher up the vagina. MAHONEY and CHAMBER­

LAIN believed that the commonly applied term "imperforate hymen" was incor­
reet, but the majority of cases have not been sufficiently carefully examined to 
determine the point. In my 
case, the membrane bulged 
down to the vulva from an 
attachment deeply within 
the vagina (Fig. 151). 

Behind the obstruction 
there is an accumulation of 
white mucoid fluid, which 
causes an enormous disten­
sion of the vagina (hydro­
colpos), and sometmes also 
a distension of the uterus 
(hydrometra). This fluid 
appears to be derived from 
the cervical glands which 
in utero and during the first 
week of life are actively 
secreting, being stimulated 
by the maternal hormones. 
The hydrocolpos displaces 
the bladder and frequently 
causes retention of urine, 
sometimes with upper uri­
nary tract dilatation; the 
bowel is also 0 bstructed, and 
in advanced cases there ma y 

Fig. 151. Hydrocolpos. Colpogram in a prematnre female infant pre­
senting with an abdominal tumour, due to the enormously distended 
vagina. Under anaesthetic an obstructing membrane was found some 
distance above the hymen, and this film was obtainea after rupture of 
the membrane. A small amount of dye can be seen in the bladder, 

on the ventral aspect of the hydrocolpos 

be arespiratory embarrassement., and oedema of the legs. The diagnosis is easily 
made, provided the vulva is carefully examined in all cases where a swelling is 
found arising from the pelvis. 

Treatment should consist in simple ablation of the obstructing membrane. 
GROSS warns t.hat where the bulging is extreme there may be some danger of 
injuring the urethra, and advises laparotomy, and drainage from above. In the 
majority, however, relief is rapidly obtained by simple incision and the only 
risk is that infection may be introduced. 

Hydrocolpos may occasionally be seen in pubertal girls (MALIPHANT), but in 
the latter age group, haematocolpos due to the accumulation of menstrual fluid 
is the common finding. The child is brought up because of recurrent lower ab­
dominal pain, and a blue bulging membrane is found at the vulva. Haematometra 
and haematosalpinx may complicate thc haematocolpos, but provided adequate 
drainage is established and infection avoided, recovery is satisfactory and fertility 
is not threatened. 

Hydrocolpos and hydrometra with septate vagina may be seen in association 
with anal atresia and urinary obstruction: these rare forms are discussed on p. 95. 
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Vaginal atresia may be acquired: trauma and infection can cause severe 
scarring and constriction of the outlet. Falls astride sharp objects may result in 
damage to the urethra as weIl, and producing a urethro-vaginal fistula with 
stricturing of the meatus. Urine was found dribbling through aminute opening 
in the posterior part of the scarred vulval orifice in one of my cases, and the 
vaginal cavity formed a large reservoir of infected urine. In this type of stenosis, 
simple dilatation of the vaginal constriction is inadequate, and a flap of skin 
should be turned in to enlarge the vulval opening. 

VIII. Congenital absence of the vagina 

Few symptoms appear during childhood in cases where the vagina is completely 
or partially absent, though on routine examination it may be found that only a 
dimpie is present behind the urethral meatus. A uterus may be palpable on 
rectal examination in some, but it is usually rudimentary and incapable of 
menstruation. The anatomical findings, and the methods of plastic reconstruction 
of the vagina are described by McINDoE, and by BRYAN et al. Upper urinary 
tract abnormalities are frequently found in these cases: PHELAN et al. reported 
26 examples in aseries of 72 women examined. 

P. Intersex states and endocrine disorders 

I. Normal development 

Abrief discussion of the normal sexual development of the foetus and child 
is essential to the understanding of the intersex states and endocrine abnormalities 
which are the subject of this section. 

1. The genetic basis 
The genetic factors responsible for sexual development have been worked out 

in detail in insects and lower vertebrates in which experimental embryological 
methods are applicable. As far as can be judged from the simple histological 
observations, the conclusions reached are equally applicable to the mammals. 

The genes concerned with female development are carried upon the X chromo­
some, and nuclei in the female possess an equal pair of these sex chromosomes 
(XX). The genes concerned with male developments are carried upon one of 
the autosomes (certainly in drosophila and probably in mammals); the male 
nuclei possess an unequal pair of sex chromosomes, one X chromosome, and 
one much smaller body, the Y chromosome. It appears that when the combina­
tion XX is present the female genes are strong enough to overcome the male 
autosom al genes, whereas with the combination XY the male factor dominates. 
During spermatogenesis and ovogenesis, a reduction division takes place so that 
the gamete possesses half the normal complement of autosomes, and only one sex 
chromosome: all ova must naturally have an X chromosome, whereas a sperm 
may have either an X or aY. Fertilization of the ovum, and union of the gamete 
nuclei restores the full number of chromosomes and gives either an XY or an XX 
combination, a potential male or a potential female. This genetic combination 
determines the later development of the gonads, but on ce differentiation of the 
ovary or testis occurs, endocrine factors play an important part. During recent 
years it has been realised, largely as a result of the observation of BARR and his 
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co-workers, that the ordinary somatic nuclei present a distinctive appearance 
in the two sexes. The phenomenon was first recognized in the nerve cells of the 
brain stem in the cat but the earliest cells used for routine examination were those 
in the skin. A small densely stained plano-convex body can be found lying im­
mediately within the nuclear membrane in at least 70 % of normal female ceHs, and 
in less than 5 % of normal male ceHs. This body is believed to be connected with 
the XX combination of sex chromosomes, and is known as the sex chromatin 
(BARR) or chromocentre (DANON and SACHS). Similar chromatin masses have 
been identified in the mucosal ceHs derived from buccal or vaginal smears. 

DAVIDSON and SMITH have described a distinctive appearance in the nuclei 
of the polymorph leucocytes. A rounded chromatin mass about I f-l in diameter 
may be attached by a thread to some part of the nucleus, having something of 
the appearance of a drum stick. In some ceHs, the chromatin mass appears to be 
sessile and is much more difficult to identify. Typical drum sticks are found 
in 7-15% of normal female nuclei, none in normal male nuclei, though multiple 
nuclear tags may cause confusion to the inexperienced. 

Either the epidermal or the polymorph method requires an experienced 
observer if it is to give reliable results, and there is little difference in their 
accuracy. Standard preparations of blood films are perhaps the more easily 
obtained. 

This method of nuclear sexing has obviously provided a useful tool for research, 
and is of assistance in the diagnosis of the individual abnormalities. Its impli­
cations have yet to be fuHy worked out, and it is still too early to say to what 
extent abnormalities result from genetic factors affecting the sex chromosomes 
as opposed to later endocrine factors. ExperimentaHy it has been possible 
(CHANG and WITSCHI) to transform genetic male amphibians into functioning 
females so that the chromosomal factors are clearly not of paramount importance : 
similarly in the human Klinefelters's syndrome it has been observed that 
spermatogenesis may occur in genetic females (BUNGE and BRADBURY). 

In gonadal agenesis (p. 287), the genetic sex of apparently female individuals 
is male, but in some it has been suggested that skin from different portions gives 
different results. DANON and SACHS suggest that these "mosaics" have an XO 
constitution, but most authors (e.g. SEGAL and NELSON) believe that the chromo­
some make-up is normal and that the anomaly lies in a failure of the germ ceHs. 

In the pseudohermaphrodites there is little evidence to suggest anyabnormality 
of the sex chromatin, with the doubtful exception of the intersex male with 
purely feminine genitalia (p.283). Of the true hermaphrodites (HINGLAIS and 
HINGLAIS, BARR, NELSON) some are found to have the male, and some the female 
pattern of sex chromatin in the epithelial ceHs. In the case of GREENE et al. , 
there was a suggestion of an XXY formation, and CATHIE has twice noted an 
incidence of 2-3 % of drumsticks in the polymorph nuclei, a finding abnormal 
for either male or female. This variability in the true hermaphrodites limits the 
value of the test in the clinical diagnosis of intersex states, and it is still preferable 
to classify these conditions according to the histology of the gonad. 

2. Endocrine factors 
The embryonic gonad is indeterminate until the seventh week of foetal 

life, when meduHary elements first show differentiation towards testicular tissue. 
The gonad destined to be an ovary does not differentiate until the tenth week 
when primordial follicles appear in the cortex. The subsequent development of 
the genital passages is dependent upon the presence of the gonad, and it has been 

Handbnch der Urologie, Bd. XV 18 
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saown experimentally in the rabbit (JOST) that if the gonad is destroyed, the 
female type of genitalia will appear whatever the genetic sex. A gonadal endocrine 
influence is therefore postulated, though its exact nature remains obscure, and 
there may be a more local effect since unilateral abnormalities may follow 
unilateral damage. Very little is in fact known about the normal endocrine 
influences operative during foetal life, and although many of the intersex ab­
normalities are attributed to such influences, few of these hypotheses can be proved. 

The initiation of normal puberty is apparently due to changes in the hypo­
thalamus, which acts upon the peripheral organs through the secretions of the 
anterior pituitary gland. Two pituitary gonadotropic hormones are known: 
one, the follicle stimulating hormone (F.S.H.) stimulates the development of 
Graafian follicles in the ovary, and the spermatic tubules in the testis. The other, 
the luteinizing hormone (L.H.) controls the corpora lutea and the interstitial 
cells of the testis. The gonads in their turn produce two hormones, which have 
an effect on the secondary sex organs, and also by a "feed-back" mechanism 
modify the pituitary activity. The ovarian hormones are oestrogen and pro­
gesterone, the testicular hormones, testosterone from the interstitial cells, and 
probably also "inhibin" from the tubules. 

Gonadotropic hormone excretion, chiefly F.S.H., can be measured in the 
urine; it is normally almost undetectable in childhood, but rises sharply at puberty 
to the adult level « 60 mouse unitsJ24 hours). In the absence of a normal response 
from the testicle or ovary, an even greater rise will occur as in gonadal agenesis 
and some forms of male hypogonadism. 

Oestrogens may be present in minimal amounts in young children of both 
sexes: in girls a slight rise commences at about the age of eight years, and then 
there is a rapid increase about three years later. Thereafter, with normal menstru­
ation, there is a cyclical rise and fall, so that single estimations are of little value, 
and must always be considered in relation to the period. This same observation 
applies to cases of precocious puberty. Progesterone estimation has little place 
in paediatric work. 

Testosterone, derived from the testicular interstitial cells, is excreted in the 
form of 17 -ketosteroids, together with androgenic substances derived from the 
adrenal cortex, and despite numerous attempts at fractionation it is still not 
possible to identify the precise origin of urinary 17 -ketosteroids. 

The anterior pituitary also produces a hormone ACTH which stimulates the 
adrenal cortex, and the latter in turn secretes hydrocortisone which among 
other things regulates ACTH production. The adrenal cortex is responsible 
for many hormones, among them androgens and to a lesser extent oestrogens, 
disorders of which are discussed later in this section. Both adrenal and gonadal 
factors can produce abnormalities of sexual development in both pre-natal and 
post-natallife. In the prepubertal stage the measurement of the 24 hour output 
of 17 -ketosteroids provides an adequate estimate of the androgenic activity of the 
adrenal cortex: the normal levels are set out in the table below. It will be seen 
that the excretion is very low during the first six years of life, it rises a little after 
this time and then more steeply at puberty in both sexes. It is believed that 
adrenal androgens are responsible for the growth of pubic hair in girls. 

Normal excretion o/17-ketosteroids 
Age 0- 1 years . . 0.25 ± 0.12 mgm/24 hours 

1- 5 years. . . . . . 0.78 ± 0.4 mgmJ24 hours 
6-lO years. . . . . . 1.38 ± 0.64 mgm/24 hours 

11-16 years. . . . . . 4.96 ± 1.97 mgm/24 hours 
(Ref.: PROUT, M., and A. H. SNAITH, awaiting publication) 
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Normal excretion 0/ oestrogen in prepubertal girls 
Age 0- 6 years. . . . . . nil 

7-10 years ...... , less than 1.0 Itgm/24 hours 
11-12 years ...... 2.9--4.1Itgmj24 hours 

(Ref.: SNAITH, A. H., personal communication) 

3. The anatomical growth changes 
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During the first two or three weeks after birth, the female genital organs 
exhibit the effects of stimulation by the maternal hormones. The uterus is 
congested and is almost twice the weight of that in an infant aged one year: the 
cervical glands are active and may produce a slight white discharge, and vaginal 
bleeding from the endometrium is said to occur in 1 % of normal infants (TALBOT 
et al.). A slight enlargement of the breasts and the production of a few drops 
of milk may be observed in most infants of either sex. The labia and clitoris 
appear larger and more prominent in the new born partly because of the relative 
absence of subcutaneous fat in the surrounding area. 

The ovaries in infancy are long and slender, having an almost ribbon-like 
appearance: they enlarge slowly until puberty, when they have attained the 
characteristic almond shape, but the surface is quite smooth, in contrast to the 
irregular pitted surface of the adult organ. After the age of 10 years a few follicles 
begin to develop sufficiently to produce some oestrogens. 

The age of onset of puberty varies greatly from one individual to another, and 
from one race to another: it is also influenced by the nutritional state of the 
child. Puberty is a gradual process which takes some years to complete: breast 
enlargement is the first sign, and is followed by the appearance of pubic hair. 
Menstruation, irregular and often anovular at first, comes later, and axillary 
hair is the last development. Menstruation normally starts between 10 and 
161/ 2 years of age, most often at 13 years. 

In the normal male infant at birth, the penis and scrotum are large and lax; 
the testicles are easily palpated. During the subsequent months, subcutaneous 
fat accumulates so that the penis, which is growing slowly, appears to be relatively 
smaller, and may even become buried in pubic fat. The dartos muscle is active 
and the scrotum varies in size hut is seldom as lax as in the neonate. The 
cremasteric activity results in readily retractile testicles, which when drawn up 
into the groin are difficult to feel in the sUITounding fat. 

During the earlier years of childhood, the baby fat may be lost, allowing 
the penis to be more evident, but actual growth of the external genitalia is very 
slow indeed. Normal puberty may occur at any age between 9 and 17 years, 
and the process may take as long as 3 years to complete. Externally the first 
change to be noted is an increase in the size of the testicles: subsequently androgen 
stimulation results in the enlargement of the penis, growth of pubic hair, deepening 
of the voice, and the appearance of acne on the face. The testicles now cease to 
he actively retractile, and remain in the scrotum. 

Histologically the testicles of the normal infant at birth contain a high 
proportion of weIl differentiated interstitial cells, due it is believed to the stimu­
lation by maternal gonadotropic hormones, and these cells disappear almost 
entirely during the first three weeks of post-natallife. 

From the age of 3 weeks to 4 years the seminiferous tubules are small (66,u) 
and straight, they are almost without a lumen, and the cells have a uniform 
character save for occasional large cells destined to be spermatogonia. During 
the next 6 years, changes are slow; the tubules become more tortuous, and very 
slightly larger, a lumen is clearly defined but only a single layer of cells is present 
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around it. Rapid enlargement of the tubules occur at about the age of 10, and is 
followed by the appearance of interstitial cells. Differentiation within the tubules, 
and the maturation of spermatozoa may take 3-4 years to complete (CHARNEY 
et al.). 

11. Female pseudohermaphroditism 

In the female pseudohermaphrodite, the only gonadal tissue is ovarian and 
the external genitalia are partly or completely masculine in appearance. The 
majority of cases are hormonal in origin. 

1. Congenital adreno-cortical hyperplasia 
Following the pioneer work of LAWSON WILKINS this di~order is now recognized 

as a common affliction of both sexes, although more often diagnosed in the 
female in whom it produces an intersex state. At present it appears to account 
for a majority of infant admissions to hospital for diagnosis of sex. GRUMBACH 
has estimated that in Maryland one individual in 58,000 was affected, and with 
CHILDS has traced the family history of a large group of patients: they believe 
the disorder to be genetically determined, by a recessive autosomal gene, and 
find some evidence of a minor adrenal abnormality in healthy parents of their 
cases. 

a) Anatomy 
At birth, the female pseudohermaphrodite with adrenocortical hyperplasia 

has a moderately enlarged phallus, prominent and often slightly rugose labia, 
and a urogenital sinus opening in a hypospadiac position (Fig. 152). Often this 
opening corresponds to a perineal hypospadias, but occasionally it simulates the 
penile variety, and when the phallus is acutely kinked downward by chordee, 
the urethra may reach the coronal sulcus. BENTINCK et al. have recorded a case 
with a complete penile urethra, but more common is the perineal opening in which 
the vaginal orifice can just be visualized. The vagina, which is normally capacious, 
opens into the urethra through a small orifice at the level of the perineal mem­
brane; the uterus, Fallopian tubes and ovaries are normal in size and position. 
Both adrenal glands are grossly hypertrophied; the origin of the hypertrophied 
cells cannot be identified precisely though they resemble somewhat the "foetal 
cortex". 

. b) Clinical progress 

The virilizing effects of the adrenal activity continue unchecked after birth, 
and result in precocious somatic growth and sexual development upon male lines. 
The phallus be comes considerably enlarged, and frequent erections occur from 
the age of 3 of 4 years onwards; pubic hair appears during the first few years 
and quickly thickens. The skin is coarse and acne-form, the voice breaks early. 
Muscular development is advanced, and the centres of ossification appear early; 
during the first years these individuals are considerably bigger than their 
contempories but, in spite of the early spurt of growth, premature fusion of the 
epiphyses occurs and by adolescence they are short for their years, particularly 
in the limbs (Fig. 153). Menstruation very seldom occurs in untreated cases, 
though it is on record (EVERIDGE). Breast development is absent. The sexual 
inclinations of these children usually accord with the role in which they have 
been brought up (MONEY and HAMPSON), which in turn depends largely upon 
the anatomy of the vulva noted at birth: those raised as boys have often led an 
active sexuallife after repair of hypospadias, and have made satisfactory though 
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sterile husbands. There are some records of untreated cases voluntarily changing 
their role from female to male in early adult life (G ENITIS and BRONSTEIN); there 
is no doubt that those brought up as girls, before the introduction of cortisone, 
passed very unsatisfactory 
lives and a behaviour dis­
order was not uncommon. 

Apart from the virilizing 
effect of adrenal hyperpla­
sia, many of these children 
suffer in early infancy from 
episodes of acute adrenal 
insufficiency, resembling 
Addisonian crises, and in 
the past they have often 
died from this condition 
undiagnosed. Vomiting is 
sometimes projectile, and 
mistaken for the effects of 
pyloric stenosis. Severe 
dehydration and collapse 
are the characteristic signs 
but hypotension is not a 
feature. These crises are 
apt to occur after operation 
or instrumentation, and 
this fact should be born in 
mind when a newborn is 
brought up for the diagnosis 
of sex. The liability to this 
type of imbalance lessens 

Fig.152. Female pseudohermaphrodites with adrenal hyperplasi8" The external genitalia of two infants brought 
up for determination of sex. Both suffered from severe electrolyte disturbanees. The anatomieal arrangement 

is shown in the inset diagram 

in the later years of childhood, but until then a mild infection may sometimes be 
rapidly fatal. 

Hypertension is a feature of some older children recorded by WILKINS, and 
mayaiso be due to overtreatment with cortisone or related steroids. Urinary 
infection, perhaps due to an undrained vaginal reservoir has been seen in some. 
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c) Laboratory findings 

The nuclear chromatin is invariably of the female pattern. 
The 17 -ketosteroid excretion is raised : in the newborn it is usually over 2 mgmj 

24 hour, and rises steadily during the first six 01' seven years of life, up to 20 to 
40 mgm/24 hours, and even higher in adult life. In a few neonates, the 17 -keto­

steroid output is normal, and the figures should be 

A 

checked again after three months in doubtful cases. 
Pregnanetriol excretion is also raised along with the 

total ketosteroids (normal 0-1.8 mgmj24 hours, BON­
GIOVANNI and EBERLEIN). 

During the "Addisonian" crises there is adepression 
of serum sodium and chloride, and a marked rise of 
serum potassium, which not infrequently reaches 
10 mEq/litre. Electrocardiographic changes may ac­
company this rise, but are not as marked as might 
be expected. The blood urea is also raised in the crises 
in some cases even after the dehydration has been cor­
rected. 

B 
Fig. 153 A and B. Adrenal cortical hyperplasia causing pseudohermaphroditism in the female: appearance at 
12 years after cortisone therapy commenced at the age of 9 years. Menstruation has started and breast deve­
lopment is normal, but the large phallus remains unchanged. The premature fusion of epiphyses has led to 

shortening of the Iimbs compared 1,0 the trunk 

The effects of treatment in cases of adrenal hyperplasia have greatly aided the 
understanding of the fundamental disorder. Cortisone causes a rapid fall in the 
androgens, and clinically brings to a halt the virilizing process; started in infancy 
and continued over a long period it allows normal development to proceed, and 
appears to act as substitition therapy. It is postulated that the primary failure 
is an inability on the part of the adrenals to complete the synthesis of hydrocorti­
sone, the process stops short at the formation of 17 -hydroxyprogesterone which 
is excreted in the form of pregnanetriol. In the absence of circulating hydrocorti­
sone which normally inhibits pituitary secretion, ACTH is produced in large 
amounts and leads to adrenal hypertrophy: this in turn raises the output of 
androgenic substances. Cortisone administration leads to a fall in the ACTH 
output, and therefore allows the adrenals to drop back to a more normal level 
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of activity. This hypothesis explains most of the features o{ the disease, though 
some problems still remain: it might be anticipated that in the crises there 
would be a lowered output of aldosterone, but this has not in fact been observed. 

d) Diagnosis 

An infant with genitalia of equivocal sexuality and a raised 17 -ketosteroid 
and pregnanetriol output is undoubtedly suffering from adrenal hyperplasia: 
the appearance of the external genitalia is mimicked both by other forms of male 
and female pseudohermaphroditism, and by true hermaphrodites, while a raised 
17 -ketosteroid output occurs in adrenal tumour. Hyperplasia cases presenting 
in childhood have almost always had the disorder since birth, whereas most 
tumours are post-na tal developments. Pregnanetriol output is raised only in 
hyperplasia, and cortisone therapy reduces both this and total 17 -ketosteroid 
output in hyperplasia but not in tumour. 

An infant with severe hypospadias and unexplained vomiting is probably a 
female pseudohermaphrodite; the observation of female sex chromatin confirms 
this, and indicates the need for immediate investigation of the electrolytes and 
androgen excretion before anything further is attempted. Endoscopy will reveal 
an occult vagina and normal uterine cervix. 

e) Management 
Cases seen in infancy must be treated continuously with cortisone and, 

provided the dose is correctly judged, may achieve normal female development. 
Dosage must be worked out empirically, as in balancing a diabetic, and should 
be adjusted to keep the 17 -ketostel'oid output at anormallevel. Young infants 
often require about 25 mgm a day by mouth as initial therapy, but this can 
sometimes be lowered for maintenance. WILKINS emphasizes that oral cortisone 
should be given in three or foul' daily doses, as its effect is short-lived, and 
believes that some {ailures to control these cases have resulted from infrequent 
administration. The dose will rise with increasing age, up to 50 mgm/day. 

Cortisone therapy cannot of course reverse the anatomical abnormality, and 
when it is started late in childhood, will not cause loss of pubic hair or any change 
in the voice if this has broken. If the treatment is commenced after the bone 
age (not the chronological age) has 1'eached 11 01' 12 years, the1'e is likely to be 
an immediate onset of menstruation and breast development (WILKINS). Late 
treatment cannot, of course, affect bone growth when epiphyseal fusion has 
already occurred, but when the child has been b1'ought up as a girl the1'e is no 
doubt at all that the feminization which it produces is of great value, and the 
appea1'ance of the genitalia can be corrected by excision of the clitoris and 
opening up of the vaginal orifice. 

When an infant has been rega1'ded as a male, the parents should be advised 
to change the sexual role; when an older child has been brought up as a boy, and 
is already weIl adapted to the male role, it is better to with-hold cortisone, repair 
the hypospadias, and accept the stunting of growth processes, for a change of 
established sex is fraught with grave psychological dangers. HAMPSON suggests 
that it is unwise to change after the age of 21/ 2 years. 

The infant witli Addisonian crises requires very careful management: 
cortisone therapy must be supplemented by the administration of DOCA 
(1-2 mgm/day) and salt (about 5 gm/day). The exact dosage must be judged 
by the regular estimation of the serum electrolytes. Fluorohydrocortisone 
produces a more rapid response in electrolyte imbalance, given in a dose of 
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0.1-0.2 mgm/day: higher doses may lead to excessive sodium retention and 
hypertension (Cox) and it is seldom a suitable drug for maintenance. 

Surgical excision of adrenal tissue, which was extensively practised before the 
introduction of cortisone (BROSTER) now has little place in therapy. Unilateral 
adrenalectomy does bring down the 17 -ketosteroid output, though there is 
usually a later rise. In one of my cases, in which cortisone alone appeared to be 
inadequate, the operation did, however, seem to be of value. 

2. Other forms of female pseudohermaphroditism 
Rarely children whose genitalia resemble those of the previous group and 

have female sex chromatin, may be found to exhibit no signs of adrenal hyper­

Fig. 151. Female pseudohermaphroditism. The external genitalia of 
a child aged 3 weeks, whose mother had received testosterone therapy 
start.ing at the twelfth week of pregnancy. The cli toris is grossly 
enlarged but the genitalia are otherwise normal. Sex chromat,in of 

the female pattern. No excess of 17 ketosteroids in the urine 

plasia. There is no exces· 
sive excretion of 17 -keto­
steroids or pregnanetriol, 
precocious development 
does not occur, the uterus 
and ovaries are normal, 
and at least some have ulti­
mately commenced men­
struation : after plastic sur­
gery COTTE'S case became 
pregnant. Usually no cause 
can be assigned for this 
abnormality, and the cases 
must be regarded as com­
parable to, though much 
less common than, the male 
pseudohermaphrodites de­
scribed in the next section. 
When the genital deformity 
is severe, great difficulty 
is encountered in diagnosis, 
and laparotomy with gona­
dal biopsy is essential. PA-
P ADATOS and KLEIN re cord 

two cases in which renal failure, and a consequent electrolyte disturbance, led 
to the suspicion of adrenal deficiency, which was later disproved . In less severe 
cases an extrinsic hormonal influence may be detected: the enlargement of the 
clitoris, illustrated in Fig. 154, occurred in a child whose mother had received 
large doses of methyl testosterone from the 12th week of pregnancy in order to 
prevent abortion, and several other examples of this association of events are on 
re cord (HAYLES and NOLAN, ZANDER and MÜLLER). A similar appearance has 
been observed in the child born of a woman suffering from arrhenoblastoma 
(BRENTNALL). The follow-up of these infants is not on record, but there seems 
little reason to doubt that, apart from the anatomical deformity, development 
will be normally feminine. 

In a different category are the female pseudohermaphrodites with genital 
passages of the arrangement shown in Fig. 155, and usually with urinary 
obstruction. A minute penis is present, with a terminal meatus, indistinguishable 
from the organ illustrated in Fig. 140, but testicles cannot be palpated. In a 
specimen of this type preserved in the museum of the Royal College of Surgeons, 
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London, the bladder was heavily trabcculated with two large diverticula (see 
WILLIAMS). A minute vaginal opening may be found in the perineum, and there 
may be some communication between the vagina and urethra (HOWARD and 
HINMAN, BROSTER). The sex chromatin is female, the uterus and ovaries normal. 
These cases are likely to have been reared as boys, yet satisfactory relief of urinary 
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];'ig. 155. Diagram to show thc arrangement of the genital and urinary passages in the type of female pseudo­
hermaphroditism with micropenis and urinary obstruction 

obstruction may demand a perineal opening for the urethra, and a change of 
role may be desirable. 

III. Male pseudohermaphroditism 

The male pseudohermaphrodite has testicles, but incomplete masculine 
development of the external genitalia, often accompanied by Müllerian duct 
differentiation. There is no clear distinction between male pseudohermaphroditism 
and simple hypospadias of severe degree. 

1. Male pseudohermaphrodites with external genitalia 01 equivocal 
sexuality 

In this group there is a wide variation in anatomy, and though a familial 
incidence is sometimes recorded it is not common. A severe degree of hypospadias 
is always present, and this together with a small penis may be the only abnormality 
(Fig. 156): the testicles in such a case may be simply overlooked at birth, although 
they descend fully into the labio-scrotal folds. In other case, there is a develop­
ment of the Müllerian duct system along female lines: a vagina may open into 
the urethra, or may be evident in the "vulva", it may be short and blind or of 
normal length, though it is seldom so capacious or so supple as in thc female . 
It often leads up to a sm all and eccentric uterus. Both Fallopian tubes and vasa 
deferentia may be present, and the testicles may lie on the broad ligament, on 
the posterior abdominal wall, or in the inguinal region. Occasionally only one 
testicle can be found. 

At birth the external genitalia are often indistinguishable from those of the 
female pseudohermaphrodite or the true hermaphrodite, and the diagnosis can 
only be made clinically when both testicles are definitely feIt in the Iabio-scrotal 
folds. Growth proceeds normally throughout childhood, and male pubertal 
changes will occur at the usual age 11nles8 there is a severe degree of hypo­
gonadism. Periodic uterine haemorrhage is not observed but intermittent and 
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irregular bleeding is sometimes a feature: in one of my cases a male pseudo. 
hermaphrodite developed a severe haematocolpos shortly after birth. 

The psychological orientation depends largely upon the diagnosis which is 
made at birth and the mode of upbringing : when the child is recognized as a 
male, development is normal; when he is put in the female category there are 
three possible effects. Most accept their role, but, being conscious of some anatomi· 
cal and physiological abnormality, avoid any intimate contacts. A few develop 
a voracious sexual appetite which is denied satisfaction by their deformity. 

Fig. 156. Male pseudohermaphrodite. Child. aged 2'/, ycars with small 
penis. perineal hypospadias and no palpable gonads. Two testicles 

were present within t.hc abdomen 

Others again, in later child· 
hood or adolescence, have 
such a markedly masculine 
outlook that a change of 
role becomes inevitable. 

A diagnosis of male 
pseudohermaphroditism 

can be made with certainty 
in a child with genitalia of 
equivocal sexuality, when 
both testicles are palpable, 
when urethroscopy shows 
anormal verumontanum, 
when the sex chromatin is 
male in pattern, and when 
the 17 ·ketosteroid excretion 
is normal. In the more com· 
plex cases the differential 
diagnosis from true herma· 
phroditism presents great 
difficulties, and if a vagina 
and uterus is present, it 
will be necessary to proceed 
to gonadal biopsy in order 
to establish thefacts beyond 
doubt. In an infant with 

a large phallus, whose external appearance indicates that he is best suited for the 
male role, this confirmatory biopsy may be postponed until the time of the 
hypospadias repair, for even if ovarian tissue is found, it will need to be excised. 

As in other varieties of pseudohermaphroditism the management will depend 
upon the circumstances in which the child is brought up. In a new born infant 
sent for diagnosis of sex, the male role is usually advisable unless the phallus is 
so minute that no adequate penis could be constructed. In a child recognized as 
male, plastic surgery is required, and at the same time that hypospadias repair 
is completed, it is wise to perform a hysterectomy and colpectomy. This prevents 
the accumulation of secretions in what amounts to a urethral diverticulum, and 
obviates the danger that later slight haemorrhage will raise once more doubts as 
to the sex of the individual. In a child raised as a girl it is difficult to lay down 
definite rules. For the adolescent who is weH adapted to the female role, there 
should be no question of a change, and any child with a minute phallus is better 
left as a girl, since no satisfactory male sex life would be possible. Castration and 
oestrogen therapy are then advisable. A change is inevitable in a few cases, when 
the outlook and appearance of the genitalia are strongly masculine. 
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Some male pseudohermaphrodites have normal external genitalia exeept for 
an undeseended testicle on one or both sides, yet operation reveals a well developed 
muscular uterus, perhaps with Fallopian tubes reaching down to the testicles 
(NILSON, KOZOLL, KEEN and DE VILLIERS) . The only treatment required in these 
eases is hystereetomy eombined with orehidopexy. 

Pseudohermaphroditism is not infrequently found in infants with multiple 
eongenital abnormalities, espeeially those involving the cloaea (p. 95). 

2. Male pseudohermaphrodites with purely feminine external genitalia 
These eases, whieh form a weIl defined group, have been variously elassified 

under the heading of "Adenoma tubulare type" and "Testieular feminization" 
(MORRIS). Neitherterm is satis­
faetory, however, sinee the 
first deseribes an oeeasional 
and unimportant feature of 
the testieular histology, while 
the seeond makes an entirely 
unjustifiable assumption as 
to the nature of the disease. 
Affeeted individuals exhibit 
external genitalia of normally 
feminine appearance (Fig.157) 
and the general bodily form 
is also of the female type. The 
vagina is short, however, and 
ends immediately above the 
hymen in a small mass of 

Fig. 157. Male pseudohermaphrodite with purely feminine external genitalia. Child age 1 year examined for 
a mass in the groin, which proved to be a testicle. Anatomy of the ge[lital passages shown in the inset diagram 

fibrous tissue, perhaps representing the uterus, from whieh spring vasa deferentia. 
Testieles, of normal appearanee in ehildhood, lie just within the abdomen, in the 
inguinal eanal, or the labio-serotal folds . Growth is normal throughout ehildhood, 
and eases only present at this stage with suspeeted hernia . After puberty, the 
pubie and axillary hair is found to be seanty or absent; breast development 
oeeurs but is less than normal and there is amenorrhoea. The testicles undergo 
the eharaeteristie ehanges seen in the undeseended organs, and some show small 
tubular adenomata. The emotional orientation is female, and many of these 
individuals have entered marriage, though intereourse is unsatisfaetory for 
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physical reasons. A high familial incidence is recorded in this condition; in some 
families all the male offspring have been affected (MrsHELL, SEGAL and NELsoN). 

The sex chromatin is usually reported as of the ordinary male pattern, though 
DAN ON and SACHS have maintained that examination of the epithelial cell nuclei 
suggests an XXY formation. They thus believe that the condition has a genetic 
basis, due perhaps to the presence of an XXX formation in the mother 01' of 
a failure of the normal reduction division in the maternaIova. Examination 
of the chromatin pattern in the polymorphs in my own cases by Dr. I. A. B. 
CATHIE does not appeal' to support this view. SEGAL and NELsoN accept that 
the sex chromatin is of the XY pattern, and suggest that a maternal anti-testis 
factor may be at work during foetal life, preventing the normal development 
of the genital passages. The levels of hormone excretion are reported to be 
within the normal limits in most cases (STERN and VANDERVORT), despite the 
suggestion that the testicle might be responsible for an unusual output of 
oestrogen (MORRIS). HEALEYand GUY record a case dying at the age of 26 years 
with hypertension and considerable enlargement of both adrenals, while PRADER 
and GURTNER investigated an infant with this anatomy who died of an Addisonian 
crisis at the age of 6 weeks. The adrenals were hyperplastic but the output of 
17 -Ketosteroid was normal. These cases are exceptional but deserve attention. 

Diagnosis in childhood is made from the observation of the gonads in the 
groin, the short vagina and the male sex chromatin. The last two facts will 
distinguish them from cases of prolapse of the ovaries into hernial sacs. 

All these children are brought up as girls, and there is no indication for changing 
their sex. The testicles are often a little painful and are a source of embarrassment 
in later life: it is likely that orchidectomy will be undertaken sooner 01' later, 
and provided oestrogen therapy is commenced at puberty, there is little to be 
lost by removing these te stieles early, before the child has any idea of their 
signifi cance. 

IV. True hermaphroditism 

Individuals in this category are comparatively rare, yet the number of 
reported cases increases steadily, and no less than five have come under my care. 
A fuH description was given by Y OUNG in 1937, based on the 20 cases reported 
at that time, and in spite of numerous subsequent papers very little addition 
has since been made to our knowledge of the condition. 

1. Anatomy 
In the true hermaphrodite both ovarian and testicular tissue is present, and 

at puberty there is evidence of both male and female development. The gonads 
may appeal' as typical ovaries 01' testicles, perhaps one on either side, perhaps 
both forms on the same side. In many cases an ovotestis is found, a body which 
is ovarian at one end and testicular at the other. The distinction between the 
two parts is usually evident to the naked eye, but in some the dual nature is only 
discovered on histological examination. In the mature ovaries there are Graafian 
follicles and corpora lutea, so that ova are probably released normally, but 
sometimes atrophie tissue is found containing only stromal elements. There is 
no known instance of pregnancy in a true hermaphrodite. In the testicles, sper­
matogenesis is occasionally complete and live spermatozoa in the ejaculate have 
been observed: paternity was presumed in GREENE and MATTHEWS case. Often, 
however, the testicle is retained within the abdomen and sclerotic. 
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The anatomy of the genital passages is extremely variable. A phallus of 
moderate size is the rule, and a urethra usually opens in a hypospadiac position 
(Fig. 158), but a complete penis with a terminal urethral meatus, or a female 
type of urethra opening into the vulva mayaIso occur. A uterus is almost always 
present, though it is often eccentric or bicornuate. A vagina will certainly be 
found if it is sought; it may open into the urethra at or below the level of the 
verumontanum, it may open nor-
mally in the vulva, or through a 
small meatus in the skin of the 
perineum. 

A scrotum, complete or bifid 
is often found, and a testicle or 
ovotestis may descend fully into 
it, even though accompanied by a 
Fallopian tube. An ovary, however, 
exhibits no tendency to descend 
into the scrotum, and no true 
hermaphrodite is on record with 
two fully descended gonads. 

The sex chromatin may be either 
of the male or female pattern 
(BARR), but anomalous results may 
be obtained in performing this in­
vestigation. Hormone excretion 
studies have not produced any 
useful information. 

2. Clinical features 

Growth proceeds normally in 
childhood, but a confusion of signs 
appears in puberty. Breast deve­
lopment reaches normal female 
proportions, and periodic uterine 
bleedingcommencesat 12- 14years 
of age: where the vagina opens into 

Fig. 158. True hermaphrodite. Child aged 2 months brought 
up for determination of sex. Sex chromatin estimation in 
the polymorphs give equivocal results. F.ndoscopy showed a 
weil formed vagina and cervix. At laparotomy, the uterus 

and FaJlopian tubes appeared normal: a weil developed 
testiele was present on the right side, where there was an 
inguinal hernla ; an a trophie ovary lay beneath the left tube 

the urethra, this bleeding is often interpreted as haematuria. At the same time, 
the phallus enlarges, hair appears on the face, and the voice breaks. The psycho­
logical orientation of the true hermaphrodite depends very largely upon the 
upbringing, and therefore follows the parents' initial decision as to the sex based 
upon the general form of the genitalia. The pubertal developments naturally 
lead to a serious emotional disturbance, though very few have been bivalent 
in their sexual relations. It is clearly desirable that the diagnosis should be made 
during childhood, so that removal of the gonad inappropriate to the sexual role 
will prevent these pubertal complications. 

3. Diagnosis 

The diagnosis can only be made with certainty from biopsy of both gonads, 
a procedure which usually involves laparotomy, but in view of the importance 
of surgical treatment before puberty there should be no hesitation in taking this 
step in doubtful cases. Paediatric surgery has now reached the stage where such 
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an exploratory operation carries a risk very little greater than a simple endoscopy, 
and I am accustomed to advise laparotomy for diagnosis even in early infancy. 
The types of cases which require investigation are: 

a) Children with genitalia of equivocal sexuality, in whom a vagina is 
found by simple examination or endoscopy, and whose sex chromatin pattern 
is male. When the genitalia are predominantly masculine, and it is certain the 
child must be reared as a boy, laparotomy may be postponed until the time of 
hypospadias repair. 

b) Children with genitalia of equivocal sexuality whose sex chromatin pattern 
is female, yet who do not excrete an excess of 17-ketosteroids or pregnanetriol. 

c) Children with micropenis and no palpable gonads, whether the sex chromatin 
is male or female. 

In taking the biopsy a longitudinal strip should be removed from the fuIl 
length of every gonad found. 

4. Management 
In an infant brought for diagnosis of sex, the choice of role will depend upon 

the appearance of the external genitalia: this is more often male than female. 
In an older child, there should be no attempt to change the role unless it is 
obviously at variance with the child's inclinations and appearance. In the 
"males", ovarian tissue should be excised and the utcrus and tubes removed. 
Repair of hypospadias and, when practical, orchidopexy may foIlow. Late cases 
also require mastectomy. In the "females", orchidectomy, clitoridectomy and 
plastic enlargement of the vaginal orifice are indicated. As in aIl intersex states, 
it is essential that parents should have confidence that foIlowing treatment there 
is no longer any question of the child being half one thing or half the other: he 
or she must be aIlowed to live an entirely normal life in the chosen role, un­
hampercd by any sense of deformity. 

V. The practical approach to intersex 

Deformities of the external genitalia which throw doubt upon the true sex of 
the child constitute an important problem confronting the paediatric urologist: 
cases are relatively common, and important decisions must be taken which 
affect the whole life and happiness of the child. In the past, and sometimes 
even more recently, great misery has been occasioned by indecision and inadequate 
diagnosis : parents who have been told to wait and see how the child develops are 
in astate of perpetual anxiety which is inevitably communicated to the child, 
and if a change of sexual role is advised they often find it necessary to give up 
aIl their friends and move to apart of the world where the family was previously 
unknown. Not only is such temporizing disastrous to the emotional balance of 
aIl concerned, but it Is also apt to be inconclusive since the majority of cases the 
sexual orientation depends upon the upbringing and therefore upon the initial 
decision. Exceptions to this rule certainly occur, as has been noted in the previous 
discussion, and they reinforce the view that an accurate diagnosis must be made 
in infancy. It cannot of course be predicted with certainty that an infant correctly 
assigned to a male or female role will not ultimately develop homo sexual tenden· 
eies, but an anatomically normal infant is in no better position from this view­
point, and clinical histories leave little doubt that thc emotional problems of 
the intersex cases are due chiefly to unresolved doubts and to a sense of deformity 
which could have been avoided by early diagnosis and treatment. Transvestists, 
individuals anatomicaIly and physiologically normal in one sex, yet convinced 
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that they should properly belong to the other, cannot be diagnosed in childhood 
and are outside the scope of this discussion. 

Early and complete diagnosis is therefore essential, and obstetricians and 
paediatricians bear the primary responsibility. The preceding discussion makes 
it clear that the diagnostic problem is seldom a simple one, and even the most 
experienced observer would not be justified in making a pronouncement simply 
on the appearance of the external genitalia. Full investigation must therefore be 
undertaken before the infant is named or the birth registered. The following 
routine is suggested for the infant born with genitalia of equivocal sexuality. 

l. Careful clinical examination should be made particularly with a view to 
determining the presence of gonads in the groin or labio·scrotal folds. If two 
testicles are definitely palpable, the problem is settled immediately. 

2. A 24-hour specimen of urine should be collected for the estimation of the 
17 ·ketosteroid output. Collection may be made on a metabolie bed, or by an 
indwelling urethral catheter: the latter is simpler and safe if sulphonamide cover 
is provided. A raised 17-ketosteroid level will place the infant in a category of 
female pseudohermphroditism with adrenal cortical hyperplasia, and further 
management may follow the lines of those suggested on p. 279. 

3. The sex chromatin pattern should be assessed either from the leucocytes 
or epithelial cells, depending upon the experience of the pathologist available. 

4. Provided there is no evidence of adrenal disorder, an endoscopic exami· 
nation under anaesthetic should be made to determine the precise anatomy. 

A child with male sex chromatin and anormal verumontanum may be placed 
in the male pseudohermaphrodite category. A child with female sex chromatin 
and no anatomical abnormality other than simple enlargement of the clitoris 
may be placed in the non·adrenal female pseudohermaphrodite group. A child 
who has a large phallus, prominent labio·scrotal folds with perhaps one gonad 
palpable, but has also a vagina evident externally or on urethroscopy, requires 
laparotomy and biopsy of gonads in order to settle the diagnosis. 

Once the diagnosis has been reached and adecision made as to the management, 
the parents must be given to understand that the child is either a boy or a girl, 
who may perhaps require treatment or operation, but who must be treated as 
a normally sexed individual. The intersex factor should not be stressed, for 
popular journalism has led many parents to expect the most extraordinary 
behaviour from intersex cases. Where, as in the male pseudohermaphrodite with 
purely feminine external genitalia, it is inevitable that the gender role should 
be at variance with the nature of the gonad, only weIl balanced and intelligent 
parents should be informed of the true facts, otherwise the strain of bringing up 
as a girl a child known to have testicles may be too great. It may be sufficient 
simply to say that the girl has no womb and will not menstruate or bear children. 

VI. Gonadal agenesis 

Hypogonadism in the female is not a problem of childhood, and lies entirely 
outside the scope of this volume; there is, however, a syndrome in which 
individuals of apparently female sex exhibit a total gonadal agenesis, and this 
diagnosis has usually to be made during the early years of life. 

Failure of gonadal development is found in association with a normally 
formed, though infantile uterus and Fallopian tubes; the gonads are represented 
by narrow ribbon like structures lying in the normal ovarian position, and 
showing on microscopy tissue resembling ovarian stroma with or without cells 
having some likeness to the Leydig cells of anormal testis. The affected children 
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also manifest the signs of "Turner's Syndrome" having webbing of the neck 
and sometimes of the other joints, cubitus valgus, shortened fourth and fifth 
fingers, and generally stunted growth. The external genitalia are poorly developed, 
the nipples small and often inverted. coarctation of the aorta is a common com­
plication, and renal abnormalities, particularly horse-shoe kidney may be found. 

These features may all be noticed in childhood: in adult life the sexual infanti­
lism, absence of menstruation and breaRt development are the chief complaints. 
The condition was originally regarded as ovarian agenesis, aIthough coarctation 
of the aorta, which is a common complication, is a disorder affecting males much 
more frequently than females. Study of the chromosomal sex of theese patients 
(POLANI et al. , GRUMBACH et al., RUSSELL et al.) has now established that sex 
chromatin is absent in the skin nuclei, and in the lencocytes,of the majority. 
SEGAL and NELSON find in a male chromatin pattern predominates over the 
female in a ratio of 5: lover a large series. This finding implies that most 
subjects are denetic males, and that the failure of development of the gonad has 
allowed differentiation of the genitalia to occur along female lines. In this 
connection, the experimental work of JOST may be recalIed; when the gonads 
were removed from embryo rabbits at any early stage, the subsequent develop­
ment was invariably feminine, whatever their genetic sex. It appears that 
gonadal rather than ovarian agenesis is the better description of this condition, 
although some genetic females may suHer the same changes, which are nsually 
ascribed to a primary failure of the germ cells. 

It should be noted that aIthongh the webbing is characteristic of gonadal 
agenesis, it mayaiso occur in females with normal genital function, and rarely 
in males. 

The diagnosis may be made from the association of TURNER'S syndrome with 
a male chromosomal sex, and laparotomy is not required; the only genital 
disorder which simulates it is male pseudohermaphroditism with purely feminine 
external genitalia (p.283) but in the latter condition no true uterus is present, 
and the webbing syndrome does not occur. 

Plastic surgery may be required for the correction of webbing. In adolescence, 
some feminization may be obtained from the administration of oestrogens. 

VII. Hypogonadism in the male 

Since the hormones derived from the testicles have little influence on post­
natal development until after puberty, the serious effects of male hypogonadism 
are not evident untillater adolescence or adult life. The causative lesions, however, 
are often congenital or have their origin dnring childhood; cryptorchidism and 
other congenital abnormalities are likely to come to notice during the early 
years, and aIthough normal puberty may not be complete until 16 or 17 years, 
yet the abnormal developments associated with hypogonadism, such as gynaeco­
mastia, frequently make their appearance from the age of 10 onwards. These 
early manifestations may enable eHective treatment to be nndertaken and for 
ihis reason a brief review of the hypogonad syndromes is included in this volume. 

Many classifications of male hypogonadism have been published, and though 
the natural complexity of the problem has so far defied a simple analysis, the 
schemes devised by HELLER and NELSON, and by ALBERT et al. , are the best 
known and most widely accepted. The former authors rely primarily upon the 
presence or absence of pituitary disease, and upon measurement of the excretion 
of gonadotropic hormones; the latter upon the histology of the testicle as seen 
in biopsy spccimens. The two schemes have, however, a great deal in common. 
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1. Pituitary deficiency 

The pituitary defect may be general 01' specific: where many functions fail 
during childhood, sexual infantilism is only one aspect of the complex problem 
of pituitary dwarfism. The individual remains child-like in aH the bodily pro­
portions, and growth is considerably retarded; obesity is seldom a feature though 
it may occur. Fröhlich's syndrome, usuaHy resulting from a supraseHar tumour, 
is a form of generalized pituitary failure, but there has been a considerable 
misuse of the term; it is often applieel to obese 
chilelren, whose growth is more rapiel than the 
normal although sexual development may be 
rlelayeel (see BRUCH). It has been emphasized 
by BAUER that hypotha.lamic lesions, parti­
cularly those affecting the tubero-infunelibular 
region may cause hypogonaelism, but that 
other evidence of a neurological elisorder will 
be found; for instance there may be diabet.es 
insipidus, hyperthermia, 01' somnolence, as weH 
as eye signs. 

A specific failure of the gonaelotropic func­
tion of the pituitary will lead to the so-called 
"idiopathic eunuchoidism". The testicles 
themselves are normal, but in the absence of 
stimulation retain the histological pattern of 
the child, with absence of Leydig-cells and 
immature tubules. The absence of androgens 
results in elelayed closure of the epiphyses, 
anel therefore in the typical elongated limbs 
of the "eunuchoid habitus". Clinically it will 
be noticed that the genitalia appear infantile, 
and there is little growth of pubic or facial 
hair. Some obesity is not uncommon, and a 
few adolescents show a considerable deposition 
of fat in thc breast area giving the appearance 
of gynaecomastia. Gonadotropic hormones are 
absent from the urine of these eunuchs after 
the age of normal puberty and 17 -ketosteroid 
excretion is very low. If facilities for hormone 
estimation are not available, the diagnosis of 

Fig. 159. Hypogonadism with congenital 
hypoplasia of testic!es. Boy aged 13 with 
a small penis and excessive deposition of fat 
in the breast area, there is no true breast 
deve!opment. Serotal exploration revealed 

two minute testide. 

pituitary failure may be made from the effect of administration of gonadotropic 
hormones (e.g. Pregnyl, 500 units twice weekly for 6 to 8 weeks): testicular 
development and subsequently growth of the penis and pubic hair will be ob­
served. This measure may be continued as treatment, and in some cases, the 
natural function may recover or at least be adequate to maintain masculinity. 
In other cases it may be wiser to change over to testosterone for maintenance 
since this drug can be given orally instead of by injection. 

In a few instances it appears that the pituitary defect is confined to the 
excretion of luteinizing hormone (L.H.) which normally stimulates the interstitial 
ceHs. In these circumstances androgens are not produced in adequate amounts, 
and the eunuchoid appearance may result, yet the spermatic tubules are still 
capable of function anel may produce spermatozoa (fertile eunuchs). 

Handbuch der Urologie, Bd. XV 19 
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2. Testicular deficiency 
Where pituitary function is normal, hypogonadism is due to a testicular 

failure, associated sometimes with an evident causative lesion (Fig. 159) such 
as congenital anorchia, cryptorchidism, orchitis or trauma, but also at times 

Fig. 160. Hypogonadism of 
the Klinefelter type. Boy 
aged 15 years with four 
years his tory of enlarge­
ment of the breasts . Eunu­
choid proportions. Penis 
wellformed with pubic hair 
plentiful. Testicles small 
and firm: biopsy shows 
poorly formed spermatic 
tubules, and a large masses 
of Leydig cells. Androgenic 
excretion normal, gonado­
tropin excretion raised . Po­
lymorphs show the femaJe 
pattern of sex chromatin 

"idiopathic". The specific testicular disorders which may 
be encountered are discussed in Section N. Testicular 
biopsies will show lesions of both tubules and interstitial 
ceHs, but an endocrine disturbance is naturally only a 
complication when the lesions are bilateral. On ce again 
the absence of androgens will lead to eunuchoid pro­
portions and infantile genitalia, but the urinary excretion 
of gonadotropins will be comparatively high, and no im­
provement will result from the administration of Pregnyl 
or other gonadotropic substance. In this "surgical" group 
it is usuaHy possible to start substitution therapy at 
approximately the normal age of puberty: at 13 years 
oral methyl testosterone may be started in doses of about 
5 mgm a day, it should be increased very slowly, but large 
doses are seldom necessary or desirable. Subcutaneous 
implantation of 100 mgm tablets is an alternative method, 
but must be repeated every 3 to 6 months, and treatment 
may need to be continued indefinitely. 

3. Klinefelter's syndrome 
It has been customary to include the Klinefelter syn­

drome (KLINEFELTER, RIEFENSTEIN and Ar.BRIGHT) under 
the heading of hypogonadism, though recent work seems 
to indicate that the defect is more fundamental. In this 
syndrome a weH marked gynaecomastia is a prominent 
feature, eunuchoid proportions are usual, but the penis is 
often normal in size and pubic hair plentiful (Fig. 160). 
The testes are small and firm, and on biopsy show sclerosis 
of the tuhules and considerable overgrowth of the inter­
stitial cells which are hyperplastic and clumped. Sperma­
togenesis is sometimes seen. Gonadotropic excretion 
raaches high levels, though despite the presence of so 
many interstitial ceHs the 17 -ketosteroid output is low. 
Recently it has been demonstrated (PLUNKETT and BARR, 
JACKSON et al.) that these subjects have nuclei exhibiting 
the female sex chromatin in epithelial cell nuclei, although 
there is no suggestion of the presence of ovarian tissue. 
In the polymorph nuclei there was a low incidence of 
"drum sticks" but not a complete absence as in the 
normal male. The significance of this finding is far from 
clear, though it will undoubtedly simplify the problem of 

diagnosis, and it is now possible to distinguish "true" Klinefelter's syndrome 
with female sex chromatin und a congenital testicular anomaly, from "false" 
cases with male sex chromatin and post-pubertal peri-tubular sclerosis (SEGAL 
and NELSON). Treatment of the Klinefelter syndrome may often be confined 
to mastectomy, since androgenic stimulation has produced adequate develop­
ment of the penis and pubic hair: fertility is unobtainable. 



Constitutional precocious puberty 291 

Gynaecomastia, it will be noted, may occur in some degree in many forms 
of hypogonadism, though there is seldom a development of true breast tissue. 
In the differential diagnosis true hermaphroditism (p.284) should be kept in 
mind, since in this condition breast development is to be expected at puberty, 
while on very rare occasions a feminizing adrenal tumour (p. 194) may be 
responsible for the same manifestations. 

4. Familial hypogonadism 
Many rare conditions complicated by hypogonadism are described in the 

literature, perhaps the most well known being the LA wRENcE-MooN -BIEDL 
syndrome. This is a familial disorder characterized by mental defect, 
polydactylism, retinitis pigmentosa and obesity: fully developed cases will be 
diagriosed without difficulty (see ROTH) and treatment is not required. For 
a discussion of other forms of familial hypogonadism, the paper by SOHVAL 
and SOFFER should be consulted. 

VIII. Sexual precocity 

The term precocious puberty should be confined to those cases in which 
pubertal changes occur in their natural order, and which therefore result from 
a disorder of the hypothalamus. Iso-sexual precocity mayaiso be due to an 
endocrine disorder which causes a development of secondary sex characteristics, 
but does not stimulate the normal evolution of the gonads. In the male, this 
distinction is easily made since testicular enlargement will be found in the true 
precocious puberty group, but not in other forms unless local tumour formation 
has occurred. Heterosexual precocity, usually virilism in girls, mayaiso result 
from endocrine abnormalities; the stimulation of somatic growth paralleis that 
found in iso-sexual precocity but the secondary sex characteristics are para­
doxical. 

In all forms of precocious puberty there is a general acceleration of bodily 
growth, and the children are advanced in their somatic as well as in their sexual 
development. The centres of ossification appear early, and a radiologie al esti­
mation of the bone age provides a useful measurement. Epiphyseal fusion also 
occurs prematurely, so that the children who were much bigger than their con­
temporaries in the first few years appear stunted by the age of 11 or 12, the limb 
bones being short in relation to the trunk (Fig. 153). Ey contrast mental develop­
ment is seldom advanced, and because it is difficult in conversation with these 
children to remember their chronological age, they often seem backward. Sexual 
interest is also surprisingly lacking, though behaviour disorders and even delin­
quency are common. 

1. Constitutional precocious puberty 
A precocious onset of puberty for which no cause can be found is more common 

in girls than in boys (Fig. 161). The evolution of pubertal changes is unusually 
rapid, but does not depart from the normal course: breast development is the 
first sign, pubic hair then appears, and menstruation follows. Often there is 
some white vaginal dis charge before the bleeding starts. Precocious puberty 
may occur at any stage in childhood; JOLLY reviews the subject fully and finds 
that the earliest recorded onset of uterine bleeding was at six months, but in 

19* 
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A 

B 
Fig. 161 A and B. Constitutional precocious puberty. Girl aged 
7 years with vaginal bleeding, hypertrophy of the labia, breast 
development and pigmentation of the nipples. No cause found 

the majority regular men­
st.ruation does not begin until 
much later. Ovulat.ion pro­
bably starts many months or 
years after menstruation, but 
the Peruvian child described 
by ESCOMEL gave birth to an 
infant at the age of 5 years 
and 8 months. 

Oestrogen excretion in con­
stitutional precocity is only 
slightly raised until a regular 
menstrual cycle is established 
when levels will reach those 
occuring at normal puberty. 
The prognosis is good provided 
the child can be steered through 
the psychological hazards of 
the abnormality: fertility is 
unimpaired, and as far as can 
be gathered from the scanty 
records, the menopause comes 
at anormal age, or is even 
somewhat delayed. The only 
permanent physical handicap 
is the short stature which 
results from the early fusion 
of epiphyses. No medical or 
surgical treatment should be 
given, but the parents must 
be advised in the handling of 
the emotional problems. 

Apart from true precocious 
puberty isolated development 
of some of the secondary 
sexual characteristics may be 
seen in young girls without 
other evidence of disease. Thus 
breast hypertrophy may ap­
pear many years before the 
normal age, unaccompanied 
by any acceleration of somatic 
growth or by any changes 
in the genital organs. Alter­
natively pubic hair and labial 
hypertrophy may be the only 
signs of precocity. In both 
instances the prognosis is en­
tirely favourable and normal 
development follows at the 
usual age. 

In the rare male ca ses of constitutional precocity bilateral testicular enlar­
gement precedes the other developments, and the 17 -ketosteroid output shows 
only a slight rise. 
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2. Precocity due to hypothalamic lesions 
Precocious puberty may result from cerebral lesions of various types: the 

lesions have in common an effect upon the posterior hypothalamus, and WEIN­
BERGER and GRANT postulate that they remove an inhibitory iniluence which 
is normally exerted from this area upon the pituitary gland. They thus promote 
the secretion of gonadotropic hormones, and set in motion the changes of normal 
puberty. 

A cerebral tumour arising in the hypothalamic region apart from causing 
precocity is likely to produce neurological signs fairly rapidly: particularly there 
is likely to be interference with the visual mechanisms. Most of the tumours are 
inoperable and though the rate of growth is variable, they are ultimately fatal. 
Precocity has also resulted from benign lesions such as hydrocephalus, tuberose 
sclerosis, tuberculous meningo-encephalitis and congenital defects: the various 
causes are reviewed by JOLLY and by Wn,KINs. 

3. Albright's syndrome 
Precocious puberty is a feature of Albright's syndrome, a disorder much 

more frequently recorded in girls than in boys. Arecent review of the topic, 
with a list of earlier references is given by ARLIEN-SflBERG and IVERSEN. Bone 
changes (poly-ostotic fibrous dysplasia) are the most serious causes of disability 
in this syndrome, causing pain, limp and fractures. RadiologicaHy there are 
cyst-like areas of lessened density in the long bones, and dense formations in 
some areas such as the base of the skull. The bone changes may be the only 
signs of the disease, and even in the absence of sexual manifestations skeletal 
precocity is always found when the disease is recognized in childhood (FALCONER 
and COPE). Patchy pigmentation of the skin is characteristic; the cafe-au-Iait 
pigmented areas are not elevated, they are weIl defined, with very irregular 
edges, and occur predominantly on the side of the bone lesions. They appear 
between 4 months and two years of age. The sexual precocity appears to be of 
central origin, but the cause of the condition remains obscure. Menstruation 
has occurred as early as 8 weeks in some cases, though it may cease for a time 
later in childhood: normal fertility has been reported in at least one case. 

4. Iso-sexual precocity in the male 
Adrenal cortical hyperplasia, equivalent to the disorder found in the female 

pseudohermaphrodite, is the most common cause of precocious development 
in the male child, but the action of the hormone is upon the secondary sex 
characteristics, and therefore spermatogenesis will not occur. The biochemical 
abnormality is precisely as described on p. 278, the excretion of 17 -ketosteroids 
and of pregnanetrol is raised, and Addisonian crises, with salt loss and hyper­
kaliaema, are common in infancy. The male disorder is not so often diagnosed 
as the female pseudohermaphroditism, since its manifestations are not so striking, 
but it has been undoubtedly responsible for many unexplained infant deaths in 
the past. 

Tbe external genitalia may not be noticeably enlarged at birth, and curiously 
enough a mild degree of hypospadias has been seen in some. During the first 
year, or sometimes later, there is the characteristic acceleration of somatic growth, 
development of pubic hair and enlargement of the penis. The testicles are usually 
small, being normal for the child's age, but a case is on record in which bilateral 
test.iClIlar enlargement resulted from infiltration of the testes by ceHs resembling 
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those of the hyperplastic adrenal cortex (GARDNER et al.). In mild cases, the 
precocity causes the child no inconvenience, and the only permanent handicap 
is the short stature which results from the premature fusion of the epiphyses. 

The treatment of early cases, particularly when there are Addisonian signs, 
is the administration of cortisone, as in female pseudohermaphroditism. This 

treatment should be continued until growth 
is complete, and may then cease. Mild cases 
seen later in childhood when the bone age is 
already advanced do not require cortisone. 

Adrenal cortical tumours (p. ] 92) (Fig. 162), 
cause a similar type of precocity; the 17 -keto­
steroid excretion is raised, but the pregnanetriol 
is normal since the disorder is not a failure 
of the normal synthesis of hydrocortisone. 
Cortisone treatment will not be followed by 
any consistent fall in the 17 -ketosteroid output, 
as it is in hyperplasia. The penis is large, the 
testicles small. A mass may be palpable high 
in the loin, the renal shadow is displaced down­
wards in the pyelogram and air insufflation 
may outline the actual tumour. 

Interstitial cell tumour of the testis (p. 204) 
causes sexual precocity; one testicle is en­
larged by tumour, the other is small, though 
bilateral cases are on record. 17 -ketosteroid 
excretion is raised, but the pregnanetriol is 
normal. 

Androgenic stimulation has also been ob­
served in a case of sacrococcygeal tumour 
(RHODEN). 

5. Iso-sexual precocity in the female 
Ovarian tumours, and very rarely adrenal 

tumours may be responsible for a high level 
oi oestrogen production, which causes iso­
sexual precocity. The changes are not strictly 
comparable to true puberty since ovulation 
does not occur, but periodic uterine bleeding 
is common. 

The granulosa cell tumour (p. 208) is the 
characteristic ovarian lesion though teratomata 
and carcinomata have the same effects on 

occasion. The reported tumours have always reached a considerable size before 
the signs of precocity have appeared, and bimanual pelvic examinations, parti­
cularly if carried out under anaesthesia, should therefore be adequate for 
diagnosis. Follicular cysts are sometimes found in the ovaries of precocious 
children, and it is difficult to decide whether these are the cause or the result of 
precocity; periods have sometimes ceased after unilateral oophorectomy (KIMMEL) 

but have often recommenced long before the normal age, and breast develop­
ment may not regress at all. If therefore a small ovarian cyst is found at 
laparotomy it seems better to perform a biopsy rather than a radical excision. 

Fig.162. Adrenal eortieal tumour. Boyaged 
2 years withreeent enlargement of the penis, 
growth of pubic hair, and aeeeieration of 
skeletal development. Mass palpable in the 
right upper quadrant of abdomen. Right 
adrenaleetomy with subsequent regression 
of signs. The tumour was encapsulated but 

histologieally malignant. No reeurrenee 
after 4 years 



Referenees 295 

Adrenal tumours (p. 195) very seldom produce simple iso-sexual precocity, and 
those which have caused apremature onset of menstruation have usually caused 
also viriJism or signs of Cushing's syndrome. In a11 adrenal cases the 17 -keto­
steroid, as weH as the oestrogen output, is raised. 

Sexual precocity may result from the use of synthetic oestrogens : this has 
been seen during the course of treatment of various condit.ions (JOLLY) but 
also when the child has had access to stilboestrol tablets prescribed for elderly 
relatives. 

The approach to the problem of precocity in the female may be summarized as 
folIows: apart from the routine clinical assessment, abimanual pelvic examination 
under anaesthetic and a careful neurological investigation including if necessary 
air studies are important. The urinary output of 17 -ketosteroids and of oestrogens 
should be estimated. H all these investigations are negative a constitutional 
precocity should be diagnosed and no medical or surgical treatment given. 

6. Heterosexual precocity in the male 
A stimulation of growth processes accompanie4 by gynaecomastia, and due 

to adrenal cortical tumour has been reported by WILKINS. Gynaecomastia 
mayaiso result from interstitial cell tumour and gonadal stromal- cell tumour 
(androblastoma) of the testicle. It is seen at puberty in Klinefelter's syndrome 
and in true hermaphroditism. 

7. Heterosexual precocity in the female 
Adrenal cortical tumours are the usual cause of a post-natal onset of virilism 

in a girl: hyperplasia is very seldom responsible at this stage. The diagnosis of 
the tumours has already been discussed. 

Arrhenoblastoma is exceptionally rare in' children, but has been recorded by 
FLANNERY in a 13 year old girl. 
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