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Part I

Surgery in Solitary Kidney



Value of Ultrasound in the Treatment
of Solitary Kidneys in Infancy and Childhood

H.-J.Beyer!, V. Hofmann?, and D. Brettschneider?

Summary

Every second patient with a solitary kidney suffers from renal disease. This ac-
cumulation of renal diseases of varying origin makes special care for these chil-
dren necessary.

The quality of diagnostic methods is decisive for the choice of therapy. The ad-
vantages of primary ultrasound diagnosis and sonographical function tests are de-
scribed. Sonographical differentiation of disturbances of the urinary transport is
possible by means of forced-diuresis ultrasonography, whereas a vesico-ureteral
reflux can be detected by means of voiding sonocystography.

The value of ultrasound for primary diagnosis, assessment of therapeutic
course and postoperative long-term follow-up is discussed.

Zusammenfassung

Jeder zweite Patient mit einer Einzelniere ist nierenkrank. Die Héufung von Er-
krankungen unterschiedlicher Genese ist Ursache der besonderen Sorge um diese
Kinder.

Die Qualitit der diagnostischen Methoden ist entscheidend bei der Wahi der
Therapie. Es werden die Vorziige der sonographischen Primédrdiagnostik und der
sonographischen Funktionsdiagnostik dargestellt. Die sonographische Differen-
zierung von Harntransportstorungen der Einzelniere ist mit Hilfe der forcierten
Diuresesonographie moglich, wihrend der vesicoureterale Reflux mit Hilfe der
Miktions-Sonocystographie erfa3t werden kann.

Der Stellenwert der Sonographie bei der Primirdiagnostik, der Verlaufskon-
trolle und in der postoperativen Langzeitbeurteilung werden diskutiert.

Résumé

Un patient sur deux, avec un seul rein, est néphropathique. Ces enfants qui pré-
sentent le plus souvent un cumul d’affections d’étiologie diverse doivent évidem-
ment faire objet d’une attention toute particuliére.
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4 H.-J.Beyer et al.

La fiabilité des méthodes diagnostiques est d’une importance capitale pour le
choix de la démarche thérapeutique a suivre. Les auteurs font état des avantages
du diagnostique primaire et du diagnostique fonctionnel par échographie. L’écho-
graphie permet ’étude des affections des voies urinaires entravant le transport de
l'urine dans le cas d’un rein unique par diurése forcée et le reflux vésico-urétéral
peut étre mis en évidence par la cystosonographie durant la miction.

Les auteurs discutent de I'importance de I’échographie lors du diagnostic pri-
maire, du contrdle de I’évolution et du pronostic a long terme aprés intervention
chirurgicale.

Introduction

Congenital solitary kidney results from contralateral renal agenesis or aplasia,
when only one kidney develops in the embryonic stage or the development of one
kidney is disturbed, respectively. Acquired solitary kidney is caused by suspen-
sion of the function of one kidney (autonephrectomy) or by the removal of a non-
functioning kidney (nephrectomy; Hofmann and Forth 1981).

Loss or agenesis of one kidney effects a compensatory enlargement of the re-
sidual kidney. Adaptation to increased performance is achieved either by hyper-
trophy (cell enlargement of the nephrons; Brod 1964; Rockstroh and Samtleben
1974) or by hyperplasia (cell neogenesis; Brod 1964; Rockstroh and Samtleben
1974; Stojkovio et al. 1972).

Evidently, the younger the patient, the greater is his or her capability for com-
pensatory renal hypertrophy (Fida 1960; Stojkovio et al. 1972). It has also been
shown that infections of the residual organ prevent compensatory hypertrophy
(Fida 1960). There is agreement among various authors that the incidence of ne-
phrological/urological diseases is much higher in patients with congenital solitary
kidney or acquired residual kidney than in people with two kidneys (Fida 1960).
Morbidity amounts to over 40% in children (Fukala et al. 1976) and to more than
50% in adults (Rockstroh 1967).

Thus, the solitary kidney, which itself can be considered a disease, must be
given due regard. Diagnosis and the resulting treatment are of particular impor-
tance in disease of solitary kidneys. The indication for active surgical treatment or
primary conservative therapy is determined by the quality of diagnostic methods.
Two criteria are of decisive importance: (a) assessment of the morphology and (b)
assessment of the function of the solitary kidney.

This is true not only for the primary diagnosis, but also particularly for follow-
up after primary conservative or surgical therapy. As far as possible, diagnostic
procedures should be non-invasive, low or non-irradiating and highly effective
(Beyer 1985; Hofmann 1981).






Fig. 1. Stage-I DUT: slight enlargement of the renal collecting system

Fig. 2. Stage-II DUT: more pronounced enlargement of the renal collecting system

Fig. 3. Stage-III DUT: enlarged
renal collecting system with fluid-
filled renal calices
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Fig.4. Stage-IV DUT: massively enlarged pelvis with disappearance of renal calices

Fig. 5. Pronounced enlarge-
ment of the pelvis with proxi-
mally dilated ureter (x)

Fig. 6. Transverse section
through the bladder (BL)
with markedly dilated ureter
(U). (Figs. 5 and 6 correspond
to a stage-III DUT in a distal
ureteral stenosis)
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Fig.10. Three hours later; a stage-
III to -IV DUT is still present.
(Figs.7-10 correspond to an ob-
structive uropathy)

before and after voiding, since the distal ureter can be judged only when the blad-
der is full, but an objective assessment of the DUT stage is possible only when the
bladder is empty. Results of examination in subpelvic and pre- and subvesical
obstruction are very divergent. Whereas there is a very quick dilatation of the
renal collecting system with subpelvic stenoses, distal stenoses primarily effect a
dilatation of the ureter. The ureter is able to take up a relatively large volume of
fluid before a change of the pre-existing DUT occurs (Figs.7-10).

This sonographical functional test renders two essential statements possible:
(a) differentiation between obstructive and non-obstructive uropathy, and (b) de-
termination of the site of obstruction. An extended, but invasive, diagnostic meth-
od is ultrasound-guided puncture of the renal pelvis allowing antegrade pyelog-
raphy and temporary urinary drainage.

We are of the opinion that the Whitaker test is no longer indicated, since fur-
ther results cannot be expected.

Vesico-ureteral Reflux and Reflux Nephropathy

A dilatation of the intrarenal pelvis which normalizes quickly after micturition is a
sign of vesico-ureteral reflux (VUR). VUR of long duration with recurrent urinary
infections results in typical reflux nephropathy: the kidney is smaller than normal
(limited compensatory hypertrophy); the parenchyma is more echogenic and
poorly distinguishable from the surrounding tissue; there is a humpbacked renal
contour.

For diagnosis and classification of VUR we perform voiding sonocystography
(VSC; Beyer 1985; Beyer and Hofmann 1985b). Preparation and performance are
the same as for conventional micturition cystourethrography (MCU). Following
insertion of a Foley catheter and voiding of the bladder, the child is placed in a
prone position. Renal parameters are measured and documented from the back.
Thereafter, the bladder is filled with physiological salt solution; during filling, the
kidney is continuously examined via longitudinal section. If there is a sonographi-
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Fig. 11. Stage-II DUT in pelvic cal-
culus. ++, Echo-free area

cally recognizable dilatation of the renal collecting system during filling of the
bladder, the child is brought into a supine position and the distal ureter is exam-
ined ventrally. In this functional test, it is essential to assess the pelvis and distal
ureter when the bladder is empty, when it is full, and while it is being voided.

If there is already a dilatation of the renal collecting system during filling of the
bladder, a low-pressure reflux can be assumed. If this is the case only after com-
plete filling or during micturition, however, a high-pressure reflux must be pre-
sent. Finally, it must be assessed whether micturition ensues free of residual urine.
VSC allows the diagnosis of VUR combined with subvesical obstruction. The
amount of bladder contents ascending to the pelvis determines the stage of VUR.
All stage-II to -IV refluxes can be revealed by this method (Beyer 1985; Beyer and
Hofmann 1985b). If the VSC shows evidence of a stage-II reflux or higher, an
MCU is performed during the same session.

Nephrolithiasis

Diagnosis of nephrolithiasis can be made on the first attempt, if there is a calculus
with a diameter of more than 3 mm in the renal pelvis. Calculi can effect a sono-
graphically recognizable impairment of urinary flow (Fig. 11). Ureteral calculi, on
the other hand, can mostly be seen only in the proximal or distal ureter. Besides
the typical clinical picture, an obstructed pelvis or the ureter dilated proximal to
the calculus are signs of ureteral calculi (Hofmann 1981).

Cystie Solitary Kidney

This very rare entity is characterized by solitary or multiple, round, echo-free and
sharply defined areas within the parenchyma. It is difficult to decide whether
there is a connection with the renal pelvis. In uncertain cases, ultrasound-guided
puncture and filling of the “cystic” cavity can help to clarify whether a cyst is in-
deed present.
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Solitary Kidney with Tumor

Various tumours of the kidney are known in childhood. A differentiation of the
echo texture is possible by means of ultrasound. If the tumour is solid, neuroblas-
tomas and Wilms’ tumours can be distinguished since both neoplasms have a char-
acteristic echo texture (Hofmann 1981).

Solitary Kidney After Tranma

The traumatized organ is enlarged and a subcapsular haemorrhage appears as an
echo-poor area, well distinguishable from the parenchyma. The same is true for
injuries in the hilar region (Hofmann 1981).

Patients

At present we are treating 84 children with solitary kidneys on an outpatient basis.
From 1979 to 1984, 30 of these patients ranging in age from 0 to 14 years were
operated on for various urological diseases. Seventy-five percent had congenital
solitary kidneys, two of which had been diagnosed prenatally.

Table 2 shows the various entities and the order of diagnostic steps. The chil-
dren were referred to us because of failure to thrive, fever of unknown origin, uri-
nary infections or enuresis. Tentative diagnosis was made by ultrasound and veri-
fied by further diagnostic steps (Table 3).

Following surgery of the ureter or kidney in patients with solitary kidney, as-
sessment of urinary flow is of particular importance in the early postoperative
phase as well as in the long-term follow-up.

Postoperative Course Following Pyeloplasty (n = 14)

In all children with hydronephrosis due to obstruction of the ureteropelvic junc-
tion we carried out an Anderson-Hynes pyeloplasty assessing the postoperative
course sonographically in all cases. Since a transrenal splint is inserted into the
ureter during the operation, an examination of urinary drainage is useful only
after removal of the splint (i.e. on the 8th day postoperatively). The first sono-
graphical examination of urinary drainage is carried out on the 14th day post-
operatively; this is followed by monthly examinations for up to 1 year and there-
after every half year in the outpatient department.

An objective sonographical judgement of urinary drainage is possible only if
the operative report is known. It must be taken into account that the dilatation of
the renal collecting system caused by obstruction is irreversible in most cases.
Thus, this intrarenal dilatation must be considered normal postoperatively. Be-
sides the routine examination, we perform forced-diuresis sonography 1 year after
surgery to assess the postoperative results.
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Table 3. Pre- and postoperative diagnosis in paediatric surgical diseases of the solitary kidney

Disease n Primary diagnosis Treatment Postoperative
diagnosis
Stenosis of 14 1) Ultrasound Anderson-Hynes 1) Sonographic
the uretero- 2) i.v. Pyelogram pyeloplasty follow-up
pelvic junc- 3) Forced-diuresis 2) Forced-diuresis
tion sonography sonography
4) Antegrade
pyelogram
Ostial stenosis 4 1) Ultrasound Leadbetter- 1) Sonographic
2) i.v. Pyelogram Politano follow-up
3) Forced-diuresis reimplantation 2) Voiding sono-
sonography cystography
4) Voiding sono- (VSC)
cystography
(VSC)
5) Cystoscopy
VUR without 5 1) Ultrasound Leadbetter- 1) Sonographic
subvesical 2) i.v. Pyelogram Politano follow-up
obstruction 3) Voiding sono- reimplantation 2) VSC
cystography
+MCU
VUR with 5 1) Ultrasound 1) Bouginage 1) Sonographic
subvesical 2) i.v. Pyelogram 2) Leadbetter- 2) VSC
obstruction 3) VSC/MCU Politano
4) Cystoscopy reimplantation
Urolithiasis 2 1) Ultrasound Pyelolithotomy Sonographic
2) Forced-diuresis follow-up

sonography

VSC, Voiding sonocystography; MCU, micturition cystourethrography

Because of transitory obstruction, we had to establish a temporary percuta-
neous nephrostomy for urinary drainage in one of our patients.

Forced-diuresis sonography performed 1 year after surgery in all patients
showed still-delayed urinary transport but no obstruction.

Postoperative Course Following Reimplantation of the ureter into the Bladder
(n=14)

We applied the reimplantation technique of Politano and Leadbetter for patients
with a VUR or an ostial stenosis. Sonographical control of urinary drainage is car-
ried out on the 14th and 30th days following the antireflux operation, then
monthly up to 1 year and every half year thereafter in the outpatient department.
Sonographical examination includes the kidney, the ureter, and its vesical junc-
tion since obstructions occur primarily in this region.
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Our experience shows that a stage-III DUT is normal in the early postopera-
tive phase. Subsequently, the further development of the DUT is monitored.
Radiological diagnosis is indicated only if the DUT shows progression or if there
is still a stage-III DUT after 1 year.

Problems arose in children with ostial stenoses. In all cases there was kinking
of the ureter to various degrees in addition to megalo-ureter. Twice we tried pri-
mary reimplantation according to Politano and Leadbetter alone, but this was fol-
lowed by obstruction in the early postoperative phase. Urinary drainage returned
to normal slowly following temporary percutaneous nephrostomy. For this reason
we performed the reimplantation along with a protective Sober-plasty in two
other children, with good results. The Sober ureterostomy was closed 6 months
later in both cases.

We ran into similar, though minor, problems in solitary kidney patients with
stage-IV VUR (n =4). Our experience shows that the younger the patient, the
slower the urinary drainage normalizes and the higher the reflux stage is. The
question arises whether reimplantation in connection with a protective Sober
ureterostomy might also be useful in stage-IV VUR with a predamaged solitary
kidney. We have performed this in only one case, with good results.

Follow-up has revealed no stenoses so far. All 14 patients underwent control
VSC 6 months following reimplantation without any signs of reflux recurrency.

Postoperative Course Following Pyelolithotomy (n = 2)

Following pyelolithotomy, we perform frequent postoperative control sonography
in the outpatient department. Neither during the early postoperative phase nor in
the long-term follow-up have we found evidence of pathological conditions such
as residual calculi.

Discussion

The frequency of renal disease or life-threatening complications in patients with
solitary kidney makes special care for these children necessary. Obviously, we
have to revise our former opinion of an unrestricted life expectancy for such pa-
tients, as well as our tendency to often conservative treatment of diseased solitary
kidneys. Appropriate therapy is determined exclusively by the quality of diagnos-
tic methods. Diagnostic techniques hitherto in use are invasive and burdened with
radiation exposure. Moreover, follow-up examinations must be performed fre-
quently in a diseased solitary kidney. Sonography has the great advantage of al-
lowing continuous non-invasive control of the solitary kidney and the urinary
tract. The subtle morphological diagnosis makes it possible to detect even minor
norm variants (i.e. stage-I DUT, which is typically found in an ampullary pelvis).
A subtle differentiation of the parenchymal echo texture renders a distinction be-
tween acute and chronic diseases possible. However, renal function can be as-
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sessed only indirectly, requiring an i.v. pyelogram in any case. For further diag-
nosis, however, sonographical methods should be applied primarily, giving the in-
dication for invasive methods in individual cases. The sonographical function tests
described above provide a very good primary diagnosis. FDU, for instance, is an
excellent tool for the differentiation of DUT under physiological conditions and
of obstructive and non-obstructive uropathies without radiation exposure and in-
vasive techniques. The same is true for reflux diagnosis, where sonography is the
first diagnostic choice, since even a slight ascent of bladder contents to the solitary
kidney can be disclosed.

In our opinion, there are at present three main indications for sonography in
the treatment of solitary kidneys:

1. Continuous sonographical control of the solitary kidney for early detection of
pathological changes. Thereafter, individual application of sonographical
function tests. If an indication for surgery is derived from these methods,
radiological techniques must be individually applied.

2. Follow-up examinations in already diagnosed and conservatively treated dis-
eases of solitary kidneys, disclosing improvement, deterioration or unchanged
findings after a certain time.

3. Follow-up examinations following surgery of the solitary kidney or the urinary
tract, providing, in addition to an evaluation of urinary drainage, an assess-
ment of renal growth, parenchymal development and echo texture. Operative
long-term results can be verified by means of sonography. Early postoperative
complications can be detected sonographically and treated.

In our experience, prenatal ultrasound and postnatal sonographical screening pro-
vide early detection of solitary kidneys and early treatment before clinical mani-
festation of damage to the kidney. Besides the early diagnosis of pathological
changes, an extensive application of ultrasound renders possible a more individual
application of invasive methods than has been the case hitherto, thus reducing
radiation exposure of this region near the gonads. The possibility of early active
surgical intervention raises hopes for a better life expectancy of children with
solitary kidney.
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Renal Function in Single-Kidney Rats

A.P.Provoost, M. H.DeKeijzer, J. N. Wessel, and J. C. Molenaar

Summary

Can a single kidney survive for a normal life span? This is the type of question fre-
quently asked by patients and especially by parents of children who lose one kid-
ney in early childhood. Based on our wide experience with single-kidney rats, we
will try to give an answer to this question. After the removal of its counterpart,
the single remaining kidney will rapidly adapt to the new situation by a compensa-
tory increase in the glomerular filtration rate (GFR) and renal mass. This is true
not only for intact kidneys but also for damaged ones. The GFR level obtained by
damaged kidneys will be less than that of intact single kidneys, however, depend-
ing on the degree of initial damage. The GFR is stable for a certain period of time,
which is longer for intact single kidneys than for damaged kidneys and also de-
pends on the daily protein intake; after that renal function will deteriorate. This
decline in GFR is preceded by a marked increase in urinary protein excretion. Al-
though the follow-up period is not completed yet, the survival time of single intact
kidneys in rats on a normal diet is expected to be 15%-20% less than the normal
rat life span. In rats on a lifelong high protein intake the kidney survival time
drops to 40% below the normal rat life span. In rats on a moderately reduced pro-
tein intake, however, single intact kidneys may survive for a normal life span. The
situation is worse for single damaged kidneys. Depending on the severity of the
initial damage, kidney survival time will be much less than a normal life span. We
studied rats with an initial recovery to 75% of renal function. Despite this initial
recovery, the animals died of renal failure within 50% of the expected life span.
A low-protein diet prolonged the renal survival by about 12%, a high-protein diet
shortened it by the same percentage.

Zusammenfassung

Kann eine Einzelniere ein Leben lang zufriedenstellend funktionieren? Diese
Frage wird uns sehr héufig gestellt, besonders oft von den Eltern der Kinder, die
in frither Kindheit eine Niere verloren haben. Wir haben sehr viele Versuche an
Ratten mit einer Einzelniere durchgefiihrt und wir wollen versuchen, diese Frage
zu beantworten. Nach dem Entfernen einer Niere paft sich die iibriggebliebene
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Niere sehr schnell der neuen Situation an und kompensiert durch Erhéhung der
Glomerulumfiltrationsrate und der Nierenmasse. Dies trifft nicht nur bei gesun-
den Nieren, sondern auch bei geschéddigten zu. Die Glomerulumfiltrationsrate ist
jedoch niedriger bei geschidigten als bei gesunden Einzelnieren und hingt von
dem Grad der Schédigung ab. Sie bleibt eine Zeitlang unverindert (linger bei ge-
sunden Einzelnieren als bei geschidigten) und héingt auch mit der téglichen Pro-
teinzufuhr zusammen. Danach verschlechtert sich die Nierenfunktion. Der Ver-
ringerung des Glomerulumfiltrats geht eine deutliche Proteinurie voraus. Obwohl
die Versuchstiere weiterhin beobachtet werden, kann man erwarten, da3 die Le-
bensdauer der gesunden Einzelniere um 15% bis 20% kiirzer als die durchschnitt-
liche Lebenszeit der Ratte sein wird. Bei Ratten, die ihr Leben lang eine protein-
reiche Nahrung erhalten haben, bleibt die Lebensdauer der Niere sogar um 40%
unter der durchschnittlichen Lebenszeit. Bei Ratten, die eine leicht reduzierte
Proteinzufuhr erhalten haben, kann jedoch die Niere wihrend der ganzen Le-
benszeit funktionieren. Die Situation ist noch ernster bei geschiddigten Einzel-
nieren. Je nachdem, wie schwer die urspriingliche Schidigung ist, wird die Niere
nur wihrend eines Bruchteils der durchschnittlichen Lebensdauer funktionieren.
Wir haben Ratten beobachtet, die zuerst 75% der Nierenfunktion wiedererlangt
hatten und dennoch wihrend der ersten Hilfte der durchschnittlichen Lebens-
dauer starben. Eine proteinarme Diit verldngert diese Zeit um ca. 12% und eine
proteinreiche Diit verkiirzt sie entsprechend.

Résumé

Combien de temps peut-on survivre avec un seul rein? C’est une question que nos
patients nous posent fréquemment et plus souvent encore les parents des enfants
ayant perdu un rein dans leur petite enfance. Nous avons pratiqué un grand
nombre d’expériences sur des rats avec un rein unique et nous sommes en mesure
d’essayer de répondre & cette question. Nous avons constaté qu’apres 1’ablation
d’un rein, celui qui reste en place s’adapte trés rapidement 2 la nouvelle situation
qu’il compense par augmentation du taux de filtration glomérulaire et de la masse
rénale. Ceci se produit non seulement dans le cas des reins sains mais aussi dans
le cas des reins pathologiques. Il va de soi que le taux de filtration atteint par un
rein pathologique reste inférieur a celui d’un rein unique sain et dépendra de
I’ampleur de la 1ésion initiale. Le taux de filtration reste stable pendant un certain
temps (ce laps de temps étant plus long pour le rein unique sain que pour le rein
unique pathologique) et on notera que ce taux de filtration est étroitement lié a
I’apport quotidien en protéines, puis la fonction rénale ira en se détériorant. Cette
détérioration de la fonction rénale est précédée par une nette augmentation de la
protéinurie. La poursuite de I’expérience sous surveillance confirme le fait que le
rein unique des rats ayant un régime alimentaire normal continue 2 fonctionner
pendant un laps de temps inférieur de 15%-20% a la durée moyenne théorique
de la vie. Chez les rats ayant un régime hyperprotéique durant toute leur vie, la
période de fonctionnement du rein unique sera de 40% inférieure a la durée nor-
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male de la vie du rat. Chez les rats ayant un régime dans lequel on a modérément
réduit I’apport en protéines, un rein unique intact peut fonctionner durant toute
la durée de la vie moyenne théorique. La situation sera encore plus grave quand
le rein unique est pathologique. Selon la gravité de la lésion initiale, le rein ne
fonctionnera que sur une période de temps nettement inférieure a la durée
moyenne de la vie théorique. Nous avons suivi des rats présentant initialement
une récupération atteignant 75% et qui pourtant sont morts par insuffisance né-
phrétique durant la premi¢re moitié de la durée de vie théorique. Un régime
pauvre en protéines prolonge cette survie de 12% environ et un régime riche en
protéines I’écourte d’autant.

Introduction

It has long been recognized that animals as well as human beings born with a
single kidney may lead quite normal lives (for historical reviews on this subject see
Nowinsky 1969 and Peters 1979). Since the first planned unilateral nephrectomy
(UNX) in 1869, this type of operation has frequently been performed. In fact, the
whole concept of renal transplantation, as well as the use of living kidney donors,
is based on the principle that a single kidney will suffice to sustain life. Both sur-
geons and physicians have become familiar with the compensatory enlargement of
the remaining kidney. A concept was developed in the 1880s explaining the events
following the loss of renal mass, based on the idea that urine formation was a pro-
cess of renal secretion of water and solutes. According to this concept the single
remaining kidney has to secrete more water and solutes and thus has to work
harder. This concept had to be abandoned when new explanations for the forma-
tion of urine were developed around 1910 and firmly established in the 1930s.
Urine is the ultimate result of a high rate of glomerular filtration and an almost
equally high rate of tubular reabsorption of water and vital solutes. When it be-
came possible to measure the glomerular filtration rate (GFR), it was soon shown
that after UNX the GFR of the remaining kidney increased to about 70%—80%
of that of the previous two-kidney value. This compensatory hyperfiltration di-
minishes the adverse effects of UNX. A detailed review of the functional aspects
of a decrease in renal mass by Hayslett appeared in 1979. A growing body of evi-
dence suggests that the increased GFR of the remaining nephrons and the hemo-
dynamical changes involved in the compensation process may have pathological
consequences in the long run (Brenner 1985). Surgeons, especially pediatric sur-
geons and urologists, are frequently asked by patients and parents, “Can one live
with a single kidney?” and more specifically, “Can one live a normal life?” and
“Can a single kidney, intact or possibly even damaged, survive for a normal
human life span of 70-75 years?”

In the present article we review our 10-year experience with the functional
aspects of single-kidney rats. This review will include published as well as unpub-
lished data concerning intact and damaged single kidneys of either adult or young
rats, in comparison with results reported by other workers.
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For the quantification of the GFR we used a method we developed on the
basis of a publication by Layzell and Miller (1975), and which we have described
in various articles (Provoost and Molenaar 1980a; Provoost et al. 1982, 1983). It
uses the plasma clearance of chromium 51-labelled EDTA as a measure of the
GFR. In short, a known amount of *'Cr-labelled EDTA is injected intravenously.
After 60min a blood sample is drawn and the *'Cr-labelled EDTA clearance is
calculated with a formula based on volume of distribution of the radiotracer. The
number of perfused glomeruli were determined by direct counting after staining
with Indian ink.

The Compensatory Response of Intact Kidneys
Age-related Differences

A relationship between the degree of renal compensatory hypertrophy and age
was suggested 60 years ago by Jackson and Shield (1927). When studying the com-
pensatory changes in unilaterally nephrectomized immature rats, one has to dif-
ferentiate between the normal and the compensatory growth of the kidney. The
rat is born with rather immature kidneys after a gestation period of only 21 days;
nephrogenesis continues after birth. The time required for the completion of ne-
phrogenesis is now established to be 7-8 days (Larsson 1975; Larsson et al. 1980),
though earlier studies reported nephrogenesis up to the age of 3 weeks (Arataki
1928). The nephrons develop in a centrifugal way. The most mature nephrons are
in the juxtamedullary region, while the most immature are found in the superficial
renal cortex. Based on studies done during the mid 1960s of the RNA, DNA, and
total protein content in the normal growing kidney, the renal growth cycle in the
rat has been divided into three phases (Winick and Noble 1965). The first phase
extends from birth to about day 14 and consists mainly of hyperplasia. During the
second phase, which extends until about day 40, renal growth occurs by a combi-
nation of hyperplasia and hypertrophy. The third phase after day 40 is charac-
terized by hypertrophy. This concept was later challenged based on observations
that cell multiplication continued during the period of rapid body growth, i.e. up
to day 80-90 (Sands et al. 1979; Celsi et al. 1986). Thus, the third phase can be
considered an extension of the second period, during which the contribution of
hyperplasia slowly diminishes.

The functional development of the growing kidney is well established. Shortly
after birth, the GFR is low for body weight (Falk 1955) as well as for kidney
weight (Horster and Lewy 1970). In the 3-day-old rat the GFR is only 0.04 ml/
min/g kidney weight, rising to about 0.3 ml/min/g kidney weight at an age of 16~
18 days. Adult values for total and single-nephron GFR per gram of kidney
weight were found in rats at an age of 6-7 weeks (Bengele and Solomon 1974;
Aperia and Herin 1975; Provoost et al. 1983). From birth to about 7 weeks of age
the increase in GFR outnumbers the increase in body weight. Consequently, the
GFR per 100 g body weight increases from about 0.04 ml/min at an age of 3 days
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Table 1. The compensatory response of glomerular filtration rate (GFR), the wet kidney weight
(WKW), and the number of glomeruli after unilateral nephrectomy (UNX) in adult (13 weeks
old) and weanling (3 weeks old) rats

n) Body wt. GFR WKW Glomeruli
(2) (ml/min/100 g) (mg/100g)  (per kidney)

Adults
Sham @) 430 + 27 0.360 = 0.012 343+ 25 31.120 + 1.007
UNX (14) 429 +25 0.537 £ 0.058 491 + 34 32.359 +2.659
UNX/sham (%) 149 + 16 143+ 10 104+ 9
Weanling
Sham ©) 349 + 30 0.385 + 0.029 357+24 33.071 £ 4.731
UNX (12) 337 +31 0.630 = 0.061 543 + 44 32.611 + 3.470
UNX/sham (%) 164 + 16* 152+12 99 + 10

All data are mean = S.D.
The GFR and WKW for sham-operated rats refer to only one-kidney values
# P<0.05 when compared with adults (¢-test)

(body wt. 10-15 g; Falk 1955) to a value of about 1.2 ml/min at an age of 6 weeks
(body wt. about 120 g). From then on, the increase in body weight is greater than
the increase in GFR, and consequently there is a drop in the GFR relative to body
weight.

Various research groups have studied the effect of the normal development on
compensatory renal response after UNX. Two questions have been raised. First-
ly, is there an increase in the number of nephrons in (very) young rats after UNX?
Secondly, is there a difference in the rate or the level of compensatory increase in
the GFR?

The first question, after being studied between 1880 and 1930 (see Bonvalet
1979 for references), was raised again when various reports published in the 1970s
indicated that there was an induction of new nephrons in the remaining kidneys
of young rats nephrectomized at an age as late as the 48th day of life (Imbert et al.
1974; Canter and Goss 1975; Bonvalet 1979). During our studies in rats after
UNX at an age of 3 or 13 weeks, we did not observe a difference in the number of
glomeruli of the remaining kidneys compared with intact kidneys of sham-oper-
ated two-kidney control rats (Table 1). Furthermore, two other studies did not
show any involvement of the formation of new nephrons in the compensatory
changes in newborn rats after UNX (Kaufman et al. 1975; Larsson et al. 1980).
Therefore, we can safely rule out the hypothesis of nephron induction in single
kidneys of young rats after UNX.

Various experiments have been performed to determine whether the compen-
satory response of the remaining kidney after UNX differed between immature
and adult animals. Earlier reports suggested that the compensatory response in
renal mass was greater in young rats (Jackson and Shields 1927; Arataki 1928).
More recent studies have confirmed and extended these findings. In 5-day-old rats
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the rate and extent of the compensatory growth after UNX was greater than in
adult rats (Dicker and Shirley 1973; Celsi et al. 1986). It was also estimated (by
the change in RNA/DNA ratio, or by the lack of change in protein/DNA ratio)
that the degree of cortical cellular hypertrophy in young rats was smaller than in
adults. Thus, it appears that in newborn rats, in contrast to adult rats, a significant
contribution to the compensatory increase in renal mass comes from cellular hyper-
plasia. When the operation was performed at an age of 12 days (Larsson et al.
1980) or 3 weeks (Kaufman et al. 1975a) the extent of the compensatory increase
in renal mass after UNX was also larger than that found in adult rats (Table 1).
As with the compensatory increase in renal mass, the functional response of the
kidney remaining after UNX in young rats appears greater than that observed in
adult rats. In agreement with the results of other workers (Kaufman et al. 1975a;
Larsson et al. 1980), our studies indicated that after UNX in rats up to 3 weeks of
age the GFR of the remaining kidney increases more than in adult rats (Table 1).

In conclusion, in immature rats the compensatory response of the remaining
kidney after UNX is enhanced when compared with that of adult rats. This en-
hanced response involves renal function as well as renal growth, but not the induc-
tion of new nephrons.

Compensatory Changes in GFR

The time course of the compensatory changes can be divided into three periods:
(a) the acute changes during the first postoperative week; (b) the intermediate
changes occurring from 1 week up to 3 months after the operation; and (c) the
chronic changes in renal function of single kidneys developing more than
3 months after nephrectomy.

Acute. As early as 4h after the removal of one kidney we found that the GFR of
the remaining kidney had increased from 50% to approximately 65% of that of
sham-operated control rats with two normal kidneys (Provoost and Molenaar
1980a). The level of the GFR remained almost constant during the first 48 h after
UNX. The reports in the literature of an immediate increase in the GFR after
UNX are markedly divergent. Shirley and Skinner (1978) demonstrated a 15% in-
crease in the GFR and the ERPF within 150 min after UNX. Others, however, re-
ported no changes up to 3 h after UNX (Peters 1963; Katz and Epstein 1967). An
increase in the GFR 18-24 h after UNX has been reported by several other work-
ers (Peters 1963; Dicker and Shirley 1971; Potter et al. 1972). At 48h after UNX
an increase in both total-kidney and single-nephron GFR has also been reported
(Lopez-Novoa et al. 1982). This increase in GFR was accompanied by an increase
in renal plasma flow, a decreased renal vascular resistance, and a hyperdynamic
circulatory state with increased cardiac output and decreased total peripheral re-
sistance. Total renal blood flow of the remaining kidney measured with micro-
spheres 120 min after UNX rose by 180%. This renal vasodilatation is probably
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mediated by prostaglandins, since it was completely prevented by pretreatment
with indomethacin (Hahne et al. 1985).

Intermediate. Between 1 and 4 weeks after UNX there is a slow further increase
in the GFR of the remaining kidney. This increase in the GFR is at its maximum
2—-4 weeks after UNX, when the GFR reaches a level 75% —80% of that of two
healthy kidneys (Peters 1963; Katz and Epstein 1967; Dicker and Shirley 1971;
Provoost and Molenaar 1980a). The rise in renal blood or plasma flow has been
reported to exceed the change in GFR resulting in a fall in filtration fraction
(Kaufman et al. 1975b; Finn 1982; Provoost et al. 1984a, b).

Micropuncture studies have delved more deeply into the mechanisms of the in-
crease in the GFR. At the nephron level, the GFR is governed on the one hand
by a pressure difference, due to the imbalance between transcapillary hydraulic
and colloid osmotic pressures, and on the other hand by the ultrafiltration coeffi-
cient, Ky, which expresses the physical characteristics of the filtration membrane.
Ky is equal to the product of the hydraulic permeability and the area of the capil-
lary filtering surface (Brenner and Humes 1977; Tucker and Blantz 1977). After
UNX, an increase in the single-nephron GFR was initially reported to result
primarily from a higher transcapillary pressure gradient, i.e. a glomerular hyper-
tension, without a change in Ky (Deen et al. 1974). However, this has not been
firmly established. Finn (1982) reported that 2 weeks after UNX single-nephron
GFR and glomerular plasma flow had increased. The estimated glomerular hydro-
static pressure remained the same, but K; was increased by 36% . Indirect evi-
dence for an increase in K¢ stems from morphometric analyses of the renal corpus-
cule during hypertrophy. At least two groups (Olivetti et al. 1980; Seyer-Hansen
et al. 1985) reported an increase in the filtration surface area. This increase, how-
ever, was not sufficient to completely explain the increase in GFR after UNX.

The compensatory response of the remaining kidney in rats appears to be com-
pleted within 4 weeks after UNX. Between 4 weeks and 3 months after UNX we
have observed very little change in either the GFR or the ERPF. Both functional
parameters remain constant during this period (Provoost et al. 1982, 1984a; De-
Keijzer et al. 1984).

Chronic. Since it minimizes the decrease in total GFR, hyperfiltration of the kid-
ney that remains after UNX has generally been regarded as beneficial. However,
experiments in rats with a more severe reduction in the number of nephrons
(>80%) demonstrated an early destruction of the remnant glomeruli (Shimamura
and Morrison 1975). Consequently, we may ask whether initially intact single kid-
neys remaining after UNX are in the long run also subjected to a deterioration in
function. Such a slow deterioration was at least suggested by some studies of the
long-term effects of UNX in human kidney donors. Studies performed in kidney
donors more than 10 years after UNX showed a higher incidence of proteinuria
and hypertension as compared with their pre-UNX values and matched control
subjects (Hakim et al. 1984). Other studies, however, showed little or no adverse
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effects of kidney donation after 10-20 years of compensatory hypetfiltration (Wei-
land et al. 1984; Anderson et al. 1985a). Consequently, UNX in living kidney
donors may still be regarded as safe and ethically justified (Sutherland 198S;
Sterioff 1985). Studies in patients nephrectomized for renal disease (Kiprov et al.
1982; Zuchelli et al. 1983; Smith et al. 1985) showed proteinuria and focal
glomeruloscerlosis in only some cases. However, patients with unilateral renal
agenesis are more likely to develop focal glomerulosclerosis and renal failure
(Kiprov et al. 1982; Thorner et al. 1984).

In man the development of these renal alterations apparently takes a very long
period of time, on the order of 30% —50% of the normal life span. Consequently,
to obtain early indications it may be useful to study rats with a normal life span of
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Fig. 2. Longitudinal changes in the urinary excretion of total protein (Up,V) of two-kidney and
UNX rats on a normal (N), high-(H), or low-(L) protein diet during an 84-week follow-up
period. Data are given as means and represent the UV in mg/24 h as a percentage of the two-
kidney value at week 12 (arrow), being 21.9mg/24 h. Solid symbols, two-kidney rats; open sym-
bols, UNX rats; circles, normal diet; squares, high-protein diet; triangles, low-protein diet

about 3 years (Burek 1978). Aging rats with two intact kidneys may develop renal
lesions spontaneously. These changes consist of proteinuria and glomerular
changes resembling focal glomerulosclerosis in human beings. Differences exist
between various rat strains, and females of all strains appear to be less susceptible
than males (Couser and Stilmant 1975; Elema and Arends 1975; Bolton et al.
1976; Kreisberg and Karnovsky 1978). Studies performed in rats more than 3
months after UNX have revealed that these animals are more prone to develop
these spontaneous renal lesions (Striker et al. 1969; Grond et al. 1982). Detailed
studies into the longitudinal changes of renal function and proteinuria after UNX
have not yet been reported.

In our laboratory the long-term effects of UNX on renal function in rats are
currently under investigation. After UNX or a sham operation at the age of 4
weeks, groups of rats (consisting of 15-20 animals) had their GFR and ERPF
determined every 12 weeks. At the same time, in smaller subgroups, we deter-
mined the urinary protein excretion (Up:V). Up till now (March 1986) the ani-
mals have been followed up for 84 weeks after operation, i.e. about 60% of the
expected life span. From the data presented in Fig. 1, it is clear that the GFR of
sham-operated two-kidney rats remained stable during the 84 weeks of follow-up.
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The UV of two-kidney rats increased slightly after week 48 (Fig. 2). A decline
in the GFR of two-kidney rats is anticipated in the near future. Results of a serial
study in aging rats (Alt et al. 1980), as well as higher levels of plasma creatinine
and the increasing number of sclerotic glomeruli found in another study (Couser
and Stilmant 1975), suggest a fall in GFR around the end of the second year of
life. In human beings the age-related changes in renal function are better docu-
mented (Rowe et al. 1976; Lindeman et al. 1984). Creatinine clearance remains
stable for about 40 years of life and subsequently declines particularly after the
sixth decade. In persons over 80 years old, the creatinine clearance is reduced to
about 60% of that of subjects in their 4th decade.

In our study the GFR of UNX rats remained stable for only 48 weeks and sub-
sequently started to decrease. This decrease was preceded by an increase in the
UprotV. By 48 weeks, i.e. before the GFR started to decline, proteinuria was over
five times that of two-kidney rats. From the rate at which the GFR fell, we may
extrapolate that the UNX rats on a normal protein intake will die of renal failure
between 120 and 144 weeks, i.e. at about 80% of the expected life span (Fig. 1).

Three human counterparts of the rat model with a single intact kidney can be
distinguished: (a) patients with unilateral renal agenesis, (b) patients in whom one
kidney is removed for unilateral renal disease and (c) living kidney donors. All
three types are presently being studied in increasing numbers. Patients with uni-
lateral renal agenesis are more likely to develop focal glomerulosclerosis and even
renal failure before the age of 40 (Kiprov et al. 1982; Thorner et al. 1984). In liv-
ing kidney donors (Vincenti et al. 1983; Hakim et al. 1984; Weiland et al. 1984;
C.F. Anderson et al. 1985) and adult patients nephrectomized for unilateral renal
disease (Kiprov et al. 1982; Zuchelli et al. 1983; Smith et al. 1985) who were
studied up to 30 years after nephrectomy gross alterations in renal function were
scarce. The same appears true for patients who underwent unilateral nephrec-
tomy in childhood (Simon et al. 1982; Robitaille et al. 1985) and were studied up
to 33 years later. From our experimental data in UNX rats, where the GFR re-
mained stable for over 30% of the life span, we might extrapolate that in human
beings significant changes in the GFR of single intact kidneys are not to be ex-
pected until 25 years after nephrectomy.

Effects of Low or High Protein Intake on Renal Function in UNX Rats

From studies of long duration carried out in the 1920s it is generally known that
diets rich in protein result in renal deterioration in rats with two intact kidneys
(Moise and Smith 1927; Newburgh and Curtis 1928). When UNX rats are fed a
high-potein diet, they are even more susceptible to degeneration and sclerosis of
glomeruli than animals with two kidneys (Lalich et al. 1975). Protein restriction
delayed the spontaneous renal lesions and the development of renal failure com-
mon in aging rats (Berg and Simms 1960).

Apart from our experimental studies of the long-term effects of UNX on renal
function in rats, we have studied the effects of both a high and a low protein in-
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take. Instead of the normal rat chow, containing 24% protein, rats were fed either
a high-protein diet containing 36% protein or a low-protein diet containing 12%
protein. In rats with two intact kidneys a high protein intake caused an increase in
GFR when compared with rats on a normal protein diet. There is a tendency for
the GFR to decrease, starting from week 48. In contrast, rats on a low-protein
diet had a lower GFR. On this diet the GFR remained stable during the 84-week
follow-up period (Fig. 1). The U,V also depended on the daily protein intake.
Rats on a high-protein diet excreted more, while rats on a low protein diet, from
week 60, excreted less protein than rats on a normal diet (Fig. 2).

Variations in the daily protein intake also had a very marked effect on renal
function and U,V in UNX rats. In UNX rats on a high-protein diet, the GFR
started to decrease as early as 36 weeks after the operation. In those on a low-
protein diet the GFR remained stable for at least 72 weeks (Fig. 1). On both diets
the UpoV of UNX rats was higher than that of two-kidney rats. With a high-
protein diet the absolute level of proteinuria was markedly higher than with a low-
protein diet (Fig. 2). From the rate at which the GFR fell, we may extrapolate that
the life expectancy of UNX rats on a high-protein diet is only 96 weeks, i.e. about
60% of a normal rat life span. On a low-protein diet, UNX rats will probably live
out their normal life span of 3 years.

Compensatory Response of Single Damaged Kidneys

As with intact kidneys, single damaged kidneys are capable of showing compen-
satory changes. The final level of renal function, however, is greatly influenced by
the degree of initial damage. We have studied various single-kidney models in
rats, in which a damaged kidney had to recover in the absence of an intact contra-
lateral kidney. Initially, studies with a follow-up of up to 3 months were performed
in rats with isogeneically transplanted kidneys (Provoost et al. 1982, 1984a) and
in rats with single kidneys damaged either by renal ischaemia (J.N. Wessel and
A.Provoost, 1983, unpublished) or ureteral obstruction (Provoost and Molenaar
1980b, 1981). At the moment we are studying the chronic effects of the latter two
models as well as the influence of a variation in protein intake upon these chronic
changes.

Isogeneically Transplanted Kidneys

Isogeneic transplantation of an adult donor kidney to an adult recipient resulted
in a GFR of about 80% of that of an adult UNX rat. An already hyperfunctioning
transplanted kidney, from a donor that had been unilaterally nephrectomized 4
weeks earlier, reached the same level of GFR as that of a normal transplant (Pro-
voost et al. 1982). This indicates that about 20% of the renal funtion had been lost
during and following the transplantation procedure. The GFR of transplanted
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kidneys remained stable during a 15-week follow-up period, without any sign of
functional deterioration (Provoost et al. 1982, 1984a).

When kidneys are transplanted isogeneically between rats of various sizes, the
renal function adapts to the size of the recipients. Kidneys transplanted from
(very) young rats into adults show a rapid augmentation of the compensatory re-
sponse. On the other hand, transplantation of adult donor kidneys into young
recipients causes an attenuation of the compensatory change in renal function
(Provoost et al. 1984a). A similar mechanism may be effective in pediatric renal
transplantation. Adult donor kidneys transplanted into children appear to adapt
to the body size of the child (Provoost et al. 1984b).

Single Kidneys After Ischaemic Damage

The combination of unilateral renal ischaemia and contralateral nephrectomy is a
well-known experimental model for the assessment of renal recovery (Jablonski et
al. 1983). Contralateral nephrectomy enhances the rate and the degree of recov-
ery of the ischaemic kidney (Finn 1980). When compared with the recovery in the
presence of an intact kidney, it appears that this is due to improved hemodynamic
parameters. There is a higher renal blood flow and ultrafiltration pressure as a re-
sult of a reduction in total renal vasoconstriction, especially preglomerular, nor-
mally present at 24 h after the ischaemic insult (Finn et al. 1984). There also seems
to be less intratubular obstruction, resulting in an increased number of function-
ing nephrons (Finn 1980).

In our experiments, adult rats survived unilateral renal ischaemia of up to
75min concomitant with contralateral UNX. When measured immediately or
1 week after the ischaemia, there was an inverse relation between the GFR and
the duration of the ischaemia. When studied 3 weeks after the ischaemic insult,
the GFR had recovered to a level similar to that of UNX rats. However, in contrast
to rats subjected to 30, 45 or 60 min of ischaemia, where we found no mortality
due to renal failure, 50% of the animals ultimately did not survive after 75 min of
unilateral ischaemia and contralateral UNX (Table 2).

An identical experiment performed in 3-week-old weanling rats indicated that
in these young rats the recovery of the GFR after 60 or 75 min of ischaemia was
faster than in adult rats. At the same time, after 75 min of ischaemia the survival
rate of weanling rats (>80%) was higher than that of adult rats. In other words,
immature growing kidneys tolerate a period of renal ischaemia better than adult
kidneys (Table 2).

A more extensive and permanent reduction in the GFR of single kidneys can
be produced by longer (> 75 min) periods of renal ischaemia. Rats survive such
long periods of ischaemia only if the contralateral UNX is postponed for at least
1 week.

From the data presented in Table 3 it is clear that after an ischaemic period
lasting more than 75 min there was only a partial recovery of the GFR, while the
number of perfused glomeruli was found to be reduced. However, the reduction



A.P.Provoost et al.

S1RI XN Ul

s&oupry 19e)Ul JO Jey)) Jo ofejucorod e se UALS ST IIOWO]F Jo Joquunu YT, ‘s1ex XN Y3 Jo afejueoiad e se ‘m Apoq S goT/uruy/jur ur usAIS s Y10 oYL,

“(I'S F UBawW I8 BIEP [V

61 ¥ 88 (8) WCF 6 (8) 61 F 16 (8 0 F 16 (8) 6 FL (8) M
YT F 18 () €€ F 8 () STFE8 (s) 1€ F 8¢ © 0 F0 (oD v
UIN S
LTFT6 9 0T F €6 9 6 Foo1 (1) cgF101 (L) 9 FII ) M
€1 F 68 ®) sTFzo1 (8 LTF86 (6) 12 F 09 (oD 0IF8 (on v
U1 09
0T 798 9) ETFE0T (L) 11 F L6 L) LTF Y6 03] 9z F0S 2] M
1 F86 (o 8 F86 (on 8 F86 (oD LIFI8 (oD YT F T€ (on v
1N S
YIF00T (9 TwFoor (L) 9T F 001 (9 €gF00T (9 6T F00T (L) M
0T F001 (8 g8 7001 (6 8 F001 (6) orF001 (6) g8 F001 (6) v
XN
Uiy ONSNQQUWN
Hnie ST-¥4D € 9AD M40 041D
-wo[3 jJo
IoquInN XN 1sod sxeom — YAD
sie1 (An) Surueom pue () ynpe ul (XN) &woioaryd
= -ou [er2jelenuod snid BIUISBYOSI [RUSI [EI3)B[IUN JO SpPolIad SnoLIea Jo [nIswols Jo Iequuinu oy} pue (VJ0)) 91X UOLEN|I] IeNISWO[ UO S109J1 *Z d1qeL



31

le-Kidney Rats

ing

S:

ion in

Renal Funct;

s1eI XN[] UF

skaupiy JoeIur Jo e Jo o8ejucorad e st uaAld sI ISWO]T Jo JoquInu Y, *sieI XN 2Us Jo aejusorad e se “1m Apoq § (0T /ury/ W ur UsAId st J40 oYL

('S F UBaW 9IE BIEP [V

6T F 16 (©) STFR ) STFLY () 8T F S ) 9T F LI ) M
6 F65 ) SIFSC ® YT F 1€ (6) TWFRT an T FT an v
UIAL SOT
1€ F 6L © ¥y F o 9) EEFTS 8 ITFI1$ (6) YT F9€ (6) M
LTFSL (€) YZF T () 91 F 6 @) vT F € ) L F8 (6) v
UIN 06
TLFEL 03] WFEL (or) €TFSL (o) LTF VL (oD WFIS (om) M
9T F 96 () 8T F 9L ) SIF 69 (8) 0ZF29 (on) 8 F8I (on) v
UIA S
or¥oor (9 6 ¥00I (8) 6 F001 (8 veFo0l (8 TTF00I (8) M
9 Fo001 (9) 6 F001 (8 L Fo01 (8 8 F001 (8) L Foor (oD v
XNQ
Ul UNSNSQU&
Hnie ST-WAD £-9AD 1940 0-41D
-woj3 jo
IaquInyN XN 1sod soom — Y10

s1e1 (M) Surjueam pue (V) Jnpe ur 103e] Joom T (XN) Awoloaryd
-3U [e1ore[enUO0D snd BILUORYDSI [BUSI [RI9JE[IUN JO spoLrad snoirea Jo nIoWOIS JO IOqUINU oY) pue (YD) 9381 UOHEN[IJ IB[NISWO[S U0 SIO095IH °€ J[qB.L



32 A.P. Provoost et al.

in GFR was greater than the reduction in the number of perfused glomeruli. This
means that the hyperfiltration of these remaining glomeruli is less than that of in-
tact kidneys remaining after UNX. Dividing the GFR by the number of glomeruli
shows that the mean nephron GFR of single kidneys damaged by 105 min of isch-
emia is only 48% of that of intact single kidneys. In this way, the ischaemically
damaged single kidneys differ from single kidneys remaining after progressive sur-
gical ablation. After removal of 75% of the renal mass, mean nephron GFR in-
creased by about 150% (Kaufman et al. 1975b). This increase was much higher
than that observed in intact kidneys remaining after UNX. Consequently, the
mean nephron GFR of the glomeruli remaining after partial ablation increased to
a level of about 150% of that of glomeruli of single intact kidneys.

Single Kidneys After Temporary Ureteral Obstruction

The degree of recovery of the GFR after a temporary complete unilateral ureteral
obstruction in rats depends on the duration of the obstruction. In adult rats (Pro-
voost and Molenaar 1981) as well as in weanling rats (A.P.Provoost, H. Visser,
J. Setyo, 1984, unpublished data) we studied the recovery of the obstructed kid-
ney either in the presence or in the absence of an intact contralateral kidney.
When measured after 2 weeks of recovery, the GFR of single kidneys remaining
after the removal of a ureteral obstruction lasting 1 week and contralateral UNX
amounted to about 70% of that of intact single kidneys. With 2 weeks of ureteral
obstruction the recovery was about 35% and with 3 weeks of obstruction it dropped
to about 15% (Provoost and Molenaar 1981).

These data were confirmed in a subsequent experiment and expanded with
data on the effects of temporary ureteral obstruction in weanling rats (Table 4).
In weanling rats, the degree of recovery was about the same as that in adult rats
after identical periods of ureteral obstruction. However, the mortality after 3
weeks of ureteral obstruction plus removal of the intact kidney was higher in
weanling rats than in adults. Thus, immature kidneys appear to be more vulner-
able to the damaging effect of ureteral obstruction. This is in contrast to the ef-
fects of temporary ischaemia, to which immature kidneys appear less vulnerable
than adult kidneys. As with ischaemic damage, the reduction in GFR is greater
than the reduction in the number of perfused glomeruli, and therefore the mean
nephron GFR of these damaged kidneys will be less than that of intact single kid-
neys.

Chronic Changes in the GFR of Single Damaged Kidneys
and the Influence of a Low and High Protein Intake

Partial removal of renal tissue from the kidney remaining after UNX enhances the
development of glomerulosclerosis (Shimamura and Morrison 1975), normally oc-
curring in intact single kidneys (Grond et al. 1982). In most of the recently pub-
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lished experiments, renal parenchymal ablation is used as a standard model. The
amount of renal tissue removed may vary from 1% to 15 of the two kidneys.
Removal of 75% or more of the renal mass results in a syndrome of azotemia,
proteinuria and arterial hypertension (Shimamura and Morrison 1975; Purkerson
et al. 1976). After removal of such large amounts of renal tissue the adaptive re-
sponses of the remaining glomeruli more than doubles the single-nephron GFR
(Kaufman et al. 1975; Hostetter et al. 1981) after 1-4 weeks. This marked incre-
ment is due to two factors. The single-nephron glomerular plasma flow is elevated
along with the glomerular capillary pressure, resulting from striking vasodilata-
tion of remnant intrarenal arterioles (Hostetter et al. 1981). Despite these adapta-
tions limiting the fall in total GFR, the life span of the rats after subtotal nephrec-
tomy is greatly reduced because of a continuous further deterioration of renal
function (Kleinknecht et al. 1979; Salusky et al. 1981; El-Nahas et al. 1983; Louari
et al. 1984; Kenner et al. 1985).

The rate of fall of the renal function and the mortality are further increased by
feeding the animals a high-protein diet (Kleinknecht et al. 1979; Louari et al.
1984; Kenner et al. 1985). Other factors aggravating the renal dysfunction after
renal mass reduction include hypertension (Tsuruda et al. 1986) and probably a
high-sodium diet — i.e. at least in UNX rats (Lalich et al. 1975). The renal dys-
function can be diminished and the survival time of rats with a severe reduction in
renal mass can be prolonged by a low-protein (Kleinknecht et al. 1979; Salusky et
al. 1981; El-Nahas et al. 1983; Louari et al. 1984; Kenner et al. 1985), a low-phos-
phate (Ibels et al. 1978; Lumertgul et al. 1986), a high linoleic acid (Barcelli et al.
1982), or a low-sodium diet (Daniels and Hostetter 1986). A low-protein diet
largely prevents the glomerular haemodynamic alterations leading to hyperfiltra-
tion (Hostetter et al. 1981). A better control of the systemic blood pressure (Jack-
son et al. 1986), more specifically control of glomerular hypertension, which may
be achieved by the use of converting enzyme inhibitors (S. Anderson et al. 1985b)
but not by all antihypertensive drugs (Anderson et al. 1986), ameliorates the pro-
teinuria and glomerulosclerosis. Finally, anticoagulant drugs have proved to be
beneficial (Purkerson et al. 1982; Olson 1984).

In experiments with progressive renal ablation, longitudinal measurements of
changes in renal function have received little attention. Such measurements con-
sisted mainly of serial determinations of serum creatinine and/or blood urea nitro-
gen levels (Kleinknecht et al. 1979; Salusky et al. 1981; El-Nahas et al. 1983).
These levels, especially that of urea, are greatly affected by the composition of the
diet and thus not very sensitive. Furthermore, experiments with models other
than severe renal ablation, with less initial renal injury, were lacking. Con-
sequently, we have initiated a lifelong study of the effects of a moderate inital
renal damage on the regression of renal function. At the same time we are study-
ing the influence of a high- and a low-protein diet on this process.

At this moment (March 1986), these experiments have been underway for
2 years. In combination with the two-kidney and UNX rats, already described
above, two models of single damaged kidneys were used. They were produced
either by a combination of 7 days of complete unilateral ureteral obstruction and
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Fig. 3. a Longitudinal changes in the glomerular filtration rate (GFR) of single kidney rats dam-
aged by temporary ischemia on a normal (N), high-(H), or low-(L) protein diet during an 84-
week follow-up period. Data are given as means and represent the GFR in ml/min as a percent-
age of the two-kidney value at week 12, being 2.072 ml/min. Circles, normal diet; squares, high-
protein diet; triangles, low-protein diet. b Longitudinal changes in the glomerular filtration rate
(GFR) of single kidney rats damaged by temporary ureteral obstruction on a normal (N), high-
(H), or low-(L) protein diet during an 84-week follow-up period. Data are given as means and
represent the GFR in ml/min as a percentage of the two-kidney value at week 12, being 2.072 ml/
min. Circles, normal diet; squares, high-protein diet; triangles, low-protein diet

UNX on the day of removal of the obstruction, or by a combination of 90 min of
unilateral renal ischaemia and UNX 1 week later. The primary operations were
carried out in weanling rats at an age of 3 weeks. After the operations the animals
were placed on either a normal diet (24% protein), a high-protein (36%) diet, or
a low-protein (12%) diet. Renal function was determined every 12 weeks. For
analyses animals were selected on the basis of two criteria. Firstly, the single dam-
aged kidneys had to show a good recovery with a GFR greater than 50% of that
of UNX rats with single intact kidneys on the same diet. Secondly, only animals
dying of end-stage renal failure were included. In this way, groups were created
consisting of 15-20 rats, except for the group of rats with ischaemically damaged
kidneys, which contained only 7 rats.

At the first measurement, i.e. 12 weeks after the operation, the GFR of the
single damaged kidney was about 75% of that of intact single kidneys remaining
after UNX (Fig. 3a, b). Thus, the initial recovery was good. However, during the
follow-up period there was a steady decrease in the GFR. The rate of fall ap-
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peared to depend on the dietary protein intake as well as on the cause of the renal
damage. The rate of fall of of the GFR was greater in kidneys damaged by ureteral
obstruction than in those damaged by ischaemia. When compared with that in rats
on a normal diet, the rate of fall was slightly less in those on a low-protein diet and
slightly higher in those on a high-protein diet. The survival time of these rats with
single damaged kidneys is drastically shortened. Almost all of the rats with single
damaged kidneys on a normal diet died of renal failure within 1.5 years, half the
normal life span. For rats on a low-protein diet the survival time was prolonged
by about 20 weeks, i.e. about Y8 of the normal life span. For those on a high-
protein diet the survival time was shortened when compared with the normal diet,
also by about 20 weeks.

All rats with single damaged kidneys had severe and progressive proteinuria.
The daily protein excretion was higher on a high-protein diet and lower on a low-
protein diet when compared with a normal diet. Single kidneys damaged by isch-
aemia lost less protein than those damaged by ureteral obstruction. For instance,
rats with ischaemically damaged single kidneys at week 12 on a low-protein, nor-
mal, or high-protein diet had a daily protein excretion which was respectively 1.3,
3.2, and 4.4 times that of two-kidney rats on a normal diet. At week 36 these fig-
ures had increased to 5.7, 11.1, and 14.6 times that of rats with two intact kidneys
on a normal diet.

In human beings there are many situations where only a single damaged kid-
ney is present. In this connection, we should like to mention oligomeganephronia
(McGraw et al. 1984) — although it usually presents bilaterally, solitary kidneys
with ureteral abnormalities, patients with bilateral renal abnormalities in whom
only the most severely affected kidney was removed, and long-surviving renal
transplant recipients. These types of abnormalities constitute a highly increased
tisk for an early development of end-stage renal failure.

Mechanism(s) of the Regression of Renal Function of Single Kidneys

Based on experimental studies, Brenner and coworkers developed a comprehen-
sive hypothesis in 1981 to account for the deterioration of renal function after the
loss of renal mass (Hostetter et al. 1981). It was suggested “that the ‘adaptive’ in-
crements in single-nephron GFR may represent a potentially adverse response. . .”.
It was not clear whether the hyperfiltration as such or some haemodynamic deter-
minant thereof was responsible for the derangement. In later reviews this hypo-
thesis was extended and modified (Brenner 1983, 1985; Brenner et al. 1982; Ho-
stetter 1984; S. Anderson et al. 1985a), although it remained essentially the same.
The adaptive renal vasodilation results in long-term elevations of glomerular
capillary pressure and flow. These haemodynamic factors promote glomerular
hyperfiltration, but they impair the permeability selective properties of the
glomerular wall and very likely injure the component cells of the glomerulus.
These alterations finally lead to glomerulosclerosis and a further deterioration of
the filtration process.
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Conclusion

In 1938, Deming stated that “urologists have all been asked by patients... ‘Can1
live with one kidney?” and ‘What does the future have in store for me ?”.” More re-
cently, these questions have been asked again with respect to the future of living
related kidney donors. The answer to the first question is simple. Yes, one can
live with a single kidney, either intact or damaged. What conclusions can we draw
from the rat experiments concerning the future of people living with only one kid-
ney? Of course, care has to be taken in extrapolating findings in rats to the human
situation. Nevertheless, assuming that our findings also apply to human beings,
we surmise that a single intact kidney cannot sustain the demands of a normal, 75-
year human life span. On a normal protein intake, the GFR remained stable dur-
ing one third of the life span. In human beings, then, a significant fall in the GFR
could be expected after one had lived for over 25 years with an intact single kid-
ney. On a normal diet the survival time of a single kidney will be reduced by 15%—
20% . On a high daily protein intake the onset of renal deterioration is earlier and
the rate is increased. Consequently, single intact kidneys on such a high protein
intake survive only 60% of a normal life span, i.e. in human terms, 45 years. A
moderate reduction of the daily protein load, however, may create a situation in
which a single kidney can last a full normal life span.

People living with only one kidney most probably bear a somewhat greater
risk of developing chronic renal failure within a normal life span than those with
two intact kidneys. As the renal functional deterioration is a slow process, this risk
is higher in the young than in the middle-aged or old. Functional deterioration in
a predamaged single kidney has an earlier onset. Consequently, patients with
bilateral renal abnormalities in whom the most damaged kidney is removed and
children born with a single (normal or abnormal) kidney are special risk groups,
for whom regular surveillance and appropriate therapeutic measures should be
considered. The same holds true for long-term renal transplant recipients and, to
a much lower degree, for kidney donors. Appropriate interventions may consist
of dietary measures, a reduction of the intake of protein, phosphate, and sodium,
and good blood pressure control with drugs that also prevent glomerular hyper-
tension.

In case of single damaged kidneys the situation worsens. Even kidneys that
had an initial recovery to about 75% that of single intact kidneys rapidly declined
in function. The survival time of such kidneys is only 60% that of normal ones. In
human beings, this would be 45 years. The onset of this decline can be slightly de-
layed and the rate of deterioration diminished by reducing the daily protein in-
take. On a moderate protein intake, in rats, the survival time is expected to in-
crease by about 12% (in man, by 9 years). On the other hand, an increase in the
daily protein intake accelerates renal deterioration and the survival time is re-
duced by 12%. If the initial damage is greater, however, the survival time of the
single damaged kidney will be shorter. But even in this situation, therapeutic
interventions may slow down the functional deterioration of the single kidney.
Dietary restriction of protein, phosphate, and sodium, blood pressure control
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with drugs reducing the glomerular hypertension, and the use of anticoagulant
drugs may be beneficial.
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Urological Operations for Solitary Kidneys in Children

F.-J.Helmig, D. Vogl, and K.Devens

Summary

Depending on the underlying disease, children with solitary kidneys who have to
undergo urological operations have the same good or poor prognosis as children
with two kidneys (Whiting et al. 1983; Redman and Birsada 1976; Stackl et al.
1983). However, the problem of long-term prognosis persists. It is similar to that
for children who have undergone surgery for reflux: a certain number of them will
develop renal insufficiency in 20-30 years. Nephrologists estimate that 20% of
adults who suffer from renal insufficiency and become dialysis dependent former-
ly had reflux nephropathy. The influence of reimplantation, performed with good
results during the past few years, cannot be assessed so far. Large prospective
studies are needed.

Zusammenfassung

Wenn Kinder mit Solitdrnieren urologisch operiert werden miissen, haben sie, je
nach Befund und Art der Grunderkrankung, die gleich gute oder schlechte Pro-
gnose wie Kinder mit zwei Organen (Whiting et al. 1983; Redman and Birsada
1976; Stackl et al. 1983). Damit bleibt jedoch das Problem der Langzeitprognose
bestehen. Es ist das gleiche wie bei allen Kindern, die wegen Reflux operiert wor-
den sind und bei denen man, statistisch gesehen, rechnen muf, daf eine Anzahl
von ihnen in 20 bis 30 Jahren niereninsuffizient werden wird. Nephrologen rech-
nen damit, daB} etwa 20% der Erwachsenen, die niereninsuffizient und dialyseab-
héingig werden, urspriinglich eine Refluxnephropathie hatten. Uber die Beein-
flussung dieses Verlaufs durch die in den letzten Jahren mit gutem Erfolg durch-
gefithrte Reimplantation 148t sich zum heutigen Zeitpunkt noch nichts aussagen.
Dazu bedarf es grofierer prospektiver Studien.

Résumé

Selon I’affection sous-jacente, les enfants n’ayant qu’un seul rein et devant subir
une intervention urologique ont un pronostic ne présentant aucune différence sig-
nificative par rapport aux enfants normaux (Whiting et al. 1983; Redman et Bir-
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Table 2. Urological operations performed in 33 children with solitary kidneys

Reimplantation 17
Tumour excision
Lithotomy
Pyeloplasty
Ureterostomy
Ileal conduit

W = W wn NN

Transurethral valve resection

Fig. 2. An 8-year-old girl with nephrec-
tomy on the left side and pyelic calculi
in the remaining solitary kidney

University of Munich. There were 16 boys and 17 girls. Solitary kidneys were
located on the right side in 21 instances and on the left side in 12 instances. The
age distribution is shown in Fig. 1.

The causes of solitary kidney in our 33 cases are listed in Table 1. Pyelonephritic
renal shrinkage includes cases that developed following myelomeningocele or
posterior urethral valves. The tumours mentioned were both Wilms’ tumours.
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Fig. 3. Same patient as in Fig. 2 after pyelo-
lithotomy

Multiple malformations consisted, for instance, in a combination of pelvic kidney
with reflux or with anorectal atresia.

Operations

Operations that were performed in these children with solitary kidneys are listed
in Table 2. Notably, three transurethral valve resections are mentioned; this is
due to the fact that nephrectomies had been performed in these children else-
where and the residual urethral valves were resected later.

Only two of our patients developed renal insufficiency, one of whom had un-
recognized posterior urethral valves. Since nephrectomy had already been carried
out elsewhere, we had first to do a transurethral valve resection and then to estab-
lish a ureterostomy due to the impaired function of the solitary kidney. In spite of
this, renal insufficiency with hypertonus developed and the patient is presently
dialysis dependent.

The other patient with renal insufficiency had been nephrectomized elsewhere
at the age of 6 years for silent kidney due to pyelic calculi and empyema. Two
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Fig. 4. Scintiscan in a 2-year-old boy with posterior urethral valves and bilateral distal ureteral
stenosis: nearly functionless kidney on the left side and impaired urinary drainage on the right

years later, she was referred to us for treatment of pyelic calculi of the other kid-
ney (Fig. 2). Since a nephrotomy was too dangerous in the solitary kidney, we per-
formed a pyelotomy to remove the accessible calculi, mainly from the pelvis and
the intermediate calices. Since intraoperative sonographical localization of renal
calculi was not possible 10 years ago, residual calculi which did not impair urinary
drainage had to be left in place (Fig. 3).

The underlying disease was diagnosed only after this operation: tubular
acidosis and nephrocalcinosis, untreatable by alkalisation in this stage. Seven
years after the last operation, the patient is awaiting dialysis and transplantation
for progressive renal insufficiency.

There was a satisfactory postoperative course in all other patients, regarding
both renal function and the prophylaxis and treatment of infections.

Two cases are presented as examples:

1. A 2-year-old boy with posterior urethral valves and bilateral, distal ureteral
stenosis was nephrectomized on the left side, since qualitative iodine-hippuric
acid clearance revealed a residual function of only 5% . A ureterostomy was estab-
lished on the right side. A preoperative scintiscan revealed a nearly functionless
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Fig. 5. Intravenous pyelogram in the
same patient as in Fig. 4 at the time
of transurethral valve resection and
establishment of ureterostomy

Fig. 6. Scintiscan of the same patient 1 year following reimplantation of the right ureter reveals
good urinary drainage
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Fig.7. Micturition cystourethrogram
of a 3-year-old boy with right-sided
renal agenesis and distal ureteral
stenosis with VUR on the left side

Fig. 8. Scintiscan in the same patient as in Fig.7 prior to surgery shows grossly delayed urinary
drainage
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Fig.9. Intravenous pyelogram of
the same patient following reim-
plantation of the left ureter

kidney on the left side as well as impaired urinary drainage on the right (Fig. 4).
Figure 5 shows the right kidney at the time of transurethral valve resection and es-
tablishment of a ureterostomy. One year later, the right ureter was reimplanted.
A control scintiscan, again 1 year later, shows good urinary drainage on the right
side (Fig. 6).

2. A 3-year-old boy was referred for treatment of right-sided renal agenesis
and distal ureteral stenosis with VUR on the left (Figs.7 and 8). The left ureter
was reimplanted using Leadbetter and Politano’s method; this achieved good uri-
nary drainage (Fig.9). Maintenance of good urinary drainage was confirmed by
scintiscan 2 years after the operation (Fig. 10).

One of the two Wilms’ tumors in solitary kidneys was sparingly excised and the
other enucleated. The children are free of recurrence 4 and 5 years respectively
following surgery. In one of them a pole resection was performed; in the other,
frozen sections revealed a diffuse infiltration of the whole kidney (nephroblas-
tomatosis). Following irradiation and adjuvant chemotherapy, a second-look
operation revealed no residual tumor tissue. In this context, the papers by
Morales et al. (1981), Brannen et al. (1983) and Schiff et al. (1979) should be
referred to.






Reconstructive Surgery in Eight Children
with Solitary Kidneys

O.H.Nielsen and J. Thorup

Summary

Within a 10-year period reconstructive urinary tract surgery has been carried out
in eight children with solitary kidneys. The children were 0-5 years old. Six had
unilateral renal agenesis and two had unilateral multicystic kidney. In five chil-
dren ureteroneocystostomy was performed, in two of them because of reflux. In
two children pyeloureteroplasty was performed, and in one both ureteroneocys-
tostomy and pyeloureteroplasty. The multicystic kidneys were removed.

The renal function was poor preoperatively in five children; two of these also
had urosepsis. These children were all under 15 months of age. Postoperatively,
the renal function was subnormal (although improved) in two children; in six it
was normal.

The most important prognostic factors in solitary kidneys with urinary tract
obstruction are infection and developmental injury.

Zusammenfassung

In einer zehnjahrigen Periode sind bei acht einnierigen Patienten rekonstruktive
Harnwegsoperationen ausgefiihrt worden. Die Kinder waren 0-5 Jahre alt. Sechs
hatten unilaterale Nierenagenesie, zwei hatten unilaterale multicystische Niere.
Bei fiinf Kindern wurde Ureteroneocystostomie durchgefiihrt wegen Striktur (3)
oder Reflux (2). Zwei Kinder unterzogen sich einer Pyeloplastik und eines sowohl
einer Ureteroneocystostomie als auch einer Pyeloplastik. Die multicystischen
Nieren wurden entfernt.

Die Nierenfunktion war prédoperativ in fiinf Fillen schlecht; zwei von diesen
Kindern hatten dazu Urosepsis. Diese Kinder waren alle unter 15 Monate alt.

Postoperativ war die Nierenfunktion bei zwei Kindern subnormal (aber ver-
bessert), bei sechs Kindern normal.

Die wichtigsten prognostischen Faktoren bei Einzelnieren mit Harnwegsob-
struktion sind Infektion und prinatale Beschiddigung.

Résumé

En I’espace de dix ans, il a été procédé dans le cas de huit patients avec un rein
unique, a des opérations des voies urinaires a des fins de reconstruction. Les en-
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fants étajent 4gés de 0 4 5 ans. Six d’entre eux présentaient une agénésie rénale
unilatérale, deux d’entre eux un rein unilatéral multicystique. Dans le cas de cinq
enfants, il fut procédé a une urétéro-néocystostomie pour reflux. Dans deux cas
on pratiqua una urétéro-plastie pour stricture ou reflux. Deux enfants subirent
une py€loplastie et dans un cas on pratiqua une urétéro-néocystostomie et une
pyélourétéroplastie. On pratiqua une néphrectomie pour les deux multicystiques.

La fonction rénale était insuffisante dans le cas de cinq enfants avant Iinter-
vention. Deux d’entre eux présentaient aussi une infection urinaire. Ces enfants
avaient tous moins de 15 mois. Aprés Pintervention, la fonction rénale était sub-
normale (mais améliorée) dans deux cas et normale dans six cas.

Les facteurs pronostiques d’une importance majeure dans les cas de rein uni-
que avec obstruction des voies rénales sont I'infection et les lésions causées par
des embryopathies.

Correct management of obstructive uropathy is particularly important in children
with a solitary kidney. Fortunately, congenital solitary kidney with outflow
obstruction is a rare condition. Although, from a functional point of view, many
children with bilateral or infravesical obstruction are in the same situation, we
have chosen to report only cases with contralateral renal agenesis or multicystic
kidney.

Material and Methods

At the Department of Paediatric Surgery, Rigshospitalet, University of Copen-
hagen, in the 10-year period from 1975 to 1984 we saw 16 children with unilateral
renal agenesis. Ten of these cases were diagnosed incidentally, often in the course
of routine investigation for anal atresia or other anomalies. The remaining six
cases were diagnosed based on symptoms from the obstructed solitary kidney.

During the same period, 15 children with a unilateral multicystic kidney were
seen. Two of them had contralateral obstruction.

The diagnostic investigations were ultrasonic scanning, intravenous pyelog-
raphy and renal scintiscan. Renal function was evaluated with renography and
creatinine clearance preoperatively and during follow-up. The age of the patients
at the time of diagnosis was 0-5 years. Their clinical data are listed in Table 1.

A primary reconstruction was the routine method, but in two cases temporary
urinary deviation was indicated due to infection or because immediate surgery
could not be undertaken. In one boy with bladder dysfunction recurrence of vesico-
ureteral reflux indicated reoperation.

Results

There were no deaths or serious complications. The outflow obstruction was
eliminated in all cases.
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Surgery on Solitary Kidneys in Childhood

H.-D.Jaeger and G. Gutsche

Summary

From 1969 to 1984, 31 children were operated on for a diseased solitary kidney.
There was a peak of incidence during the first 2 years of life, due mostly to con-
genitally malformed solitary kidneys. In contrast, operations in older children be-
came necessary for diseased residual kidneys. In some children, secondary or
even multiple operations had to be performed in order to maintain satisfactory
organ function. Except in three preuraemic patients, renal functions were fully
compensatory during a follow-up of 1-16 years. Former reservations regarding
surgical intervention in solitary kidneys should be dropped in the face of these
good operative results.

Zusammenfassung

Zwischen 1969 und 1985 wurden 31 Kinder wegen Erkrankungen einer Solitér-
niere operiert. Ein Haufigkeitsgipfel fand sich in den beiden ersten Lebensjahren,
iiberwiegend an kongenitalen fehlgebildeten Einzelnieren. Dagegen waren die
Eingriffe bei dlteren Kindern in der Regel wegen erkrankter Restnieren notwen-
dig. Bei einigen Patienten machten sich Sekundér- oder gar Mehrfachoperationen
erforderlich, um eine befriedigende Restfunktion des Organs zu erhalten. Wih-
rend einer Nachbeobachtungszeit von 1-16 Jahren bewegten sich die Nierenlei-
stungen im Bereich der vollen Kompensation, bis auf drei pri-urdmische Patien-
ten. Die frither geiibte Zuriickhaltung gegeniiber operativen Interventionen an
Einzelnieren mufl unter dem Eindruck der iiberwiegend guten Behandlungser-
gebnisse fallengelassen werden.

Résumé

Entre 1969 et 1984, 31 enfants ont été opérés pour une affection d’un rein unique.
L’intervention a été le plus souvent pratiquée durant les deux premieres années
de vie et était due a des malformations congénitales du rein unique. Dans le cas
des enfants plus 4gés par contre, I'intervention était due, en régle générale, a une
affection du rein résiduel. Dans le cas de certains patients, il fallut pratiquer soit
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une intervention secondaire soit méme des interventions multiples pour pouvoir
conserver une fonction rénale résiduelle suffisante. Ces patients ont été suivis de
1 a 16 ans et la fonction rénale était proche de la compensation totale, a ’excep-
tion de trois patients pré-urémiques. Ces résultats étant donc satisfaisants en
majorité, il n’y a plus lieu d’hésiter a intervenir chirurgicalement sur un rein uni-
que, comme cela se faisait souvent autrefois.

Solitary kidneys are the result of either renal agenesis/aplasia or nephrectomy of
the contralateral organ. Functional solitary kidneys due to disease of the other
kidney will not be discussed here. Although a solitary kidney is able to adapt by
virtue of compensatory hypertrophy, it reaches only about two thirds of the func-
tional maximum of two healthy organs. Thus, compensatory renal capacity is
clearly limited, carrying the danger of an acute renal insufficiency in case of dis-
ease or surgical insult to the solitary organ.

Recently, Stackl et al. (1983) disproved in animal experiments the assumption
that a hypertrophied solitary kidney is more resistant to insults such as colibacil-
losis or ischaemic damage. The extent to which these findings are transferrable to
the human being remains open. According to Dees (1960), solitary kidneys are ac-
tually more prone to complications. He found late complications in 66% of con-
genital solitary kidneys as compared with 37% of acquired solitary kidneys. In the
face of these pathophysiological relations, the indication for diagnosis and therapy
assumes an extraordinary importance. As far as we know, no large studies con-
cerning this topic have been published in the paediatric surgical and paediatric
urological literature.

We report on 31 patients with solitary kidneys who have undergone surgery of
the upper urinary tract at our clinic since 1969. As far as age distribution is con-

Table 1. Underlying disease leading to decreased  Table 2. Operations performed on soli-

kidney function and finally nephrectomy tary kidneys

Condition No. of cases Heminephrectomy 1

Stenosis of the P yeloplast)'r 4
ureteropelvic junction 3 Ureterolysis 6

Ostial stenosis 2 Ureterocystostomy 8

Vesicoureteral reflux 6 Antireflux plasty 12

Urethral stenosis 5 Ureterosigmoidostomy

Cysts 1 Cutaneous ureterostomy 5

Megaureter syndrome 1 Others 14

Ureterocele 1 =52

Neurogenic bladder 1

Bladder exstrophy 1

=
il

v

=
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Table 3. Indications for primary intervention in solitary and residual kidneys

Solitary kidney Residual kidney

Stenosis of the ureteropelvic junction - 6
Ureteral stenosis 3 2
Ostial stenosis 1 2
Vesicoureteral reflux 5 9
Other stenosis - 2
Wilms’ tumour 1 -

n=10 n=21

Fig. 1. Wilms’ tumour in a left-sided
solitary kidney

cerned, there was a preponderance of interventions during the first 2 years of life,
whereby operations for congenital solitary kidney slightly predominated, whereas
operations on residual kidneys became necessary chiefly in older children. Ten
children had congenital solitary kidneys, 21 residual kidneys. Causes of renal loss
are listed in Table 1.

A total of 52 operations had to be carried out in the 31 children with solitary
kidneys. Temporary urinary diversions and definitive operations can be distin-
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Fig. 2. Follow-up urogram 2 years
after tumour excision in the same
patient

guished. The types of operations are shown in Table 2, the indications for primary
intervention in Table 3. In some of the children secondary or even multiple opera-
tions became necessary. Seven operations of the upper urinary tract had to be car-
ried out in one child. These interventions required great surgical skill to conserve
even borderline renal function.

Except for one child with a Wilms’ tumour, our patients had exclusively con-
genital malformations combined with disturbances of urinary transport. Emergency
situations must be given special attention, since they require immediate decisions.
For instance, a Wilms’ tumour had to be excised from the upper pole of a left-
sided solitary kidney in a 3-year-old boy (Fig. 1). An i.v. pyelogram following tu-
mour excision showed sufficient function of the residual organ (Fig. 2).

Surprisingly, there was no nephrolithiasis of a solitary kidney among our pa-
tients, although this is reported rather frequently in the literature. We were also
fortunate not to have to treat primary or secondary purulent suppurating pyelone-
phritis or tuberculous inflammations.

Follow-up in our patients ranged from 1 to 16 years, with an average of 7.5
years. With the exception of three children, the serum creatinine levels of our pa-
tients are within the compensatory range.

Most of the children show normal growth pre- as well as postoperatively, with
one girl even exhibiting accelerated growth. Only one boy shows retarded growth
and one girl dwarfism, both children having preuraemic serum creatinine levels.
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In the future, prenatal ultrasonography will contribute to the early diagnosis of
solitary kidneys and allow early surgical intervention to protect and improve
organ function. The view that one should hesitate to intervene surgically in soli-
tary kidneys can no longer be defended in the face of these predominantly positive
results.
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Outcome Following Surgery
for Solitary Kidney in Children

K. Gdanietz and G. Piehl

Summary

We reviewed 8700 urological patients treated as inpatients over a period of 30
years, among them 386 children with primary or secondary solitary kidneys.
Forty-one of these children had to undergo surgery for secondary pathological
conditions of their solitary kidney. Diagnosis, treatment and results are analysed
and tabulated for 20 primary and 21 secondary solitary kidneys.

Generally, the prognosis of a primary solitary kidney is poorer than that of a
secondary solitary kidney. Patients who have to undergo dialysis belong to the
group with primary solitary kidneys. The worst prognosis is that for the combina-
tion of subvesical stenosis and associated uropathy.

Zusammenfassung

Es wird eine Ubersichtsarbeit iiber ein Krankengut von 30 Jahren mit 8700 statio-
nir behandelten urologischen Patienten, das 386 Kinder mit einer priméren bezie-
hungsweise sekundédren Einzelniere enthilt, gegeben. 41 dieser Kinder muB3ten
wegen Sekundérpathologien an ihrer Einzelniere operiert werden. Analysiert und
tabellarisch zusammengefafit werden Diagnose, Therapie and Ergebnis von 20
priméren und 21 sekundiren Einzelnieren.

Das Schicksal von Kindern mit einer priméren Einzelniere verlduft insgesamt
ungiinstiger als das von Kindern mit einer sekundiren Einzelniere. Patienten, die
in das Dialyseprogramm aufgenommen werden muflten, rekrutieren sich aus der
Gruppe der priméren Einzelnieren. Von allen Diagnosen ist die Kombination
subvesikale Obstruktion und assoziierte Uropathie die problematischte Konstel-
lation.

Résumé

11 s’agit d’une étude rétrospective s’étendant sur une période de 30 ans et traitant
de 8700 cas de patients hospitalisés pour traitement urologique, dont 386 enfants
avec un rein unique primaire ou secondaire. 41 de ces enfants ont subi une inter-
vention pour évolution pathologique de leur rein unique. Nous avons groupé dans
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un tableau les données obtenues concernant le diagnostic, la thérapeutique et les
résultats dans le cas de 20 reins uniques primaires et de 21 reins uniques secon-
daires. Nous avons constaté que ’évolution est moins favorable dans le cas des en-
fants présentant un rein unique primaire que dans le cas de ceux ayant un rein uni-
que secondaire. Les patients qui ont dd &tre intégrés au programme de dialyse
avaient tous un rein unique primaire. Le pronostic le plus réservé est celui qui cor-
respond & une sténose vésicale avec uropathie associée.

Introduction

A review of the fate of children who had to undergo surgery of solitary kidneys
over a period of 30 years requires a perception of former therapeutic methods
applied according to the state of art at the time in question.

After 30 years’ experience in the field of pediatric urology we are aware of the
fact that we would proceed today differently than we did years ago. The collabora-
tion of various disciplines and the development of new techniques have improved
diagnosis, thus rendering earlier treatment possible.

As far as our review is concerned, we must state that only casuistic reports
could disclose the fate of our patients in detail, since the problems are not always
limited to the kidney. Combined malformations increase the problems.

Since detailed casuistic reports are beyond the scope of this paper, we present
our patient series summarized according to the diagnosis of primary and second-
ary solitary kidneys. Only two cases with rare diagnoses are described in some de-
tail.

Patients

Among 8700 urological inpatients treated from 1956 to 1985 (maldescended tes-
ticles, hydroceles, varicoceles and tumours not included) were 386 children with
solitary kidneys. Only 41 of these children, however, had to undergo surgery of
the solitary kidney. In the remaining children solitary kidneys were found along
with anorectal malformations or incidentally in diseases of other origin, or were
the result of nephrectomies.

We distinguish between congenital, i.e. primary, and acquired, i.e. secondary,
solitary kidneys.

Primary Solitary Kidneys (n = 20)
The indications for surgical intervention are summarized in Table 1 under the col-

umn headed “Diagnoses”. Problems arose in all of the children. Because of their
rareness, two diseases are described in some detail.
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Table 1. Diagnoses, treatment and assessment in surgical interventions of primary solitary kidneys

K.Gdanietz and G. Piehl
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Surgery for Solitary Kidney in Children
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Fig.1a,b. Cross-dystopia with retrocaval ureter: a anatomical situs; b state following antecaval
displacement of the ureter, resection of ureteral kinking and pyeloureterostomy. 1, Aorta; 2,
IVC; 3, ureter before and after displacement; 4, anastomosis

Fig. 2. Gartner duct cysts located
between vagina and urethra, ef-
fecting subvesical obstruction
with subsequent hypertrophy of
the bladder wall and uretero-
hydronephrosis. Triad: I, Ure-
terohydronephrosis of the right-
sided solitary kidney; II, per-
sistent Gartner duct vaginal
cysts; IIT, urogenital malforma-
tion — Gartner duct cysts, ureter
duplex, vagina duplex, imper-
forate hymen. 1, Gartner duct
cysts; 2, right ureter; 3, left
ureter
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Outcome Following Surgery for Solitary Kidney in Children
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Table 5. Results of surgical interventions in primary and secondary kidneys

Score? Primary solitary kidney Secondary solitary kidney
No. % (total n=20) No. (total n=21)
of pa- of pa-
tients tients
3 15 4 19.05
2 6 30 good results in 55% 4 19.05 good results in 61.9%
3 2 10 5 23.81
4 2 10 5 23.81
5 3 15 1 4.76
6 1 poor results in 45% 1 476 poor resultsin 38.1%
Died 3 15 1 4.76

 Score: (see Table 1)

the remaining kidney, as well as further treatment and assessment. One child
(case 19) with subvesical obstruction endured 11 operations before transferral to
our clinic.

Discussion

The fate of children with solitary kidneys depends crucially on the underlying dis-
ease. In secondary solitary kidneys we found that several different urological dis-
eases were present simultaneously, already having damaged both organs. Thus,
the necessary operation in the remaining kidney was carried out in a predamaged
organ. These drawbacks impaired the prognosis. If we consider the courses in the
different diagnostic groups, our study revealed that subvesical obstructions have
the poorest prognosis due to secondary pathological changes. Five of six children
now carry a permanent cutaneous ureterostomy as a result of severe associated
malformations, in some cases following one to four corrective operations. Stenoses
of the ureteropelvic junction have a better prognosis. Four of five children devel-
oped well (cases 1-4 in Table 4), one is in a state of compensated renal retention
(case 5 in Table 4). These patients now range in age from 9 to 23 years; one
woman (case 3 in Table 4) has two healthy children.
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Bladder Shrinkage as a Complication
of Long-Term Supravesical Urinary Diversion
in Children with Solitary Kidneys

M. Gharib and R. Engelskirchen

Summary

Failures in the treatment of terminal ureteral stenosis are not seldom burdened by
considerable bladder shrinkage, particularly in infants. Congenital anomalies of
the urinary tract such as bilaterally ectopic ureteral ostia can also lead to bladder
shrinkage, even in newborns.

Using examples from our patient series, we discuss problems of contracted
bladder in children and describe a method of continuous bladder distention by
means of catheters with different balloon volumes and a simultaneous, intermit-
tent, hydrostatic bladder dilatation. This method enables reintegration of a blad-
der which has been excluded from the urinary drainage system for a long period
of time into the urinary tract, even in complicated cases, thus avoiding a perma-
nent supravesical urinary diversion.

Zusammenfassung

Fehlschldge in der Behandlung der terminalen Harnleiterstenose sind gerade im
Sauglingsalter nicht selten mit einer erheblichen Blasenschrumpfung belastet.
Auch angeborene Anomalien der ableitenden Harnwege wie beidseits ektop
miindende Ureteren konnen schon bei Neugeborenen zu einer Schrumpfblase
fiihren.

Anhand von Beispielen aus unserem Krankengut wird die Problematik der
kontrakten Harnblase bei Kindern dargelegt und die Methode der kontinuier-
lichen Blasendistension mit Kathetern unterschiedlicher Ballonvolumina sowie
gleichzeitiger intermittierender hydrostatischer Dehnung der Harnblase vorge-
stellt. Mit diesem Verfahren ist es auch in kompliziert gelagerten Féllen oft noch
moglich, eine langzeit ausgeschaltete Harnblase in das ableitende Harnwegs-
system zu reintegrieren und damit eine definitive supravesicale Harnableitung zu
umgehen.

Résumé

Les échecs lors du traitement de la sténose terminale des voies urinaires se com-
pliquent fréquemment d’un rétrécissement considérable de la vessie, surtout dans

Paediatric Surgical Clinic, Children’s Hospital of Cologne, Department of Paediatric Urology,
Amsterdamerstr. 59, D-5000 Ko6in 60, Federal Republic of Germany
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le cas de nourrissons. Les anomalies congénitales des voies urinaires excrétrices
telles qu’uretéres implantés de facon ectopique et bilatérale peuvent provoquer
chez les nouveaux-nés un r étrécissement de la vessie.

Nous relatons des exemples illustrant les probleémes associés a la contraction
de la vessie chez les enfants et décrivons une méthode de distension continuelle de
la vessie a ’aide de cathéters a ballonnets accompagneé d’une dilatation intermit-
tente hydrostatique de la vessie. Cette procédure permet souvent, méme dans les
cas compliqués, le raccord de la vessie aux voies excrétrices et d’éviter ainsi une
dérivation définitive supravésicale de I’urine.

Bladder shrinkage in children can be due, on the one hand, to congenital, bilat-
eral, terminal ureteral stenoses or to bilaterally ectopic ureteral ostia and, on the
other hand, to a long-term supravesical urinary diversion. Supravesical urinary di-
version becomes necessary mostly following ureteral reimplantation for treatment
of recurrent stenosis, particularly in children with solitary kidneys. Other causes
of bladder shrinkage, such as tuberculosis or irradiation fibrosis, are of minor im-
portance in paediatric urology. Tanagho (1974) correctly emphasizes the particu-
lar therapeutic problems arising from congenital bladder shrinkage.

Since the first description by Bumpus in 1930 (cited by Tanké and Kalmén
1984), hydrostatic bladder distention has been a well-known procedure for im-
proving bladder capacity; it has been applied chiefly in the treatment of unstable
bladder (Delaere et al. 1980) and interstitial cystitis (Beer et al. 1986) and for cer-
tain tumours (Helmstein 1972) in recent years. In order to remind the reader of
this very adequate method for preserving or restoring the function of a contracted
bladder in children we feel it justified to report on our experience with combined
hydrostatic bladder dilatation in children.

Method

In infants with primary bladder hypoplasia, catheters of increasing volume are in-
serted transurethrally into the bladder, beginning with CH 6 (balloon volume 5-
6 ml) and continuing to CH 10 (volume 15-20ml). The balloon is continuously in-
flated with saline solution; the fractional instillation of body-warm saline solution
allows for inflation of the balloon to more than its stated maximal capacity. Addi-
tionally, the bladder is filled three to five times a day with warm saline solution
under a hydrostatic pressure of 40-60 cm H,O to achieve an extension of the blad-
der which goes beyond the basic extension achieved by the inflated balloon. At
the same time, the bladder mucosa kept continuously moist, thus improving the
elasticity of the muscle and the connective fibers.

In children with gross dilatation of the proximal urethra due to posterior
urethral valves the catheters are inserted suprapubically, since otherwise the
blocked balloon would be displaced from the rigid bladder into the dilated urethra
and a dilatation effect on the bladder would be impossible. Another advantage to
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Fig.4. Case 1: MCU 6 months after reimplantation of the left ureter and excision of the right
ureteral stump. Normal bladder capacity; nearly complete voiding; still VUR on the left side

Fig. 5. Case 2: MCU in a 9-month-
old boy with posterior urethral
valves, massive left-sided VUR and
ostial stenosis on the right side
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Fig.12. Case 4: retrograde filling of the bladder (balloon volume, 3 ml), one of the ectopically
ending ureters, and the vagina

the left ureter. Micturition cystourethrography (MCU) performed 6 months later revealed a
nearly normal bladder size with vesicoureteral reflux as well as complete voiding (Fig. 4).

With permanent antibiotic prophylaxis the boy has been free of urinary infections since then
and has unimpaired micturition. An antireflux plasty has not been necessary so far, since no fur-
ther urinary infections have occurred, scintigraphic renal function tests have shown consistent
performance of the damaged organ for 2 years, and half-yearly MCU checks reveal decreasing
VUR. In case of new urinary infections, an antireflux plasty according to Gregoir is planned.

2. With the second boy, and MCU at the age of 9 months revealed a massive VUR on the left
side with posterior urethral valves and a right-sided terminal ureteral stenosis (Fig. 5). Following
repeated failure with reimplantations on both sides, the last on the left by a Boari-plasty, a defini-
tive Y-uretero-ureterocutaneostomy was carried out when the boy was 3 years old. Nine years
later, retrograde contrast radiography revealed gross dilatation of both renal cavities and consid-
erably shortened ureters (Fig. 6). At this time the bladder, which had been diverted for a long
period, had a maximum capacity of 20 ml. This could be increased to 150 ml by intermittent blad-
der dilatation with transurethral balloon catheters and regular saline lavage up to a maximal
hydrostatic pressure of 100 cm H,O. This enabled us to reimplant the right distal ureter without
prosthesis into the bladder that had been inactivated for 9 years (Fig. 7). Later MCU checks
showed a bladder of age-corresponding size without VUR and unimpaired micturition.

3. Our third patient, a boy, also had posterior urethral valves with secondary bilateral hydro-
nephrosis. He presented with urosepis and was aided by supravesical urinary diversion. When he
was 4 weeks old, a transurethral valve resection, ureteral reimplantation on the left side and exci-
sion of the scintigraphically functionless right kidney were performed in one session. Because of
recurrent ureteral stenosis on the left side, a cutaneous nephrostomy had to be established. After
the second reimplantation of the left ureter 8 months later, another stenosis developed; thus, the
bladder was inactivated for 2 years. When the boy was transferred to us at this age, he had a
stenosis of the left distal ureter covering a long distance and no peristalsis. The bladder had a
maximal capacity of 20ml (Fig. 8). Capacity could be increased to 80 ml by means of dilatation
treatment, enabling us to perform a renewed ureteral reimplantation. The long stenosis had to be
resected in order to avoid further recurrence. To bridge the long ureteral gap, we divided the
bladder laterally and brought the upper part of the bladder to the ureter, following a Psoas-Hitch
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Fig.13. Case 4: MCU 3 months after unilateral
reimplantation, which was performed following
5 months of bladder distention. Age-correspon-
dent bladder capacity, no VUR

procedure (Fig. 9). An i.v. pyelogram performed 3 weeks postoperatively revealed prompt drain-
age of the upper urinary tract after administration of furosemide, and we could finally remove the
nephrostomy catheter after more than 2 years (Fig. 10).

4. Considerable dilatation of both renal cavities and ureters was noted sonographically in a
newborn girl who was transferred to us because of anal atresia. Delimitation of the urinary blad-
der was missing on the ultrasound picture. An i.v. pyelogram performed when the girl was 4
weeks old confirmed bilateral hydronephrosis and the missing bladder exposure (Fig. 11). Retro-
grade contrast radiography revealed a highly hypoplastic bladder with a maximal capacity of 3 ml,
due to the fact that both ureters ended ectopically in the vestibulum vaginae; one of them is
shown here (Fig. 12). Careful bladder dilatation and unilateral ureteral reimplantation were per-
formed when the girl was 5 months old, and a control MCU performed 3 months postoperatively
showed normal, age-corresponding bladder size, enabling us to reimplant the other ureter with-
out difficulties. Since then the girl has been free of urinary infections, and she has no VUR
(Fig. 13).

Discussion

Shrinkage of the bladder in children is most frequently due to long-term detrusor
inactivation, which results either from ectopically ending ureters or from long-
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term suprapubic urinary diversion. Nephrostomies or cutaneous ureterostomies
are established mostly because better therapeutic concepts are lacking for bilat-
eral terminal ureteral stenoses or infravesical blockage of urinary drainage in new-
borns. If shrinkage due to inactivity of the bladder results, it is generally not be-
cause of loss of detrusor muscle, but rather because of an increase of connective
tissue between the contracted smooth muscle bundles. Normally, the texture of
detrusor muscle is maintained, as could be shown in biopsy specimens taken from
contracted infant bladders. The situation is different when recurrent inflammatory
episodes attack the bladder: according to Lome et al. (1972), transmural fibrosis
develops, rendering all attempts at dilatation impossible. For seven of his 30 chil-
dren with contracted bladders a permanent suprapubic urinary diversion there-
fore had to be established. He reports a permanent normalization of bladder
capacity if ureteral reimplantation can be carried out successfully; this is in accor-
dance with our own experience.

In contrast to Tanké and Kélmén, who perform bladder distention with adults
under epidural anaesthesia and with children under general anaesthesia, we pre-
fer the more time-consuming, but more careful procedure of continuous bladder
dilatation without anaesthesia; this has also been applied successfully by Perl-
mutter et al. (1975).

To prevent bladder shrinkage and its complications, long-term diversion of the
bladder must be avoided, even in severe cases. This means that surgical correction
must be carried out as early as in infancy, as is rightly emphasized by Hendren
(1970). However, an adequate technique is essential to avoid any risk of recurrent
stenosis following ureteral reimplantation. For this reason, a modified Cohen pro-
cedure, which we have performed successfully for years, is particularly suited in
newborns and infants (Gharib et al., in press).

If one is nevertheless confronted with a child who has a contracted bladder, a
permanent supravesical urinary diversion is not indicated, in our experience, un-
less an adequate hydrostatic bladder dilatation has been tried. Careful, long-last-
ing, intermittent bladder dilatation makes it possible to reintegrate the bladder
into the urinary drainage system and thus avoid a permanent suprapubic urinary
diversion.
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Problems in Severe Bilateral Urinary Tract Anomalies

O.H. Nielsen and J. Thorup

Summary

Management of children with severe infravesical or bilateral ureterovesical
obstruction with or without reflux is difficult. Our experience over 10 years in-
cludes 29 such children, 19 of whom presented in the first 3 months of life. At the
time of diagnosis, 13 had severe disturbance of renal function.

There were two deaths. Five children have severe and two a moderate reduc-
tion of renal function; twenty good renal function.

There were ten nephrectomies and four heminephrectomies. Seven patients
had a temporary and eight a permanent urinary diversion. However, four of the
latter were later undiverted.

Removal of an obstruction is not always followed by full restitution of func-
tion. It seems probable that renal dysplasia and developmental injury to the ure-
terovesical musculature set a limit to the therapeutic possibilities.

Careful management is important, especially in neonatal cases, where exten-
sive reconstructive procedures are technically demanding and the rate of compli-
cations is high.

Zusammenfassung

Die Behandlungsprobleme bei infravesikaler oder doppelseitiger ureterovesikaler
Obstruktion mit oder ohne Reflux sind groB. Unsere Erfahrungen iiber zehn
Jahre umfassen 29 Kinder, von denen 19 unter drei Monaten alt waren. Zur Zeit
der Diagnose hatten 13 schwere Nierenfunktionsstdrungen.

Davon sind 2 gestorben. Fiinf haben schwere und 2 leichte Reduktion der Nie-
renfunktion. Gute Nierenfunktion haben 20.

Zehn Nephrektomien und 4 Heminephrektomien sind ausgefiihrt worden.
Sieben Patienten haben temporire und 8 permanente Harnableitung bekommen.
Doch sind davon 4 spiter wieder riickoperiert worden.

Der Behebung einer Obstruktion folgt nicht immer eine vollige funktionelle
Restitution. Wahrscheinlich ist, da sowohl renale Dysplasie als auch Schidigung
der ureterovesikalen Muskulatur hiufig die Méglichkeiten der Therapie begren-
zen.
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Eine wohlgeplante Behandlungsstrategie ist wichtig, vor allem bei Siuglingen,
bei denen grofle rekonstruktive Eingriffe mit technischen Schwierigkeiten und
héufig mit Komplikationen verbunden sind.

Résumé

Le traitement des obstructions infravésicales ou urétérovésicales bilatérales avec
ou sans reflux pose des probleémes considérables. En 1’espace de 10 ans, nous
avons traité 29 enfants dont 19 4gés de moins de trois mois. Dans 13 cas, le diag-
nostique avait révélé une altération grave de la fonction rénale.

Il y a eu deux déces. La fonction rénale est gravement altérée dans cing cas,
légérement insuffisante dans deux cas et bonne dans 20 cas.

Dix néphrectomies et quatre héminéphrectomies ont été pratiquées. Pour sept
patients, il y a eu une dérivation temporaire de 1’urine et une dérivation per-
manente chez huit patients avec toutefois une réintégration dans quatre cas. La
levée de I'obstruction ne suffit pas toujours a rétablir complétement la fonction
rénale. Il est probable que la dysplasie rénale et les atteintes d’origine embryon-
naire de la musculature urétérovésicale limitent les possibilités thérapeutiques.

D’ensemble de la thérapie y compris les gestes thérapeutiques doivent &tre
soigneusement pesés, surtout quand il s’agit de nouveaux-nés, car les technqgiues
de reconstruction étendue sont extrémement délicates et le taux de complications
élevé.

Optimal management of children with severe bilateral or infravesical urinary tract
obstruction is important. The condition is a serious threat to renal function, and
such patients make a substantial contribution to the group of candidates for
dialysis and renal transplantation (Barratt and Baillod 1982).

Material and Methods

During the 10-year period 1976-1985, 29 children (23 boys and six girls) with
severe bilateral urinary tract anomalies were treated at the Department of Paedi-
atric Surgery, Rigshospitalet. Their age at the time of diagnosis was 0-3 years
(median: 6 weeks). Nineteen children presented within the first 3 months of life.
In Table 1 the patients have been listed in six diagnostic groups. The group
“Others” includes two children with bilateral duplication and combinations of
ectopic ureter, ureterocele, reflux and ureteral obstruction, one girl with myelo-
meningocele and severe neurogenic bladder dysfunction, one girl with adreno-
genital syndrome, urogenital sinus with hydrometrocolpos, unilateral single ectopic
ureterocele and contralateral reflux, and one boy with oesophageal atresia and a
urethroanal H-fistula.

The patients were evaluated with ultrasonic scan, intravenous pyelography,
micturition cystourethrography and renal scintiscan. The renal function was eval-
uated on the basis of renography, DTPA clearance and creatinine clearance.
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Table 1. Diagnoses in 29 cases of bilateral urinary tract anomalies

Megaloureter with bilateral vesicoureteral reflux

Megaloureter with bilateral vesicoureteral obstruction
Megaloureter with unilateral reflux and contralateral obstruction
Urethral valves

Prune-belly syndrome

Others

L7 TN S B R US T VA =

Table 2. Operative procedures in 29 cases of bilateral urinary tract anomalies

Ureteroneocystostomy 31
Nephrectomy 10
Heminephrectomy
Urethral valve resection
Temporary diversion
Permanent diversion

S0 NN A

Undiversion

The operative procedures employed are listed in Table 2. In principle, they
were directed against the primary pathology. Temporary diversion was not used
as a routine, but only when indicated by the combination of severe obstruction
and infection. The indication for nephrectomy was loss of function to a value
below 10% of total renal function.

Only major operations are listed, and the number of procedures, not ureters,
are counted. The majority of ureteral reimplantations were bilateral. Resection of
valves was done transurethrally, in three neonatal cases via a perineal urethros-
tomy.

Results

In the group of refluxing megaloureters all patients had ureteroneocystostomies,
in one case with ureteral tapering. In five cases a reoperation was needed; two of
these children had neuromuscular bladder dysfunction. There were no nephrec-
tomies in this group, but two patients with initially poor renal function are on the
verge of renal insufficiency. One of them had a permanent diversion but is now
undiverted on a self-catheterization regime.

Three of the four patients with obstructed megaloureters presented with severe-
ly reduced renal function. All had ureteroneocystostomies but were later diverted.
Two kidneys have been removed. One patient has been undiverted and another is
being prepared for undiversion. Two have severely reduced and one moderately
reduced renal function.
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One of the patients with megaloureters with mixed obstruction and reflux pre-
sented with poor renal function which is since somewhat improved. All three of
these patients had ureteroneocystostomies. Two kidneys were later removed —
both on the refluxing side. The third boy now has a Boari flap on the refluxing
side.

Three of the six boys with urethral valves had had a prenatal diagnosis of uri-
nary tract dilatation. Two others presented in the neonatal period and the last at
the age of 6 months. His valves, however, were found and resected much later.
One boy died at the age of 2 months of severe bilateral renal dysplasia. Two boys
had bilateral and one unilateral reflux; all three underwent nephrectomy. The
outflow has been normalized in the five survivors, although in two cases urethral
stricture required several internal urethrotomies, and ultimately urethroplasty in
one. The remaining kidney function is good in all.

One of the boys with prune-belly syndrome also had severely dysplastic kid-
neys. He died at the age of 3 months. The other boy, in whom urinary tract dilata-
tion was discovered prenatally, has had one dysplastic kidney removed. The func-
tion of the other kidney is reduced. Its ureter has been reimplanted twice, and it
is vented through a Soper-ureterostomy.

In the group of “Others”, one boy with bilateral duplication had two hemi-
nephroureterectomies, and a girl had one hemi- and one total nephroureterectomy.
The girl with myelomeningocele had massive bilateral reflux and received a uri-
nary diversion because of recurrent infections and incipient loss of renal function
on one side. She has now been undiverted and is on a self-catheterization regime.
The girl with adrenogenital syndrome had a neonatal laparotomy elsewhere,
caused by her hydrometrocolpos. She later underwent a left nephrectomy with
excision of the single ectopic ureterocele, right ureteroneocystostomy and vagino-
plasty. The boy with a urethroanal fistula underwent urethral reconstruction, but
since the function of his large bladder and wide ureters was poor he later received
a diversion. Although the two patients with ureteral duplication presented with
infection and reduced renal function, they both now have satisfactory renal func-
tion.

The summarized results for the entire group of 29 patients are: two deaths, 13
nephrectomies, four heminephrectomies, four remaining diversions, five patients
with severe and two with moderate reduction of renal function — i.e. 27 survivors,
22 of whom have a good quality of life.

Discussion

Children with severe bilateral urinary tract anomalies are a highly selected group,
dominated by boys. Their lesions are almost exclusively located at or below blad-
der level. Nonetheless, it is a highly heterogeneous group, from a pathological
point of view. Normal urinary transport is often difficult to attain, and it seems
probable that the muscular tissue of the ureters and bladder may be poorly devel-
oped or damaged in many cases, as a consequence of dilatation (Hanna et al.
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1977). Developmental injury may also be the cause of the poor renal function,
leading to many nephrectomies, or in the most severe cases to early death
(Diamond et al. 1984). In the survivors, a clinical distinction between renal dys-
plasia and pyelonephritic atrophy is mostly impossible.

Early diagnosis and optimal management therefore remain extremely impor-
tant in order to prevent additional functional damage. The majority of these pa-
tients present during the first months of life, and an increasing number are being
identified prenatally (Kramer 1983). Extensive urinary tract reconstruction in
neonates is technically demanding, and the rate of complications is high. This
group of patients will remain one of the greatest challenges to paediatric urologists.
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Double Ureter in Children: Surgical Management

M. H.Kheradpir and E. Bodaghi

Summary

Among 25 cases of double ureter which required surgical treatment, six were ac-
companied by ureterocele. Interpelvic anastomosis was performed in two cases
with uretero-ureteral reflux. En bloc reimplantation was performed for ten double
ureters, three of which had common ureteral orifice with reflux in both ureters. In
three other cases there was a common segment with low bifurcation and uretero-
ureteral reflux which had to be excised in order to create two ureteral orifices in
the bladder.

Heminephrectomy with excision of the ureterocele combined with a simul-
taneous reimplantation of the ipsilateral ureter was performed in three cases.
These cases were accompanied by a large ureterocele and reflux in the ipsilateral
ureter. Upper-pole nephrectomy and partial ureterectomy without excision of the
stump and ureterocele was performed in one case of small ureterocele without re-
flux. Excision of the ureterocele combined with en bloc reimplantation was per-
formed in one case with relatively well preserved renal tissues. Follow-up results
were satisfactory in the majority of the cases.

Zusammenfassung

Sechs der 25 Fille von Ureter Duplex, die chirurgisch behandelt wurden, zeigten
auch eine Ureterozele. In zwei Fillen mit uretero-uretralem Reflux wurde im
Beckenraum eine Anastomose durchgefiihrt. In 10 Fillen von Ureter Duplex
wurde eine Reimplantation “en bloc” durchgefiihrt. Drei davon hatten eine ge-
meinsame Ureter6ffnung mit Reflux in beide Ureteren. Bei drei anderen Fillen
fand sich ein gemeinsames Segment mit tiefangelegter Gabelung und uretero-
urethralem Reflux. Sie muflte exzidiert werden, um zwei ureterale (")ffnungen in
der Blase anzulegen.

In drei Fillen wurde eine Heminephrektomie mit Exzision der Ureterozele
und gleichzeitiger Reimplantation des gleichseitigen Ureters vorgenommen. In
drei anderen Fillen zeigte sich eine ausgedehnte Ureterozele mit Reflux in den
gleichseitigen Ureter. In einem Fall mit begrenzter Ureterozele ohne Reflux
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wurde eine Teilnephrektomie im oberen Bereich und eine Teilureterektomie
ohne Entfernen des Stumpfes und der Ureterozele vorgenommen. In einem Fall
mit relativ gut erhaltenem Nierengewebe wurden eine Exzision der Ureterozele
und Reimplantation “en bloc” durchgefiihrt. Die weitere Beobachtung zeigte in
den meisten Féllen zufriedenstellende Ergebnisse.

Résumé

Six des 25 cas d’uretére double ayant subi un traitement chirugical présantaient
aussi une urétérocele. Dans deux cas avec reflux urétéro-urétéral, on pratiqua une
anastomose intrapelvienne. Une réimplantation en bloc fut faite dans dix cas
d’urétére double, dont trois avaient un orifice urétéral commun avec reflux dans
les deux urétéres. Dans trois autres cas, il y avait un segment commun avec bifur-
cation basse et reflux urétéro-urétéral, qui fit ’'objet d’une excision pour pouvoir
créer deux orifices urétéraux dans la vessie.

Une héminéphrectomie avec excision de 'urétérocéle et réimplantation simul-
tanée de l'urétére ipsilatéral fut pratiquée dans trois cas. Dans trois autres cas, il
y avait aussi une urétéroceéle importante et un reflux dans 'urétére ipsilatéral.
Dans le cas d’une urétéroctle de moindre importance, sans reflux, nous avons
pratiqué une néphrectomie de 'extrémité supérieure du rein et une urétérectomie
partielle sans excision du moignon et de 'urétérocele. Nous avons aussi pratiqué
une excision de 'urétérocele et une réimplantation en bloc dans un cas ot les tis-
sues rénaux étaient relativement en bon état. Les patients ont été suivis et les ré-
sultats constatés ont été satisfaisants dans la majorité des cas.

Introduction

Various surgical procedures are discussed in the treatment of double ureter and
ureterocele. Our surgical management of such cases is presented here, along with
our reasons for choosing the particular methods.

Patients and Methods

During the years 1973-1982, 25 patients with double ureters, including six with
ureterocele, were treated at the Teheran University Children’s Hospital. Dis-
tribution by age and sex is shown in Fig. 1. At the same time, 30 cases of double
ureter with urinary tract infection were treated conservatively. The double ureter
appeared equally frequently on each side, and in four cases it presented bilateral-
ly. Bacteriological urine examination indicated Escherichia coli in the majority of
the cases and Klebsiella in a few of them. Surgery was indicated when the urinary
tract infection resisted medical treatment and when hydronephrosis appeared.
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Months Age in years
Table 1. Frequency of symptoms Table 2. Frequency of reflux
Before 2 years After 2 years Vesicoureteral reflux n=17
of age of age
In lower ureter 13
Fever Dysuria In upper ureter 1
Diarrhoea Flank pain In both ureters
Failure to thrive Fever
Abdominal mass Enuresis Ureteroureteral reflux n=10
Inflamed exterior genitals Cloudy urine With lower bifurcation 6
Hypertonia With middle bifurcation 4

The frequency of various symptoms according to age is shown in Table 1.
Table 2 shows the frequency of reflux among our 25 cases, and Table 3 gives the
surgical prcoedures performed.

Case Reports

An 8-year-old girl presented with recurrent urinary tract infection and right renal colic. An ex-
cretory urogram (Fig. 2) showed uretero-ureteral reflux with incomplete ureteral duplication. An
interpelvic anastomosis was performed on the right side. The results were satisfactory. Urinary
infection appeared again 6 years later, but this time the renal colic was observed on the left side.
Low bifurcation of the ureter was found on the left. The 3-cm-long common segment was re-
sected and an en bloc reimplantation was performed.

A blind-ending branch of a bifid ureter was found lying prevesically on the right side in a 7-
year-old girl (Fig. 3). We performed a resection and reimplantation of the ureter. The blind-end-
ing branch was 4 cm long and 7 mm wide.
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Table 3. Surgical procedures used for correction of double ureter

89

Procedure

Number
of patients

Heminephroureterectomy
Upper segment — combined with excision of ureterocele in three
Lower segment

Ureteral reimplantation
In three cases reimplantation of ipsilateral ureter after excision of ureterocele

En bloc reimplantation with vesicoureteral reflux
UCNST “en bloc”, type I

En bloc reimplantation with vesico-ureteral reflux in both ureters
UCNST “en bloc”, type I

En bloc reimplantation with lower bifurcation and uretero-ureteral reflux
UCNST “en bloc”, type 111

Interpelvic anastomosis

Primary nephrectomy, both segments

Secondary nephrectomy, previous heminephrectomy

Pyelolithotomy

8

5
3
6

W o= =N

UCNST = uretero-cysto-neostomy

Fig. 2. a Excretory urogram in an 8-year-old girl showing uretero-ureteral reflux with incomplete
ureteral duplication. On the right side the bifurcation is located in the middle and on the left side
it is prevesical. b Excretory urogram showing interpelvic anastomosis: right side after 7 years, left

side 1 year after en bloc reimplantation
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In a 2-month-old female infant with urosepsis, a cystogram revealed bilateral reflux in the
lower pole of bilaterally duplicated kidney and ureters. An excretory urogram (Fig.4) showed
ureterocele associated with a hydronephrotic upper pole of the left kidney. We performed resec-
tion of the ureterocele, repair of the defect in the bladder wall, and en bloc reimplantation of
both ureters in a single session. An en bloc reimplantation was also performed on the right side.

A 2-year-old boy presented with urosepsis and pyuria, severe hydronephrosis and hydro-
ureter on the left side. A large ureterocele was associated with the upper pole of the right kidney,
which was destroyed and not visualizable. A cystogram (Fig. 5) showed bilateral reflux, on the
right side to the lower pole, which had destroyed that half of the kidney as well. Nephrectomy on
the right and ureter reimplantation on the left were performed.

Discussion

In deciding on the operative treatment of double ureter, there are generally three
types to differentiate (Amar and Chabra 1970; Bettex 1965; Kelalis 1976; Maier
and Simonis 1969; Sigel 1971):

1. Bifid ureter with uretero-ureteral reflux.

2. Double ureter with cystoureteral reflux: In this case either both orifices lie in
the bladder with reflux in the lateral ectopic ureter, usually in the lower one,
or both ureters have a common ureteral orifice with reflux occurring in both.

3. Double ureter with ureterocele: The upper pole is usually hydronephrotic and
dysplastic, and the lower ureter is frequently accompanied by reflux.

Fig. 3. a Excretory urogram in a 7-year-old girl
with blind-ending branch of bifid ureter, demon-
strated by hyperdensity of contrast medium as
dilatation of the prevesical ureter. b Voiding
cystogram shows vesicoureteral reflux on right
side. Blind-ending branch of bifid ureter is visi-
ble. ¢ Resected specimen. Blind-ending branch
was 4 cm long and 7 mm wide
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Fig.3b, ¢
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Fig. 4. a Cystogram of a 2-month-old girl,
showing bilateral reflux in lower pole of
bilaterally duplicated kidney and ureter.

b Excretory urogram made 3 months after

surgery

For the first group of patients we used interpelvic anastomosis after Gibson and
Genton as the operative treatment (Genton 1966; Gibson 1957). Heminephrec-
tomy was performed when the kidney was severely damaged.

En bloc reimplantation after Bettex (Bettex 1965; Bettex and Kuffer 1969)
was performed as the operative treatment for the second group. In case of bifid
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Fig. 5. a Excretory urogram in a 2-year-old boy showing large ureterocele associated with upper
pole of right kidney, which is not visualized. b Cystogram shows bilateral reflux and displaced
ureter. ¢.Resected specimen: severely pyelonephrotic, atrophic kidney and severely dilated
double ureter
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ureter with low bifurcation, the common segment of the ureter was excised and an
en bloc reimplantation was performed (Bettex 1965; Bettex and Kuffer 1969).

There is some disagreement regarding treatment of ureterocele. Hendren and
Monfort (1971), Ericsson and Rhude (1957), Morger (1973) and Mildenberger et
al. (1967) all prefer a radical operation with total excision of the ureterocele, hemi-
nephroureterectomy and simultaneous reimplantation of the ipsilateral ureter.
They feel that the ureterocele and ureter stump are a source of infection and that
the lower pole is at risk from reflux. Malek et al. (1972), Kellalis (1976), Stephens
(1958), Hanson et al. (1984), Cobb et al. (1982), and Jenny and Herzog (1980) re-
commend heminephroureterectomy without excision of the ureterocele and ure-
ter stump. They stress the danger of the blood supply of the ipsilateral ureter.

Our surgical preference in the treatment of large ureterocele with reflux is the
radical approach. For the treatment of small ureterocele without reflux we prefer
heminephroureterectomy without excision of the ureterocele and ureter stump.

Infrequently, ureteroceles with well-functioning upper poles are found. In
such cases, Hendren prefers excision of the ureterocele, ureterectomy and high
pyelo-pyelostomy (Hendren and Monfort 1971).

In a 2-month-old girl with a relatively well preserved upper renal pole, we per-
formed an en bloc reimplantation with excision of the ureterocele. We prefer
ureterectomy with pyelo-pyelostomy when the ureter is severely dilated.

Among our patients was a 7-year-old girl with a blind-ending branch of a bifid
ureter. This is a rare anomaly in children and is found mostly in girls, and on the
right side (Albers et al. 1968; Kelalis 1976; Schultze 1967).
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Surgical Treatment of Bilateral Wilms’ Tumours
with Special Reference to Second Operations in
Metachronous Disease

W. Pumberger and P. Wurnig

Summary

We report on six patients with bilateral Wilms’ tumours (among them one pair of
siblings) who underwent surgery within a period of 20 years. Wilms’ tumours ap-
peared synchronously in three patients and successively in the other three. Case
reports are given for three of the six patients. The tumours have a remarkable
multilocular appearance, indicating a multilocular genesis. In this context, the
phenomenon of nephroblastomatosis is discussed. In addition to surgical treat-
ment, aggressive conservative therapy should be employed, particularly with
metachronous disease and the resulting acquired solitary kidney in these patients.

Zusammenfassung

Es wird tiber die chirurgische Therapie bei 6 Patienten mit bilateralen Wilms-
Tumoren berichtet (davon 1 Geschwisterpaar). Der Beobachtungszeitraum er-
streckt sich tiber 20 Jahre. Bei 3 Kindern wurde der Tumor synchron, bei 3 Kin-
dern nacheinander diagnostiziert. Drei dieser Patienten werden gesondert vorge-
stellt. Auffillig ist das gehduft multilokuldre Vorkommen der Tumoren, welches
auf eine multilokuldre Tumorgenese schlieBen 14Bt. In diesem Zusammenhang
wird auf das Phinomen der Nephroblastomatose eingegangen. Zusétzlich zur
chirurgischen Therapie bietet sich besonders bei metachronem Verlauf und der
dadurch bedingten Einnierigkeit ein konservativ aggressives Vorgehen als Thera-
pie der Wahl an.

Résumé

Il est fait état du traitement chirurgical de 6 patients atteints de tumeurs de Wilms
bilatérales (dont deux enfants de la méme fratrie). Ces patients ont été suivis pen-
dant 20 ans. Trois enfants présentaient les deux tumeurs dés 1’abord alors que les
trois autres les ont présentées successivement. Trois de ces cas sont détaillés ici.
On notera I'apparition fréquente de tumeurs multiloculaires qui indiqueraient une
genese multiloculaire. Dans ce contexte, on traite ensuite de la néphroblastomatose.
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11 semble alors que la thérapeutique de choix soit, outre le traitement chirurgical,
une thérapeutique conservatrice agressive, surtout dans le cas de ’apparition suc-
cessive des tumeurs et du rein unique qui en résulterait.

Whereas the treatment of unilateral stage I-IV Wilms’ tumours is to a large ex-
tent standardized and yields good results (Gutjahr 1981), no general rules of ther-
apy for bilateral Wilms’ tumours (stage V) exist. In stage V, there is bilateral
affection of the kidneys, either synchronous or metachronous. Four percent to
eleven percent of all Wilms’ tumours are stage V, and 67% of patients are less
than 2 years of age. There is a slight prevalence of male patients, familial appear-
ance is not uncommon, and the genesis is frequently multilocular. Owing to the
special characteristics of this group of patients, surgical treatment must be
adapted to the individual situation (Lago et al. 1985; Ragab et al. 1972; White et
al. 1976). The individuality of each case increases over the longterm due to
changes and further developments in surgery, radiology and chemotherapy.

Patients

From 1965 to 1985, six children with bilateral Wilms’ tumours underwent surgery
at the Mautner Markhof Children’s Hospital of Vienna (Table 1). Tumours were
diagnosed simultaneously in three children (cases 1-3, Table 1), although therapy
ensued successively in case 3 (preceding unilateral nephrectomy performed in

Table 1. Bilateral Wilms’ tumours (1965-1985), clinical data

Patient Age at time Interval Multi- Course
of diagnosis to diagnosis locular
1 II appear-
ance
Simultaneous
1) S.P., female, 4 years and - - Died of generalized
no. 15482/83 4 months metastases
2) S.1., female?®, 8 months - + At present (3 years)
no. 15422/83 free of recurrence
3) H.M., male, 4 years and 1 month + Unknown
Subsequent
4) R.D., male, 1.5 years 3 years and - Cured (20 years)
no. 11595/65 4 months
5) M.H., male, 5 months 11 months - Died 3 months later
no. 11596/73
6) F.I., male?, 4 months 14 months + Cured (13 years)
no. 5408/73

? Siblings
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another hospital). In three children diagnosis was made successively (cases 4-6),
whereby the longest time interval was 3 years, 4 months. In four cases the tumours
were discovered before the second year of life. Among our six patients were a pair
of siblings in whom diagnosis was made in the first year of life (cases 2 and 6).
Three cases will be described individually below.

Case Reports

Case 6. F.1., male, no. 5408/1973. The patient was diagnosed as having a tumour
in the right upper abdomen on the occasion of a herniorrhaphy at the age of 4
months. A right-sided tumour nephrectomy was carried out, revealing multilocular
invasion of the kidney with two separate tumour nodes (3 and 5cm in diameter).
Histology showed a mixed-type nephroblastoma.

Postoperatively, the boy was given actinomycin D but no irradiation. He pre-
sented 14 months later with a fist-sized tumour in the left medium abdomen. An
i.v. pyelogram showed compression of the left renal cavity from above and below.
Preoperative chemotherapy (actinomycin D) and irradiation effected consider-
able tumour reduction. Intraoperatively, two apple-sized tumours at the upper
and lower pole were enucleated, the lower by complete enucleation and suturing
of the tumour bed, the upper only by morcellation (Fig.1a,b). Chemotherapy
and irradiation were continued (up to 2000 rads) postoperatively.

Today, the patient, aged 13 years, is free of complaints and has normal renal
parameters as well as good renal function as seen on the i.v. pyelogram (Fig. 1¢).
A review of roentgenograms disclosed a slight, scarcely recognizable change at
the upper renal cavity at the time of the first operation; this was, however, not
palpable, and ultrasonography was not yet available.

Case 1. S.P., female, 4 yrs, no. 15482/1983. An i.v. pyelogram disclosed the typi-
cal picture of a Wilms’ tumour, which was clearly palpable in the right upper ab-
domen, whereas only a slight impression of the left upper renal cavity could be
seen (Fig.2a). Palpation findings on the left side were normal preoperatively.
Ultrasonography revealed a tumour 2.5 cm in diameter within the left upper renal
pole (Fig.2b). These findings were confirmed on laparotomy; a tumour nephrec-
tomy was carried out on the right side, as was a tangential resection of the IVC for
tumour invasion of the renal vein at the junction with the IVC. The tumour on the
left side was enucleated from the upper pole. Histology showed a blastomatous
tumour with marked anaplasia. The girl died of generalized metastases a few
months later. It should be noted that tumours with vessel invasion tend toward
diffuse metastasis.

Case 3. H.M., male, 4.5 yrs, no. 20825/1984. This boy was nephrectomized be-
cause of a left-sided Wilms’ tumour in July 1984. At that time tumorous changes
at the right upper renal pole were suspected. The boy was transferred to us 1
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Fig.1a—c. Case 6, F.I., male, no. 5408/
73. a Intraoperative finding after lower
pole resection on the right side (double
arrow); tumour at the upper pole visible
(single arrows). b Sutured tumour bed.
¢ Postoperative i.v. pyelogram follow-
ing resection of tumour from upper and
lower renal poles

99
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Fig.2a,b. Case 1, S.P., female, no. 15482/83.
a Preoperative i.v. pyelogram: right, typical
deformation by Wilms tumour; left, slight im-
pression of the upper calices (arrow). Left tu-
mour could not be palpated preoperatively.

b Ultrasound picture of the left kidney: tumour
node 2.5cm in diameter at the upper pole
(arrows)

month later. Despite irradiation and chemotherapy, the tumour showed signifi-
cant progression. On laparotomy, three separate tumor nodes were found in the
right kidney (one fist-sized node at the upper pole, one 5cm in diameter at the
lower pole and a smaller node in the middle of the kidney). The nodes were ex-
cised by diathermy while the kidney was hypoperfused by clamping of the renal
vessels for 30min (Fig. 3a,b). There was good perfusion of the kidney after the
operation, and an i.v. pyelogram showed good renal function. Histology revealed
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blastomatous-type Wilms’ tumours without anaplasia in all three nodes. The fur-
ther course cannot be assessed since the boy lives far away.!

Discussion

Both in the literature (Heidemann et al. 1975; Lago et al. 1985) and among our
patients, there is a notable frequency of multilocular tumours. In five kidneys in
three children (cases 2, 3 and 6) discrete multilocular tumours were found. In the
context of multilocular affection, the phenomenon of nephroblastomatosis seems
to be of great importance (Heidemann et al. 1975); it is found in 30% —40% of all
patients with Wilms’ tumours. Nephroblastomatosis involves bilateral, multilocu-
lar changes of renal tissue on the basis of embryonic tissue (Bove and McAdams
1976). It can present as a nodular renal blastema (i.e. a nephroblastoma in situ),
as a metanephric hamartoma, or as a small monomorphic Wilms’ tumour 1-3.5cm
in diameter. Its practical significance lies in its potential premalignancy and in its
indication of bilateral occurrence (the familial appearance in siblings is very re-
markable).

If nephroblastomatosis is detected in a Wilms’ tumour of an excised kidney,
it can be an important hint at the existence of a second Wilms’ tumour. Excised
kidneys bearing Wilms’ tumour should be examined histologically for nephro-
blastomatous changes in their non-tumorous regions. There are various choices of
surgical therapy for bilateral Wilms’ tumours; in metachronous disease a unilateral
nephrectomy has already been carried out:

1. Bilateral tumor enucleation (Wiener 1976), almost always applicable if the
diagnosis is made simultaneously

2. Unilateral nephrectomy and contralateral heminephrectomy (mostly in meta-
chronous disease if tumour nephrectomy has already been performed).
Contralateral heminephrectomy can be modified as follows: tumour excision
by diathermy, cryosurgery or laser under temporary ischaemia (hypoperfusion)

3. Extracorporeal (cryosurgical) tumor excision and autotransplantation (bench
surgery; Anderson and Altman 1976; Lilly et al. 1975)

4. Uni- or bilateral renal transplantation, possible with both simultaneous and
successive diagnosis

Unilateral tumour nephrectomy had already been performed in all of our patients
with metachronous disease. When the tumour on the contralateral side was diag-
nosed in one case it was found to be inoperable, and the parents did not consent
to excision of the remaining kidney. In one other case a heminephrectomy was
carried out.

!pathohistology courtesy of Prof. Dr. Krepler, Pathological Institute (Dir., Prof. Dr. Holzner) of
the University of Vienna
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Fig.3a,b. Case 3, H.M., male, no. 20825/84. State after tumour nephrectomy on the left side,
subsequent operation on the right. a Intraoperative situs, multilocular nodes (arrows). b Three
tumour nodes removed from the right kidney. Bar = 2cm

Before ultrasonography and computer tomography became available, bilateral
appearance was not diagnosed in 30% of cases. Table 2 gives our surgical proce-
dures in cases of synchronous disease.

Young age, multilocular occurrence and a possible metachronous course re-
quire exact consideration of the individual situation. Despite advancements in
surgical techniques (Anderson and Altman 1976; Lilly et al. 1975; deMaria et al.
1979), conservative surgical procedures seem to be the methods of choice even
today (Lago et al. 1985; Ragab et al. 1972; White et al. 1976; Wiener 1976). This
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Table 2. Surgical treatment in cases of synchronous appearance

1. S.P., female, Right side Tumour nephrectomy and tangential resection of IVC
no. 15482/83 Left side Tumour enucleation
2. S.1., female, Right side Tumour nephrectomy
no. 15422/83 Left side Lower pole resection and enucleation of a second,
smaller node
3. H.M., male, Left side Tumour nephrectomy
no. 20825/84 Right side Enucleation of three nodes of different sizes

under hypoperfusion for 30 min

does not necessarily mean that radical excision of the tumour at any price is re-
quired (Bishop et al. 1977); subsequent to surgery, irradiation and chemotherapy
can be applied with good results in stage I-IV Wilms’ tumours.
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Infants with Posterior Urethral Valves:
A Retrospective Study and Consequences for Therapy

H.Mildenberger, R. Habenicht, and H. Zimmermann

Summary

This is a report on the follow-up data of 18 patients with posterior urethral valves
diagnosed during the first year of life. One infant died of progressive renal failure;
a slight elevation of serum creatinine levels in three children aged 4—6 years indi-
cated a doubtful prognosis. On initial examination, ten patients showed severe
unilateral or bilateral reflux. Seven of 14 refluxing units remained non-functioning
and had to be removed. Following transurethral fulguration of the valves, five in-
fants developed unilateral or bilateral reflux which was not evident on initial
preoperative voiding cystograms. In contrast to those in other series, none of
these refluxes ceased spontaneously. Ureteral reimplantations were done on 11
ureters of eight patients, but regression of ureteral dilatation postoperatively re-
mained unsatisfactory in six instances, none of whom had a true mechanical ob-
struction. We conclude that many of these megaloureters encountered in infants
with posterior urethral valves are concomitant with profound and often irrever-
sible damage of the ureter wall. Surgery of such ureters, therefore, should be
avoided whenever feasible.

Zusammenfassung

Es wird eine katamnestische Untersuchung iiber 18 Patienten mit posterioren
Urethralklappen vorgelegt, bei denen diese Diagnose bereits im Neugeborenen-
oder Sauglingsalter gestellt worden war. Eines der Kinder verstarb an progredien-
tem Nierenversagen, wihrend bei 3 Kindern eine leichte Erh6hung des Serum-
kreatininwertes eine zweifelhafte Prognose erkennen lie. Zehn der Kinder zeig-
ten bereits bei der initialen MCU-Untersuchung einen massiven ein- oder beidsei-
tigen Reflux. Sieben der 14 refluxiven Ureter-Niereneinheiten blieben funktions-
los und muBten entfernt werden. Nach der transurethralen Elektrofulguration der
Klappen trat bei 5 Sduglingen ein- oder beidseitig ein Reflux auf, der bei der Pri-
méruntersuchung noch nicht nachweisbar war. Im Gegensatz zu den Beobachtun-
gen anderer Autoren, verschwand wihrend der Beobachtungszeit kein Reflux
spontan. Bei 8 Patienten wurden 11 Ureter neu in die Blase implantiert. Jedoch
blieb der Riickgang der Ureterdilatation postoperativ bei 6 dieser Ureter ungenii-
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gend, obgleich eine mechanische Obstruktion in keinem Fall nachgewiesen wer-
den konnte. Wir schlieBen daraus, daB bei vielen dieser mit posterioren Urethral-
klappen vergesellschafteten Megauretern eine tiefgreifende und oftmals irrever-
sible Schidigung der Ureterwandstruktur vorliegt. Operationen an diesen Ure-
tern sollten deshalb soweit als nur méglich vermieden werden.

Résumé

1l s’agit d’'une étude des données obtenues en suivant 18 patients porteurs de
valves urétrales postérieures, le diagnostic ayant été posé quand les patients
étaient nouveaux-nés ou nourrissons. Un des enfants est décédé 1'une néphro-
paralysie et dans le cas de trois autres, 4gés de 4 2 6 ans, une Iégére élévation du
taux de créatinine plasmatique assombrit le pronostic. Quand ils furent examinés
pour la premiére fois, 10 des patients présentaient un reflux grave unilatéral ou
bilatéral. 7 reins avec reflux sur 14 continuérent a ne pas fonctionner et durent
faire I’objet d’une ablation. Aprés électrofulguration transurétrale des valves, un
reflux unilatéral ou bilatéral apparut dans le cas de 5 nourrissons ce qui n’était pas
décelable lors du premier examen. Contrairement aux observations rapportées
par d’autres auteurs, aucun reflux n’a disparu spontanément. Dans le cas de 8 pa-
tients, 11 uretéres ont été implantés dans la vessie.

Dans six cas, la réduction post-opératoire de la dilatation de 1'uretere ne fut
pas suffisante et ce, malgré I'absence de toute obstruction mécanique. Nous en
concluons que dans beaucoup de ces méga-ureteres associés a des valves urétrales
postérieures, il s’est produit une lésion souvent irréversible de la structure
pariétale de 'uretere.

Il faut donc autant que possible éviter de pratiquer des interventions sur ces
ureteéres.

A high rate of complications and failures in the surgical treatment of ureters in in-
fants suffering from posterior urethral valves (Atwell 1983; Bachman et al. 1985)
requires a restrictive indication for operative corrections (Evins and Lorenzo
1979; Saalfield et al. 1976). We hereby report our experience in applying such a
restrictive strategy in our patients during the period from 1978 to 1984.

Patients

The study group consisted of 18 patients who presented during the first year of
life, predominantly during the neonatal period. At hospital admission 11 patients
were less than 1 week old, two were 2 and 4 weeks old, respectively, and five pre-
sented between 1 and 12 months of age.

Presenting signs of study patients are listed in Table 1. In five cases the main
symptom was a “tumour” in the lower abdomen, usually associated with urinary
retention and/or a poor urinary stream. In eight cases urinary tract infection, in-
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Table 1. Presenting sign in 18 infants with posterior urethral valves

Bladder tumour 5
Septicaemia, renal failure 5
Urinary tract infection 3
Bilateral pneumothoraces 1
Prenatal diagnosis 3
Accidental finding at abdominal ultrasonography 1
Table 2. Creatinine determination on Table 3. Frequency of reflux in 18 infants
admission (pmol/1)
Unilateral
No. of patients — left 3

Below 60 7 — right 3

60— 99 3 Bilateral 4
100-199 3
200 and more 5

cluding five cases of septicaemia and azotaemia, was the presenting symptom.
The diagnosis of posterior urethral valves had been suspected on prenatal ultra-
sonography in three cases. One newborn with respiratory distress was found to
have bilateral pneumothoraces, a not unusual finding in newborns with urethral
valves (Nakayama 1986).

Normal renal function was found in seven infants (Table 2). In contrast, there
was a significant impairment of renal function as assessed by increased serum
creatinine in five patients. One of the infants in this subgroup died of progressive
renal failure at the age of 3 months.

Severe unilateral vesicoureteral reflux was found on initial voiding cystogra-
phy in six infants, and four patients were found to have bilateral reflux (Table 3).
The kidneys in five of six patients with unilateral reflux were nonfunctioning, and
they did not regain any function after operative diversion. These five kidneys
were ultimately removed. One of the unilateral refluxes occurred into a ruptured
kidney with a large perirenal extravasation (Fig. 1): this kidney was found to take
up function almost immediately after bladder drainage. Four of the five nephrec-
tomized children showed normal kidney function according to their creatinine
level (below 70 umol/l) and a normal renal iodohippurate sodium I 123 scintiscan
at follow-up 1-6 years after operation. One patient, however, was found to have
a creatinine level of 101 pmol/l and an impairment of his creatinine clearance to
45 ml/min/1.73 m? at the age of 6 years. Therefore, his prognosis regarding renal
function seems doubtful (Warshaw et al. 1985).

Two of four patients presenting with bilateral refluxing ureters on initial ex-
amination each had one nonfunctioning kidney, and nephrectomy had to be per-



Infants with Posterior Urethral Valves 107

Fig. 1. Spontaneous rupture of right kidney:
extensive perirenal extravasation

Fig. 2. Bladder evacuation
via refluxing ureter and
“chimney” ureterostomy, re-
sulting in a dry urethrotomy
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Table 4. Indications for ureteral reimplantation in eight patients

Dry urethrotomy 3
Severe persisting reflux
Obstructive bladder diverticulum 1

Fig. 3. Severe bilateral reflux despite pro-
longed bladder drainage

formed. Both of these show a low-degree renal insufficiency (creatinine 90 pmol/1
and 130 pmol/1 respectively) at the age of 4 years. The other two are presently in
good health; one, however, has a reduced global renal function to about two
thirds of normal values, as measured by renal scan.

Another observation in respect of reflux deserves mention. It was our inten-
tion to remove the urethral obstruction early in the course of treatment, and there-
by to achieve early functional training of the bladder. Following transurethral ful-
guration of the valves, a reflux was found in five infants which had not been ob-
served on initial examination. These new refluxes occurred in about every third
ureter which had not been refluxing previously. If we take into account the fact
that some of these patients had a “chimney ureterostomy” for renal protection,
these new refluxes effected a bladder evacuation via refluxing ureter and uretero-
stomy (Fig. 2), resulting in a “dry urethrotomy”. This, in turn, was accompanied
by the danger of a urethral stricture (Crooks 1982), and, indeed, we saw one al-
most complete urethral occlusion. We therefore did a reflux-preventing ureteral
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Fig. 4. Massively dilated ureters 6 months
after ureteral reimplantation; same case as
in Fig.3

Table 5. Surgical strategy followed in 18 patients

109

Number Prognosis
of patients A
Good  Doubt- Died
ful
Valve fulguration only 7 6 1
with/without ureterostomy
Valve fulguration 3 2 1
with/without ureterostomy
plus nephrectomy
Valve fulguration 1 1
plus unilateral ureteral reimplantation
Valve fulguration 3 3
with/without ureterostomy
plus bilateral ureteral reimplantation
Valve fulguration 4 2 2
with/without ureterostomy
plus nephrectomy,

plus ureteral reimplantation
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reimplantation, together with the reopening of the urethra. In this and two other
infants, a reflux-induced dry urethrostomy served as an indication for ureteral
reimplantation.

The last point to be mentioned is the evaluation of ureters which need to be
reimplanted (Table 4). In our patients none of these severe refluxes ceased spon-
taneously during an observation period of between 12 and 21 months. Therefore,
six ureters in four children were reimplanted for persisting reflux. In one case, a
reimplant was done for a large obstructing bladder diverticulum.

At follow-up examinations, three of 11 reimplanted ureters showed severe
dilatation, suggestive of a mechanical obstruction. Operative revision of these
ureters was done, but no obstruction was detected. Three other ureters exhibited
moderate postoperative dilatation; four regained a normal shape. One ureter still
showed reflux after surgery.

The voiding cystography of one of our patients at the age of 21 months is de-
picted in Fig. 3. Despite long-term bladder draining by cystostomy during the pre-
ceding 12 months, severe bilateral reflux persisted, and a ureteral reimplantation
was done. Six months after the operation, an i.v. pyelogram revealed massive
dilatation of both ureters (Fig.4). No mechanical obstruction was found at re-
exploration.

Finally, Table 5 presents a summary of the surgical interventions undertaken
in all our infant patients with posterior urethral valves.

Discussion

In planning the operative treatment for our 18 infants with posterior urethral
valves, the declared intention was to remain as conservative as possible and in
particular to avoid ureteral reimplantations, as these operations are known to
carry a high risk of failure (Atwell 1983; Bachmann et al. 1985). The follow-up
data presented here, however, clearly indicate that this goal was not achieved.

Seven of 18 patients had to undergo nephrectomy for a non-functioning kid-
ney. Reflux on initial examination evidently represents a grave prognostic sign
(Greenfield et al. 1983) regarding kidney function: 50% of the kidneys associated
with massive reflux did not regain any function following a high diversion, another
20% recovered to a limited extent only. Fairly good function, however, was found
in the case of a spontaneous kidney rupture. Thus, this case may be taken as an
argument in favour of the protective effect of such an event upon the involved kid-
ney (Adzik et al. 1985; Greenfield et al. 1982).

In contrast to the experience of other authors (Egani and Smith; Kurth et al.
1981; Vaage et al. 1974), we saw no spontaneous regression of severe refluxes in
our own patients. This is probably due to the stratification of our case material,
restricted to newborns and infants, i.e. an age-group which shows the most serious
sequelae of obstructive uropathy, among which damage to the ureterovesical
junction is often irreversible.
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Atwell (1983) reported a complication rate of nearly 50% following refashion-
ing and reimplantation of ureters, caused by “poor draining of the upper tract.”
[n our own group of patients, regression of ureteral dilatation following ureteral
reimplant was unsatisfactory in more than half of the cases. Ureteral motility,
probably, was equally compromised in these cases. We did not see progressive
ureteral dilatations postoperatively, but rather a slow improvement over months
and years. Still, this is in marked contrast to the almost invariably good results of
ureteral reimplantion done on primary megaloureters without urethral valves.

The data indicate that there must be profound damage to the microstructure
of the ureter wall, which proves to be irreversible in some cases of posterior urethral
valves (Hanna et al. 1977). It is not clear at present whether or not such structural
damage signalizes a strict contraindication for ureteral reimplants, even in cases of
severe persisting reflux (Bachmann et al. 1985).

In severely impaired infants with posterior urethral valves, a percutaneous
nephrostomy or a high “chimney” ureterostomy serves as an effective way to de-
compress the obstructed kidney (Egami and Smith 1982; Evins and Lorenzo 1979;
Saalfield et al. 1976). Both methods, however, are prone to result in a “dry urethro-
tomy” following fulguration of the valves, if there is an accompanying refluxing
ureter (Crooks 1982; Myers and Walker 1981). Our follow-up data suggest that it
may be better strategy in most cases to do a vesicostomy (Egami and Smith 1982;
Zaontz 1984) without direct decompression of the kidney and, in case of reflux,
to postpone fulguration of the valves.
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Microvascular Autotransplantation
of Intra-abdominal Testes

P.Frey"? and A.Bianchi!

Summary

In the period between 1981 and 1987, 23 microvascular autotransplantations of
intra-abdominal testes were performed on 18 patients at the Royal Manchester
Children’s Hospital. Nineteen testes [82.6%] were successfully revascularised;
however, four [17.4%] became partially or totally atrophic. Early surgery is re-
commended — well before the age of 2 years, prior to the onset of testicular dam-
age, in order to reduce the risk of infertility. Although the early results are very
encouraging, only long-term, postpuberty follow-up regarding both fertility and
malignancy can determine the value of testicular autotransplantation.

Zusammenfassung

Zwischen 1981 und 1987 wurden am Royal Manchester Children’s Hospital 23
mikrochirurgische Autotransplantationen wegen Retentio testis abdominalis an
18 Patienten durchgefiihrt. 19 Testikel (82.6% ) konnten erfolgreich revaskulari-
siert werden; in 4 (17.4%) Fillen, stellte man eine teilweise oder vollstindige
Atrophie fest. Es wird empfohlen, den Eingriff vor dem zweiten Lebensjahr
durchzufiihren, bevor pathologische Veridnderungen am Hoden stattfinden kon-
nen, um dem Risiko der Infertilitét vorzubeugen. Obwohl die ersten Ergebnisse
sehr vielversprechend sind, miissen die Patienten langfristig beobachtet werden.
Nach der Pubertit soll die Fertilitit kontrolliert und eine maligne Entwicklung
ausgeschlossen werden, erst dann wird man den wirklichen Wert der Autotrans-
plantation der Testikel beurteilen kénnen.

Résumé

Entre 1981 et 1987, 23 autotransplantations microvasculaires de testicules intra-
abdominaux ont été pratiquées dans le cas de 18 patients au Royal Manchester
Children’s Hospital. 19 testicules ont été revascularisés avec succes, soit 82.6%,
mais quatre, soit 17.4%, se sont partiellement ou entieérement atrophiés.

!Department of Paediatric Surgery, St. Mary’s Hospital, and Royal Manchester Children’s Hos-
pital, Manchester, United Kingdom

2Current address: Kinderchirurgische Klinik, Universitits-Kinderspital Basel, Romergasse 8,
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Il est recommandé de pratiquer cette intervention bien avant ’age de deux
ans, c’est-a-dire avant que les testicules aient pu étre endommagés avec risque de
stérilité. Bien que les résultats soient trés encourageants a court terme, il y a lieu
de suivre les enfants au-dela de la puberté pour vérifier la fertilité et 'absence
d’évolution maligne et juger ainsi de la valeur de 1’autotransplantation des tes-
ticules.

Introduction

The incidence of cryptorchism is, according to Hadziselimovic (1987), 9.2% in
premature babies but 5.8% in full-term boys. Approximately 20% of undescended
testes are not clinically palpable (Levitt et al. 1978). They can be either intra-
abdominal, intracanalicular, atrophic, dysgenetic or absent; 5%—-9% of impal-
pable testes are indeed either intra-abdominal or absent (Scorer and Farrington
1971). In about 5% of such cases, conventional surgical procedures incorporating
extensive retroperitoneal dissection do not succeed in bringing the testis into a
scrotal position (Garibyan et al. 1984).

Several operative techniques have been developed to overcome this problem
and to avoid orchiectomy. High testicular vessel transection, as described by
Fowler and Stephens (1959), is the most commonly practised technique. How-
ever, it carries an unacceptable incidence of testicular atrophy of up to 50% (Gari-
byan et al. 1984). The drastically reduced testicular blood flow, relying only on
the artery of the vas deferens, might be sufficient to keep the testis viable but does
not guarantee its function (Giuliani et al. 1984).

Similarly, multi-stage orchiopexy as proposed by Corkery (1975) and other au-
thors (Firor 1971; Persky and Albert 1971), in which the testis is brought down
into the scrotum in stages, assuming spontaneous elongation of the cord, has
shown mixed success. It has been suggested that the additional vessel length
achieved by staged orchiopexy reflects inadequate retroperitoneal mobilisation at
the primary operation (Redman 1977).

The introduction of microvascular techniques added a new dimension to the
operative transposition of intra-abdominal testes. In 1976, MacMahon and co-
workers reported successful testicular autotransplantation in mongrel dogs. In the
same year, Silber and Kelly (1976) described a successful microvascular autotrans-
plantation of an intra-abdominal testis in a 9-year-old boy. Subsequently, several
series of successful autotransplantations of intra-abdominal testes were reported
(O’Brien et al. 1983; Upton et al. 1983; Garibyan et al. 1984; Giuliani et al. 1984;
Domini et al. 1985; Shiosvilli 1985).

The aims of the treatment of intra-abdominal testes should be:

1. Early transfer of the testis to the scrotum to preserve spermatogonia formation
and subsequent spermatogenesis

2. Preservation of hormonal function of the testicular tissue

Possible reduction of the risk of malignancy

4. Guarantee of a satisfactory cosmetic result and therefore minimisation of
psychological disturbances

w
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Patients

In the period between 1981 and 1987, 23 microvascular orchiopexies were per-
formed on 18 patients. Early results of the first ten cases were reported by Bianchi
in 1984. Five patients underwent bilateral procedures. In one child, prune-belly
syndrome and in another Noonan’s syndrome was diagnosed. In a further patient,
the ipsilateral vas and kidney were not present, and in one boy the contralateral
testis was congenitally absent. The mean age at primary diagnosis was 1.5 years,
(birth—6 years); however, the mean age at referral to the paediatric surgical centre
was 4.8 years (1 month—15.25 years). Seven patients had had previous exploratory
operations. Eleven patients underwent preoperative laparoscopy, confirming the
presence of intra-abdominal testes. Twelve intra-abdominal testes were found on
the right side and 11 on the left side. The mean age at operation was 7.4 years,
with an age range of 3.25-16 years.

Preoperative Assessment

If a unilateral impalpable testis is diagnosed, it cannot be assumed that it is neces-
sarily absent, as the incidence of monorchia is rare, occurring in one of 5000 males
(Burrow and Gough 1970). In case of bilateral impalpable testis, bilateral testicu-
lar absence is even more unlikely, as the incidence of anorchia, or true bilateral
gonadal agenesis, is extremely low, occurring in one of 20000 males (Burrow and
Gough 1970). Therefore, it always becomes necessary to search for an impalpable
gonad.

Laparoscopy is by far the most useful investigation, since it definitely confirms
the presence of an intra-abdominal testis with a short vascular leash, as well as de-
tecting a blind-ending vas in patients with monorchia, who do not require further
treatment. The procedure should be undertaken as an initial investigative event,
and further management should be planned on the basis of the laparoscopic find-
ings. The alternative of combining laparoscopy with surgical exploration may lead
to unnecessary loss of operative time in the event of monorchia or anorchia. In pa-
tients with bilateral non-palpable undescended testis, laparoscopy will be per-
formed only if the presence of testicular tissue has been demonstrated following
HCG stimulation.

Ultrasonography, computer tomography and magnetic resonance imaging can
be of additional value in detecting the presence and establishing the position of an
impalpable testis. Exploratory operations alone should no longer be performed.

Operative Technique

Through a laterally extended groin incision (Fig. 1) the inguinal canal is exposed
and the processus vaginalis — gubernaculum identified. The intra-abdominal tes-
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Fig. 1. A laterally extended groin incision gives sufficient exposure to allow a full retroperitoneal
dissection of the testicular vessels

Fig. 2. Testis (T) after full dissection of testicular vessels (TV) and vas (V). Note extremely short
vascular leash

tis is brought to an extraperitoneal position and the peritoneum is closed. A full
retroperitoneal dissection of the testicular vessels follows, extending approxi-
mately to their origin. Figure 2 shows the testis on the fully dissected short vascu-
lar leash and the vas deferens. The inferior epigastric vessels are exposed and
carefully dissected, using the operating microscope. To gain vascular pedicle
length, their division is performed high, beneath the m. rectus abdominis. The tes-
ticular vessels are divided high, near their origin. The vessel ends are flushed with
heparin solution (10 units to 1ml normal saline); no systemic antithrombotic
agents or hypothermia techniques (Shiosvilli 1985) are used. Under magnifica-
tion, the testicular artery is anastomosed to the inferior epigastric artery by end-
to-end anastomosis using interrupted 10-0 Ethilon sutures on a 3.75-mm, 75-um
needle (W2870). The testicular vein is similarly anastomosed to an inferior epi-
gastric vein (Figs. 3 and 4). The vas is mobilised sufficiently to allow the testis to
be placed in a extra dartos pouch without tension. It is occasionally necessary to
undertake a full pelvic dissection of the vas to achieve a low scrotal position. A
wedge testicular biopsy is performed after revascularisation, thus also allowing a
macroscopic assessment of testicular blood flow (Fig. 5). The wound is then closed
in layers. Prophylactic antibiotics are administered for 5-7 days postoperatively.
Figure 6 schematically illustrates the pre- and postoperative anatomy.
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Fig. 3. Testicular artery (TA) anastomosed to inferior epigastric artery; testicular vein (7V) anas-
tomosed to inferior epigastric vein. Note difference of vascular diameter

Fig. 4. Close up of anastomoses: testicular artery (TA) — inferior epigastric artery (IEA); testicu-
lar vein (TV) — inferior epigastric vein (IEV). Note that arteries are still clamped

Fig. 5. Macroscopical assessment of blood flow
after revascularisation of the testis by incision
of the tunica albuginea
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Fig. 6. Anatomy of testes, vas and
testicular vessels before (pre) and
after (post) microvascular auto-
transplantation

Results

The mean duration of surgery was 4h. The mean testicular ischaemia time was
1.6h; however, with experience the operating time was reduced to 2.5-3 h, the
ischaemia time to approximately 1h.

The mean diameter of the testicular artery was 0.6 mm (0.3—-0.8 mm) and that
of the inferior epigastric artery 1.1 mm (0.8-1.5mm). The testicular vein showed
a mean diameter of 1.3mm (0.8-3mm) and the inferior epigastric vein 1.0mm
(0.5~1.5mm).

Despite the difference in vascular diameter, especially of the arteries, end-to-
end anastomosis was possible in all but one case. The immediately postoperative
blood flow, macroscopically assessed by bleeding after incision of the tunica albu-
ginea (Fig. 5), was brisk in 21 cases (91% ), acceptable in one case (4.5% ) and not
present in one (4.5%) further case. The average time of hospitalization was 5.9
days, varying from 4 to 10 days.

The follow-up period varied from 1 month to 5.9 years; the mean was 3.3
years. The results of the most recent Doppler flowmetry showed good pulsation
over 19 testes (83%) and good pulsation over two testicular arteries (8.5% ); how-
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ever, despite successful microvascular anastomosis, there was failure of testicular
development. A further two testes (8.5%) showed reduced or absent pulsation.
Following surgery, the size of 17 testes had increased (73.9%), that of two was
equal (8.7%), and that of four had decreased (17.4%).

Histological examination of the intraoperative biopsies showed, in all but two
cases, the typical picture of underdeveloped testicular tissue with absent sperm-
atagonia. Follow-up histology was performed in only three cases, partly for ethical
reasons, but also because its value is questionable prior to puberty. One biopsy,
performed 5 months after surgery, showed no histological alteration; a second, 7
months postoperatively, demonstrated a mild improvement in tubular diameter
and Sertoli-cell hyperplasia. The biopsy of the third patient, who is in mid puberty,
demonstrated improved histology, in that there was an increase in tubular diame-
ter and many healthy-looking Leydig cells were present (not present on the origi-
nal sections). However, active spermatogenesis was still not seen 1 year post-
operatively. The patient and operation data are shown on Table 1, the follow-up
results summarised in Table 2.

Discussion

The clinical feasibility of microvascular transfer of intra-abdominal testes is now
widely accepted; nevertheless, testicular autotransplantation should be limited to
experienced and specialised surgical centres.

In younger children, microvascular anastomosis of vessels with a diameter of
at least 0.3 mm no longer represents an insoluble problem. Based both on this and
on the histological findings in older children showing severely underdeveloped or
damaged gonadal tissue, we are in favour of early operation for intra-abdominal
testes to allow testicular development in an optimal scrotal surrounding. This is
reinforced by Hadziselimovic’s findings (F. Hadziselimovic, personal communica-
tion, 1989) that testicular damage resulting in compromised fertility occurs after
the second or, in patients with intra-abdominal testis, even after the first year of
life. The scrotal positioning of the undescended testis also decreases the incidence
of torsion (Bianchi 1984; O’Brien et al. 1983). Unfortunately, there is still a con-
siderable delay in the diagnosis and referral of patients with cryptorchid testes
(a mean of 3.3 years in our series).

Despite the higher risk of malignant changes in intra-abdominal testis (Hin-
man 1979), we do not favour orchiectomy, since the effect of orchiopexy with re-
turn of full blood supply before 2 years of age is still unknown. Furthermore, the
scrotal testis can be easily examined and testicular changes can be detected early.
All patients who have undergone orchiopexy should be taught self-monitoring by
regular testicular palpation. Pike and co-workers (1986) state that the age at
orchiopexy has no effect on the risk of testicular cancer. However, in their series,
only two patients were below the age of 2 years, the majority having had their
orchiopexy performed at 10 years or more. Orchiectomy for cancer prophylaxis in
patients with bilateral abdominal testis would also deprive the patient of most of
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Table 2. Follow-up results

P. Frey and A.Bianchi
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his endogenous testosterone production and would require permanent hormonal
substitution. It could be argued that after successful autotransplantation orchi-
ectomy of the remaining intra-abdominal testis should be performed. However, in
our experience, patients with bilateral intra-abdominal testes who have under-
gone one autotransplantation insist on having the contralateral side operated on.

Despite the possibility of implantation of a testicular prosthesis, the psycho-
logical effects of orchiectomy should not be underestimated. A further reason for
early restoration of a normal genital appearance, by orchiopexy under any cir-
cumstances, is the prevention of an abnormal psychosexual development of the
child (Garibyan et al. 1984).

No doubt, only very carefully set up protocols and long-term postpuberty fol-
low-ups, regarding fertility and malignancy as well as psychosexual development,
can assess the value of microvascular testicular autotransplantation.
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Role of the Kock Pouch in Adolescent Urology

J. Cumming and C.R.J. Woodhouse

Summary

Although cutaneous urinary diversion will continue to have a place in some
urological diseases, some patients may benefit from an undiversion. The Kock
pouch with a continent reservoir is an alternative where conventional undiversion
to the bladder is impossible. Indications, pre-operative preparation, operative
technique, results and complications are outlined in detail. In the adolescent pa-
tient requiring urinary diversion the Kock pouch should be considered as the last
resort. Where reconstruction of the urinary tract is impossible, a continent urinary
reservoir by means of the Kock pouch may be indicated.

Zusammenfassung

Obwohl die kutane Urinableitung bei manchen urologischen Erkrankungen noch
ihren Stellenwert behilt, ist die Riickverlagerung der kutanen Urinableitung bei
manchen dieser Patienten indiziert. Hier kann ein sog. Kock-Pouch mit Konti-
nenz-Reservoir zur Anwendung kommen, wenn die konventionelle Riickverlage-
rung in die Blase nicht mdglich ist. Indikation, prioperative Vorbereitung, Ope-
rations-Technik, Ergebnisse und Komplikationen sind im Detail beschrieben.
Beim Adoleszenten, der eine Urinableitung bendtigt, soll der Kock-Pouch als
ultima ratio dienen. Wenn die Rekonstruktion des Harntraktes nicht méglich ist,
kann ein Urin-Kontinenz-Reservoir mit der Kock-Pouch-Methode zur Anwen-
dung kommen.

Résumé

Bien que I'urétrostomie cutanée continue a étre employée dans le cas de certaines
affections urologiques, un replacement de cet abouchement est parfois indiqué
pour quelques uns de ces patients. On peut, dans ces cas, envisager une “Kock
pouch”, donc une poche pour recueillir les urines quand le réabouchement con-
ventionnel dans la vessie n’est pas possible. Les auteurs traitent en détails de
I'indication, du traitement préopératoire, de la technique opératoire, des résultats
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et des complications éventuelles. Chez les adolescents, la “Kock pouch” ne sera
utilisée qu’en dernier ressort. S’il est impossible de reconstituer les voies
urinaires, il faudra malgré tout mettre en place une “Kock pouch” pour recueillir
les urines.

Introduction

The indications for cutaneous urinary diversion in paediatric urology have
changed over the last decade or two, and in the past some patients have had diver-
sions constructed where, with our present knowledge, alternative procedures
would have been performed. Although cutaneous urinary diversion will continue
to have a place in paediatric urology, it is not without its long-term complications,
especially in the upper tract (Neal 1985; Snare et al. 1985; Pernet and Jonas 1985;
Orr et al. 1981). In addition, the psychological consequences are important, par-
ticularly in the adolescent who is developing and discovering an identity and body
image (Jones et al. 1980).

Some patients with cutaneous urinary diversion may be undiverted with the
appropriate measures, but there are many in whom a conventional undiversion to
the bladder (Gonzales et al. 1986) is impossible. In this group, a continent reser-
voir can be offered: the Kock pouch is one example.

Method
Construction of the Kock Pouch

The Kock pouch was originally intended to hold intestinal effiuent, with a conti-
nent outflow valve admitting a large-lumen catheter to allow drainage of the ileal
contents (Kock 1971). This pouch has been adapted for use as a urinary reservoir
(Kock et al. 1978a, 1982). The principle is to construct a urinary reservoir of
ileum. Two “non-return valves” made from intussuscepted ileum maintain conti-
nence and prevent ureteric reflux.

Preoperative Preparation

The patient is admitted 3 days before the operation for bowel preparation, full
blood count, serum electrolyte estimation and blood crossmatching. The bowel
preparation consists of a liquid low-roughage diet and magnesium sulphate (10 ml
hourly), continued until clear effluent is achieved. An enema is administered the
evening before the operation. Intravenous antibiotic prophylaxis (metronidazole,
500mg t.i.d. and cefuroxime, 750 mg t.i.d.) is started on induction of anaesthesia
and continued for 48 h.
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Operative Technique

Skinner et al. (1984) described the technique which we use. Eighty centimetres of
distal ileum is mobilised on its mesentery (Fig. 1). The antireflux nipples will be
constructed from 17 cm at each end of the ileum. The two middle sections of 22 cm
each are sutured together as a “U” and opened along its antimesenteric border
(Fig. 2). The antireflux nipples are constructed by creating an intussusception of the
middle of the terminal 17 cm so that the inverted nipple will be lying free within the
pouch. The important steps in the construction of the antireflux mechanism are:

1. The blood vessels in the mesentery supplying the apex of the intussuscepted
ileum are ligated and divided, and a window in the mesentery 5 cm in length is
created at this point. This devascularised section is more adherent on its
serosal surface and less bulky.

2. The serosal surface of the intussuscepted ileum is superficially incised with the
diathermy needle to stimulate adhesion.

3. Once the nipple has been intussuscepted it is held in position by four rows of
staples (Autosuture-GIA without a knife; Fig. 3).

4. A T35 stapler is passed into the space between the serosal surfaces of the ef-
ferent nipple and the posterior surface of the pouch. This fifth row of staples
attaches the nipple to the posterior wall of the pouch to reduce the risk of
blowing out the nipple (Fig. 4).

5. We have not used Marlex mesh around the base of the efferent limb in view of
the erosive potential experienced by other workers (Boyd et al. 1985). How-
ever, we have obtained polyglycolic acid mesh which has been sutured around
the base of the nipples to provide a more rigid support for the catheterising
channel and, more importantly, to fix the base of the nipple to the wall of the
pouch and the abdominal wall (Fig. 5). This reduces the risk of inversion of the
nipple and consequent leakage.

Fig. 1. Eighty centimetres of distal ileum is mobilised on its mesentery. The antireflux nipples will
be constructed from 17 cm at each end of the ileum
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Fig. 2. The two middle sections of 22 cm each are sutured together as a “U” and opened along the
antimesenteric border

Fig.3. Once the nipple has been intussuscepted it is held in position by four rows of staples
(Autosuture-GIA without a knife)

o

The central limbs, of 22 cm each, are closed to form the storage pouch (Fig. 6).
7. Finally, the ureteric anastomoses (Fig.7) are splinted with 6F catheters and
the pouch is drained continuously with a 28F Foley catheter for 6 weeks to
allow the adhesions around the serosal surface of the nipple to develop. The
patient then returns to hospital to learn the technique of catheterisation. The
pouch gradually expands over the next few weeks to a capacity of 400-1400 ml.

Mucus is produced in intestinal pouches and it drains satisfactorily, assuming a
reasonable production of urine is maintained. During the first 10-14 postopera-
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Fig.4. A T55 stapler is passed into the space between the serosal surfaces of the efferent nipple
and the posterior surface of the pouch. This fifth row of staples attaches the nipple to the pos-
terior wall of the pouch to reduce the risk of blowing out the nipple

Fig. 5. Polyglycolic acid mesh is sutured around
the base of the nipples to provide a more rigid sup-
port for the catheterising channel and, more im-
portantly, to fix the base of the nipple to the wall
of the pouch and the abdominal wall. This reduces
the risk of inversion of the nipple and consequent
leakage
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Fig. 6. The central limbs of 22 cm each are closed to form the storage pouch

Fig.7. The efferent limb is anastomosed to the skin and the afferent limb to the ureters. (The
ureteric anastomoses are splinted with 6F catheters)
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tive days, the Foley catheter is gently irrigated with sterile normal saline twice a
day, or more frequently if blockage should occur.

A variation on the Kock pouch has been described by Thuroff and colleagues
(1986) called the Mainz pouch. The main difference with the latter is that the
terminal ileum and caecum are used. The ureters are implanted into a submucosal
tunnel in the caecum. The outflow is controlled by a nipple valve as in the Kock
operation. The advantage of this is that the ureteric anastomosis is more satis-
factory, but the disadvantage is that haematological complications are likely from
vitamin B, malabsorbtion in the long term.

The Place of the Kock Pouch

In the adolescent patient requiring urinary diversion, the Kock pouch should be
considered as the last resort. Initially, reconstruction of the urinary tract should
be considered. Where this is impossible due to pelvic pathology or absence of the
bladder, then a continent urinary reservoir may be considered. We have experi-
ence of both the Kock pouch and the Mitrofanoff technique and favour the latter
in view of its simpler technique and more reliable results. However, the Mitro-
fanoff principle relies on using a small calibre tube as the catheterising channel
and a tunnelled anastomosis for continence (see Snyder, this volume). There still
remain some patients in whom the appendix or fallopian tubes are absent and
there is insufficient length of ureter. In these patients who wish to avoid a bag the
Kock pouch has its place. Despite the complications that some of our patients
have experienced, none has expressed a wish to return to the bag.

Complications

Only one centre in the world has built up a large experience with this procedure
(Boyd et al. 1985). The complication rate is high. In a series of 157 patients there
were three operative deaths. Early complications, principally fistulae, requiring

Table 1. Details of 12 patients who under- Table 2. Complications in patients as a re-

went the Kock pouch operation sult of the Kock pouch operation

No. Diagnosis No. Complication

9 Extrophy with urinary diversion 2 Efferent nipple inverting and dilat-

1 Bilateral obstructive megaureter, ing the 1?1pple and conduit
neuropathic bladder, cystectomy 1 Suture line leak
and ileal loop diversion 1 Stenosis of tip of efferent nipple

2 Myelomeningocoele, neuropathic 1 Urinary leak from uretero-ileal
bladder, cystectomy and ileal loop anastomosts

diversion 1 Anastomotic stenoses
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eight reoperations, developed in 24 patients. There were late complications, prin-
cipally valve failures causing incontinence, in 32 patients. In these 32 patients, 33
reoperations were required. Thus, in expert hands, the major complication rate is
35%. However, the majority of patients were undergoing radical cystectomy for
cancer at the same time. In 42 patients, who might be considered the “adolescent”
group, the Kock pouch was made for undiversion. It would be reasonable to ex-
pect a lower operative complication rate in younger patients, but the valve failure
rate is probably the same.

Our experience has been with twelve patients (Table 1). Eight have done well
in the short term, with no complications. Four have had major complications re-
quiring ten reoperations but are now well (Cumming et al. 1987; Table 2).

Results

Good results with the Kock pouch require meticulous care with the technique,
especially the steps detailed in the construction of the efferent nipple. Our experi-
ence and complication rate compares with that of other workers (Boyd et al. 1985;
Mansson et al. 1985) and our results have improved with experience. All our pa-
tients have been “adolescent” in that their original pathology was congenital, al-
though our oldest patient was 40 years old. None of the continent diversions have
been performed for malignancy. In Skinner’s department, 60 of the current total
of 250 cases have been for undiversion, most in young adults. The complication
rate in this group is lower than the average (D.G. Skinner, personal communica-
tion).

The benefit of the continent urinary reservoir is mainly the physical and psycho-
logical advantage of being rid of the collecting bag. For this reason it is important
that the patient is highly motivated.

It is known that, once established, the reservoir is a low-pressure system, with
consequent theoretical benefits to the upper tracts (Kock et al. 1978b). However,
confirmation of the beneficial long-term effects on renal function must await fur-
ther follow-up. The reservoir holds 400-1400 ml. Once established, the conti-
nence mechanism is reliable, even with stress, in 95% of patients (Boyd et al.
1985). It is emptied by catheter four to five times a day.

A theoretical disadvantage is the loss of 11% of the small bowel, and therefore
the loss of some of the absorptive function. However, this remains a theoretical
point as none of our patients have suffered from weight loss, diarrhoea or malab-
sorbtion in the maximum follow-up period fo 3 years. Metabolic and infective
complications have not been found in other series or in experimental models
(Kock et al. 1985b). The Kock pouch can be made to work, but with difficulty in
some patients. There is no doubt that patients with a working pouch much prefer
it to an external appliance.

Acknowledgements. We would like to thank Mr. Bartholomew and the Department of Medical
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aspects embryologiques et de ’anatomie du cloaque. Ce genre d’anomalie est
normalement identifié immédiatement chez les nouveaux-nés. Le traitement se
fait en regle générale en trois étapes: (1) examen et bilan des données anatomiques,
(2) intervention sur le nouveau-né et suppression des obstructions et (3) recon-
stitution chirurgical définitive. Le succés du traitement d’un enfant présentant une
anomalie du cloaque reste un défit majeur pour le chirurgien pédiatrique et il ne
manquera pas de le relever.

Introduction

The cloacal anomaly is characterised by the persistence of a common channel
draining the urinary, genital and alimentary tracts via a single perineal orifice. To
understand the complex anatomy of this lesion it is helpful to consider its embryo-
logical derivation.

Normal Embryology

The presence of a common channel or cloaca is a normal feature of the primitive
female embryo, but by 3% weeks a process of compartmentalisation has already
begun. The urorectal septum descends towards the perineum to separate the
cloaca into urogenital sinus anteriorly and rectum posteriorly — a process which
is complete by the 7th week (Fig.1). By the 8th week, the paired Miillerian
(paramesonephric) ducts have made their appearance and have begun to descend
caudally and medially in the direction of the urogenital sinus.(Fig. 2). The Miil-
lerian ducts will ultimately form the Fallopian tubes, uterus and major part of the
vagina. At 10 weeks the Miillerian ducts fuse and merge with the urogenital sinus
in the midline to form the Miillerian tubercle which, in turn, generates the cells of
the vaginal plate (Fig. 3). From the 10th to the 20th week the vaginal plate prolif-
erates, extends caudally and then canalises to form the vagina (Fig. 4). This pro-

Fig.1. Normal descent of urorectal
septum
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Fig. 2. Appearance of paired
Miillerian (paramesonephric)
ducts

Fig. 3. Formation of Miillerian
tubercle

Fig. 4. Proliferation and canalisation
of vaginal plate
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Fig. 5. Definitive female anatomy
established

cess is accompanied by change in the relative proportions of the urogenital sinus
above and below the Miillerian tubercle. The section of urogenital sinus above the
Miillerian tubercle increases in relative length to form the definitive urethra,
whilst below the Miillerian tubercle the urogenital sinus undergoes relative regres-
sion and is finally represented only by the introitus, the hymen and possibly by a
short length of distal vagina. The definitive female genital anatomy is established
by 20 weeks (Fig. 5).

Abnormal Embryology: Cloacal Anatomy

It is not difficult to envisage that the cloacal abnormality might arise from an early
failure of the urorectal septum to descend and compartmentalise the primitive
common channels. A persisting high fistulous communication between the rectum
and urogenital sinus would form a barrier to the migrating Miillerian ducts and
would prevent them from fusing normally in the midline (Fig. 6). This mechanism
is consistent with the observed association between vaginal and uterine duplica-
tion and cloacal abnormalities. The disordered embryology of cloacal malforma-
tions is considered in detail by Johnson et al. (1972).

In a typical term infant with a cloaca, the visible anomaly consists of the open-
ing of the urogenital sinus at the base of a rudimentary phallus in an otherwise fea-
tureless perineum. The internal anatomy of a high-confluence cloaca (Fig. 7) com-
prises a supralevator fistula connecting the blind-ending rectum to the upper por-
tion of the urogenital sinus. The vagina (which is frequently septate) forms the
third element of the confluence. Impaired drainage of the high vagina often re-
sults in the accumulation of secretions or retrograde filling with urine causing mas-
sive distension (hydrocolpos). Hydronephrosis and hydroureter is another rela-
tively common finding due either to gross vesico-ureteric reflux or to ureteric



Cloacal Maiformations: Embryology, Anatomy and Principles of Management 139

Fig. 6. Failed descent of uro-
rectal septum — sino-rectal
fistula preventing fusion of the
Miillerian ducts

Fig. 7. Internal anatomy of
high confluence cloacal
anomaly

obstruction from extrinsic compression (by the hydrocolpos) or intrinsic stenosis
associated with ectopic drainage.

The high-confluence cloacal anatomy represents the most severe manifesta-
tion of incomplete descent of the urorectal septum (Fig. 8). In a less severe form

genital and alimentary tracts may lie below the level of the levator mechanisms.
In some infants the abnormality is confined to the presence of a urogenital sinus
associated with an anterior ectopic anus. It is not clear whether a urogenital sinus
in the presence of a normally sited anus is part of the spectrum of urorectal sep-
tum defects or whether it represents a different embryological mechanism.
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Urogenital Sinus/ Urogenital Sinus/
Normal Anus Ectopic Anus

<

Low (Infralevator)
Confluence Fig. 8. Spectrum of cloacal anomalies

Clinical Presentation

Cloacal abnormalities are usually diagnosed promptly in the neonatal period fol-
lowing the discovery of a single perineal orifice. The absence of a hymen is an im-
portant diagnostic feature. Hydrometrocolpos may be evident as a visible or pal-
pable lower abdominal mass arising out of the pelvis.

Surgical Management
Surgical management can be conveniently divided into three broad phases:

Investigation: Defining the Anatomy. The aim of investigation is to establish the
level at which the urinary, genital and alimentary tracts fuse and to determine
their relationship to the levator ani and the urinary sphincter mechanism. In the
neonatal period this information is required to allow the surgeon to identify and
relieve any obstruction that is present. At a later stage more detailed investigation
will be necessary to plan definitive reconstructive surgery. The maximum amount
of anatomical information will be obtained by a combination of ultrasound imag-
ing, contrast radiology with screening (fluoroscopy) and direct visualisation by
endoscopy. However, despite the use of a full range of modern imaging tech-
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Fig. 9. Basics of reconstructive surgery: isolating rectum and vagina. UG, urogenital

niques the true anatomy of some of the more complex lesions may only become
apparent at the time of operation.

Neonatal Intervention: Relief of Obstruction. Almost every neonate with a cloacal
anomaly will require a defunctioning colostomy in the first few days of life. The
need to relieve obstruction in the urinary and genital tracts is sometimes less obvi-
ous. Hendren (1982) has stressed the role of unrelieved urinary tract obstruction
as a potent cause of death and morbidity in this condition. The urinary tract ob-
struction is often secondary to the hydrocolops. Therapeutic options include: (a)
intermittent catheterisation of the urogenital sinus, (b) exteriorisation of the
vagina in the neonatal period, e.g. the vaginal pull-through technique described
by Raffensperger and Ramenofsky (Ramenofsky 1980) and (c) suprapubic cystos-
tomy or nephrostomy. Although total correction of the defect in the neonatal
period has been described, it is the general view that reconstructive surgery is best
deferred until the child is around 6-12 months of age. Hendren (1982), with his
extensive personal experience of the management of this condition, cautions
against definitive surgery in the neonatal period, stating that “I have not seen a
case where that seemed to be the best course.” Therefore, once adequate drain-
age of the obstructed tracts has been established, most infants may leave hospital
pending their readmission for definitive surgery at a later date.

Reconstruction Surgery. The precise requirements of any reconstructive procedure
will depend upon the particular anatomy of the affected infant. Nevertheless,
most operations include the following basic components (Figs.9, 10; Hendren
1982; Ramenofsky 1980; Henchen 1980; Hecker 1985):

1. The vagina is separated from the urogenital sinus. It will then be necessary to
ensure that the vagina drains adequately into the perineum. This can be done
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Fig. 10. Basics of reconstructive surgery: vaginal reconstruction and rectal pull-through

by mobilising the vagina and taking it down to the perineum, e.g. by the vaginal
pull-through technique (Ramenofsky 1980) or by taking a generous posteriorly
based perineal flap up towards the high vagina. Alternatively, a combination
of both techniques may be required. Vaginal substitution, e.g. with a segment
of small or large intestine, may be necessary if the vagina is too high or too
small to be joined adequately to the perineum by the methods described
above. Vaginal substitution may also be necessary as a salvage procedure
where previous vaginal surgery has failed.

2. The fistula joining the atretic rectum to the urogenital sinus is divided. Some
form of abdomino-perineal pull-through procedure (high confluence cloaca)
or limited mobilisation and perineal pull-through (for a low confluence anom-
aly) will then be required.

3. The urogenital sinus is preserved to function as a urethra.

Assessing the Results of Surgery

The relative rarity of cloacal anomalies is such that only a handful of paediatric
surgeons are likely to acquire meaningful personal series of these cases during
their professional careers. Furthermore, the range of anatomical variants that
may be encountered and the number of different surgical options makes it dif-
ficult, if not impossible, to quantify the outcome of surgical intervention or to
compare the relative success rates of different techniques. Hendren (1982) re-
viewed 35 cases treated by him and concluded that “most can be reconstructed to
achieve satisfactory function.” Failed or unsuccessful reconstructive surgery may
result in life-long faecal and urinary incontinence (or cutaneous diversions) and a
denial of normal sexual and reproductive activity. Thus, the successful manage-
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ment of the child with a cloacal abnormality remains one of the greatest chal-
lenges to the paediatric surgeon.
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Genitoplasty for Congenital Adrenal Hyperplasia:
Anatomy and Technical Review

R.H. Whitaker

Summary

There is variable virilisation in female pseudohermaphrodites with congenital
adrenal hyperplasia, but they always have normal ovaries, uterus and upper part
of the vagina. The various anatomical stages of virilisation are outlined and a
historical review is given. For psychological and practical reasons it is generally
accepted that the operation should be performed when the patient is between 6
and 18 months of age. The aim is to reduce the size of the clitoris and to expose
the vagina so that it opens onto the perineum. Operative procedures are de-
scribed. The child is reviewed at intervals to determine the size and shape of the
vagina and clitoris. Adjustments can be made around the time of puberty but are
rarely necessary.

Zusammenfassung

Weibliche Pseudohermaphroditen mit adrenogenitalem Syndrome zeigen eine Vi-
rilisation verschiedenen AusmafBes, jedoch besitzen sie immer normale Ovarien,
Uterus und obere Vagina. Die Anatomie der einzelnen Virilisationsgrade wird
dargelegt und ein historischer Uberblick gegeben. Aus psychologischen und prak-
tischen Griinden soll die Operation anerkanntermaf3en zwischen dem 6. und 18.
Lebensmonat durchgefiihrt werden. Das Ziel der Operation ist eine Reduktion
der Clitorisgrofle und eine Darstellung der Vagina, so daB diese in den Damm
miindet. Die Operationstechniken werden beschrieben. Das Kind wird regelmi-
Big nachuntersucht, um die Gré8e und Form von Vagina und Clitoris zu verfol-
gen. Korrekturen konnen um die Pubertiitszeit vorgenommen werden, sind aber
selten erforderlich.

Résumé

Le pseudohermaphrodisme féminin avec hyperplasie surrénale congénitale en-
traine une virilisation plus ou moins prononcée mais les ovaires, ’utérus et la par-
tie supérieure du vagin sont normaux. Les auteurs décrivent les caractéristiques
anatomiques des différents degrés de virilisation et donnet un apercu de I’évolu-
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tion. Pour des raisons pratiques autant que psychologiques, cette intervention est
généralement pratiquée entre 6 et 18 mois. Elle visera a réduire la taille du clitoris
et a modifier le vagin de fagon a ce qu’il débouche dans le périnée. Les techniques
opératoires sont décrites. On suivra I’enfant et on pratiquera des examens réguliers
pour vérifier taille et forme du vagin et du clitoris. Il est possible, le cas échéant,
de procéder a des corrections a la puberté mais cela s’avére rarement nécessaire.

Introduction

There is variable virilisation in female pseudohermaphrodites with congenital
adrenal hyperplasia, but the ovaries, uterus and upper part of the vagina are al-
ways normal. Minimal virilisation comprises a slightly enlarged clitoris with fused
labia, whereas in severe virilisation the external genitalia may resemble those of a
normal cryptorchid boy. A description of the biochemical defects and their initial
management are outside the scope of this surgical review.

Anatomy

Figure 1a shows the anatomy in the least virilised female child, where the uro-
genital sinus is short and the urethra opens in an almost normal position. The

Fig.1.a Low confluence of vagina and
urethra in lesser degrees of virilisa-
tion. b High upper vagina connecting
through into the posterior urethra.
Severe form of virilisation
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vagina is easily accessible surgically. In some of these children with minimal
clitoral hypertrophy, little more is needed than a simple cutback. In Fig. 1b the
vagina enters the posterior urethra high up and this represents the severest form
of virilisation, in which the clitoris is usually large and the urogenital sinus may ex-
tend to the tip of the phallus and resemble a normal urethra. Fortunately, this lat-
ter type is rare, as the surgery is difficult and the results are less satisfactory.

Historical Review

Jones and Scott (1971) stated that Neugebauer reported incising the urogenital
sinus in 1908 but no reference was given. Young (1937) gave an accurate descrip-
tion of the condition and a procedure to deal with it. He incised the sinus verti-
cally and removed the clitoris completely, leaving a piece of ventral mucosa in its
place. Although Money et al. (1955) reported that the clitoris was not necessary
for orgasm, others believed that it should be kept and simply be recessed to a
neater shape and size. Thus, Lattimer (1961) described an operation for the relo-
cation and recession of the clitoris as an alternative to amputation. A slightly dif-
ferent operation was later reported by Randolph and Hung (1970).

Approximation of the cut edge of the perineum to the vaginal wall was a prob-
lem in these early operations, and Fortunoff et al. (1964) suggested a U- or V-
shaped flap, posteriorly based, to be inserted into the posterior aspect of the
vagina after its exposure. A further advance was proposed by Goodwin (1969)
who suggested that the glans should be preserved, but the corpora cavernosa
beneath is removed. However, Williams had already stated in his textbook
(Newns and Williams 1968) that this type of clitoral reduction, with a vaginoplasty
using the U-shaped flap, was his current technique.

Hendren and Crawford (1969) described in detail the problem of the high
vagina that enters the posterior urethra. They advocated a pull-through operation
for this rare form of virilisation to facilitate access to the vagina and to avoid the
risk of damaging the urinary sphincters.

In 1971, despite these advances, Jones and Scott (1971) were still advocating a
vertical perineal incision and a complete clitorectomy. However, they accepted
that a U-shaped incision was helpful in the difficult cases. Marberger (1972), as
quoted by Allen (1976), was the first to use the prepuce to reconstruct the labia.
He resected the clitoris, but was still using a vertical incision to expose the vagina.
Spence and Allen (1973) gave a clear description of their own technique but they
were still not using the prepuce for the labia.

The technique that many use today, described below, has evolved from the ex-
perience of several surgeons. Whitaker (1981) and Grant and Johnston (1982) dis-
cussed it without giving any historical details. Recently, attempts have been made
to simplify the clitoral reduction and Glassberg and Laungani (1981) suggested
that the phallus can be lessened in size by a series of wedge excisions. A more in-
genious approach was put forward by Kogan et al. (1983) who remove the erectile
tissue from within the corpora cavernosa, but otherwise leave the tunica intact.
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Surgical Management

For psychological and practical reasons it is now accepted that the operation
should be performed on patients between 6 and 18 months of age, but there is
some doubt as to whether the child with a high vagina should be operated so
young. Extra steroids, and perhaps salt, are needed throughout the operative and
postoperative period.

The aim is to reduce the size of the clitoris and to expose the vagina so that it
opens onto the perineum. To achieve the best access, the child should be placed
in the lithotomy position. In children with minimal virilisation a cutback may be
all that is necessary. This will separate the labia and expose the urethra. The
clitoris may, or may not, need reducing.

Vaginoplasty

For more severe forms of virilisation the approach is via a posteriorly based U- or
V-shaped flap (Fig. 2, 3). The sinus is then incised until first the urethra is exposed
and then, further back, the vagina is encountered (Fig. 3, 4). It is most important
to extend the incision in the posterior wall of the vagina until its widest part is
reached, as this lessens the risk of later stenosis (Fig. 4). The tip of the skin flap

Fig. 2. V-shaped incision with Fig. 3. Incision of the sinus Fig. 4. Exposure of the vagina
posterior base with incision up to its widest
aspect
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Fig. 5. Isolation of the glans with its dorsal neurovascular bundle and ventral mucosal strip. The
preputial skin has been incised in the midline

Fig. 6. The preputial skin has been sutured alongside the mucosal strip to give labia minora

Fig.7. Fogarty catheter in the high vagina
to facilitate later dissection

is then sutured into the posterior incision in the vagina with Dexon or chromic
catgut (Fig. 5, 6).

In the child with a high vagina opening into the posterior urethra, the connec-
tion must be identified endoscopically before surgery is commenced. A small bal-
loon catheter (Fogarty) can be inserted into the vagina and inflated, giving a good
guide for the identification of the vagina later in the procedure (Fig.7). In this
type of high lesion, the sinus is then incised until the normal position of the
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Fig. 8. The urethra is formed by the
posterior part of the sinus when
there is a high vagina. The skin flap
has been laid into the posterior part
of the opened vagina

urethra is reached. The skin edges are then sewn to the edges of the sinus to make
an external urethral meatus, and all the sinus above this point remains as the prox-
imal urethra. The dissection thereafter is all behind this area and the balloon is
identified high up in front of the rectum. An incision is then made in the most
anterior part of the vagina so that there is as much length as possible to suture to
the posterior skin flap. The bulky skin flap is spread around to cover as much of
the denuded area as possible within the vagina (Fig. 8). The lower, anterior part
of the vagina can be covered, at least to some extent, by the posterior limits of the
preputial skin.

Clitoral Reduction

The phallus is then reduced. The strip of mucosa anterior to the urethra is pre-
served together with the glans and the dorsal neurovascular bundle. An incision is
made around the glans, leaving a generous width of mucosa. This exposes the cor-
pora. The bundle is dissected off the dorsal aspect, together with a strip of tunica,
to avoid damaging it. Similarly, the ventral mucosal strip is dissected away from
the corpora. The corpora are then traced and dissected to their origins and ligated.
A small stub of corpora is left attached to the glans for ease of suturing it to the
under-surface of the pubic arch.

The preputial hood is divided at its midline and laid backwards to form the
labia minora (Fig. 6). In the child with a high vagina, the distal tips of the prepu-
tial skin can be used to line the anterior aspect of the vagina. It is fortunate that
in such children there is usually plenty of phallic skin for this purpose. A running
suture must be used for the anastomosis of the mucosa to the preputial skin as the
spongy tissue can, on occasions, bleed excessively.

A drain is necessary in each side of the wound for 24 h and a urethral catheter
for about 3 days. The vagina is packed with vaseline gauze for 48 h and, as soon as
it is removed, vaginal dilatation is commenced with a small plastic dilator until the
whole wound is fully healed, which takes approximately 1 month.
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Follow-up

The child is reviewed at intervals and, around the time of puberty, the area is in-
spected under anaesthesia. The size and shape of the vagina and clitoris are deter-
mined. Adjustments can be made at this stage, but are rarely necessary. A clitoris
that seemed too large at the time of the operation often looks more satisfactory
later.
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Surgical Correction
of Virilised Female External Genitalia

J.Engert

Summary

Recent investigations and reports on late results indicate that vaginal orgasm is
more the exception than the rule, so that, for a woman, preservation of clitoral
sensitivity is essential to a satisfying sexual life. All techniques involving total
clitoridectomy, plastic imitations, or displacement of the clitoris under the sym-
physis must therefore be discarded. Even if plication or trapping of an enlarged
clitoral shaft under the mons veneris can be regarded as sensitivity-maintaining
procedures, they nevertheless do not yield satisfactory results, since painful sensa-
tions or a feeling of pressure may occur during erection. Hence, reduction-plasties
should use techniques which shorten the erectile parts of the clitoris and reduce its
size, while still maintaining sensitivity. Good cosmetic and tactile results may be
achieved by means of selective excision of the corpora cavernosa and lateral
clitoral excisions. Reconstruction of the labia minora out of clitoral shaft skin is
combined with separate creation of a neo-preputium clitoridis.

Vaginal enlargement plasties have always been problematic, since shrinking
particularly of the vaginal introitus, occurs in up to 25% of patients who undergo
this operation. However, a sufficiently large pediculated perineal skin flap in-
serted into the “defect” of the posterior vaginal wall provides sufficient width of
the vaginal introitus and canal.

Partial vaginal aplasia, with the vagina opening into a urogenital sinus near the
bladder, calls for additional abdominal mobilisation. For psychological reasons,
vaginal dilatations are not to be recommended. If necessary, a second vaginal en-
largement plasty should instead be performed later; this may be carried out with-
out problems before puberty. To avoid the disadvantage of a dry skin flap which
does not assimilate to normal vaginal mucosa even after many years and with
oestrogen treatment, mobilisation of the posterior vaginal wall with displacement
of real vaginal mucosa towards the perineum can be carried out. However, one-
stage reconstruction of clitoris, vulva and vagina during early childhood is prefer-
able in every case, in order to avoid the psychological damage which can un-
doubtedly otherwise be caused. An exception is the late onset form of congenital
adrenal hyperplasia.

Ruhr University Bochum, Marienhospital, PO Box, 4690 Herne 1, FRG
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Zusammenfassung

Untersuchungen der letzten Jahre und Berichte iiber Spétergebnisse haben deut-
lich gemacht, daB3 der vaginale Orgasmus eher die Ausnahme als die Regel dar-
stellt und daher eine Erhaltung der Klitoris-Sensibilitét fiir die vita sexualis uner-
14Blich und immer anzustreben ist. Damit entfallen alle Korrektur-Operationen
mit totaler Klitoridektomie, plastische Nachbildungen oder Klitorisverlagerungen
mehr oder weniger unter die Symphyse. Auch wenn Plikationen und Versenkun-
gen groBer Klitorisschiifte unter den Mons pubis als sensibilitéts-erhaltende MaB-
nahmen eingestuft werden konnen, so befriedigen sie dennoch nicht, da sie im eri-
gierten Zustand schmerzhafte Sensationen und Druckgefiihl auslésen kdnnen. Es
sind daher Reduktionsplastiken mit Verkiirzung der erektilen Klitorisanteile un-
ter Erhaltung der Glanssensibilitit und eine Verkleinerung der Glans selbst anzu-
streben. Durch selektive Resektion der Corpora cavernosa und seitliche Exzisio-
nen an der Glans sind gute kosmetische und taktile Ergebnisse zu erreichen. Die
Rekonstruktion kleiner Labien aus Klitorisschafthaut wird mit einer separaten
Neubildung eines Praputium clitoridis kombiniert.

Vaginalerweiterungs-Plastiken sind bisher hinsichtlich ihrer Spéitergebnisse
sehr problematisch geblieben, da Schrumpfungen, insbesondere des Introitus va-
ginae, in bis zu 25% beschrieben wurden. Durch einen ausreichend dimensionier-
ten, dammwirts gestielten Hautlappen, der in einen durch dorsale Lingsinzision
entstandenen ,,Defekt“ der Vaginalhinterwand einzubringen ist, gelingt es je-
doch, eine ausreichende Weite von Vaginaleingang und Vaginalrohr zu erzielen.

Bei partieller Vaginalaplasie mit blasennaher Einmiindung der Vagina in den
Sinus urogenitalis ist eine zus#tzliche Mobilisierung von abdominal her notwen-
dig. Bougierungen der Vagina erscheinen aus psychologischen Griinden unange-
bracht. Es sollte, falls notwendig, eher auf eine zweite Vaginalerweiterungs-Pla-
stik zuriickgegriffen werden, was ohne Schwierigkeiten pripubertir moglich ist.
Um die Nachteile des trockenen Hautlappens, der sich auch im Laufe von Jahren
und unter Ostrogeneinwirkung nicht der “Vaginalhaut” angleicht, zu beheben,
kann eine Mobilisierung der Vaginalhinterwand mit dammwdértiger Verlagerung
von eigentlicher Vaginalhaut erfolgen. Dennoch ist die einzeitige Friihrekon-
struktion von Klitoris, Vulva und Vagina wegen der unbestreitbaren, sonst mog-
lichen, seelischen Schidigungen in jedem Fall vorzuziehen. Eine Ausnahme bil-
det die Spétform des AGS (“Late onset”).

Résumé

Il ressort des études effectuées ces dernieres années et des rapports récomment
publiés que ’orgasme vaginal semble plutot faire exception a la régle et qu’il est
donc indispensable de préserver chaque fois que c’est possible la sensibilité du
clitoris pour permettre une vie sexuelle normale. On renoncera donc 2 pratiquer
toutes les interventions de correction nécessitant une clitoridectomie, les plasties
ou déplacements du clitoris sous la symphyse. Méme si les plications et les amar-
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rages de tissus du fourreau du clitoris de taille excessive sous le pubis peuvent étre
considérés comme une mesure ayant pour but de tenter de préserver la sensibilité,
les résultats obtenus restent insuffisants car I’érection peut provoquer des sensa-
tions douloureuses et d’oppression. Il faudra donc envisager uniquement des plas-
ties de réduction visant a raccourcir les parties érectiles du clitoris tout en conser-
vant la sensibilité du gland dont on réduira aussi la taille. Une résection sélective
du corps caverneux et des excisions latérales sur le gland donnent des résultats
satisfaisants tant du point de vue esthétique que du point de vue tactile. On utilisera
pour la reconstitution des petites lévres la peau du fourreau du clitoris et on refera
un prépuce séparément.

Les plasties destinées 2 dilater le vagin continuent 2 donner des résultats assez
peu concluants et & poser des problémes par la suite. En effet, on a rapporté
jusqu’a 25% de rétrécissements ultérieurs, en particulier de ’introitus vaginae. En
utilisant un lambeau pédiculé en direction du perinée et de taille suffisante qui
sera placé dans une “dépression” de la paroi postérieure du vagin crée par une in-
cision longitudinale dorsale, on obtiendra une largeur suffisante de ’entrée et du
canal vaginal.

Dans les cas d’aplasie vaginale partielle avec abouchement du vagin pres de la
vessie dans le sinus urogénital, une mobilisation abdominale supplémentaire est
requise. Pour des raisons psychologiques, il est déconseillé d’utiliser une bougie
pour dilater. Il est préférable de procéder & une nouvelle plastie pour dilater le
vagin, ce qui ne pose aucun probléme avant la puberté. Pour parer aux inconvé-
nients que pourrait poser la sécheresse du lambeau qui, au cours des années et en
dépit de I'influence des oestrogénes ne s’assimilera pas a la muqueuse vaginale,
on peut mobiliser la paroi postérieure du vagin en déplacant la peau du vagin en
direction du périnée. Quoi qu’il en soit, il faut toujours donner la préférence a une
intervention en un seul temps pour reconstituer le clitoris, la vulve et le vagin pour
éviter les troubles psychologiques qui ne manqueraient as de s’installer. Il existe
une exception: la forme tardive de I’hyperplasie surrénale congénitale.

Introduction

Proper diagnosis and management of genital malformations are tasks which must
be carried out with great responsibility, as undisturbed physical, psychological
and sexual development depend on their results. Gender assignment and defini-
tive genital correction should be carried out early enough for the child affected
never to be aware of the genital abnormality or intersexuality. On the contrary:
the small child must be allowed to identify itself with its physical gender (Knorr
1985; Prader 1980), similarly gender-specific upbringing by the parents can pro-
ceed emotionally undisturbed only if the external genitalia correspond to the
gender role (Hecker 1985; Prader 1980). The time of gender identification is in
the 3rd year of life (Hemminger 1982; Money and Schwarz 1977; Prader 1980;
Schneider et al. 1968; Wilkins 1961). It follows that, in girls virilised antinatally by
androgenic influences, the goal must be one-stage surgical correction of the
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genitalia before the second birthday is reached, aiming at an external appearance
as close as possible to that of normal female genitalia, and normal ability for
coitus and orgasm when sexual maturity is reached (Engert 1982).

This means:

1. Shortening of hypertrophied corpora cavernosa and reduction of the glans
clitoridis while maintaining clitoral sensitivity

2. Reconstruction of a clitoral prepuce and labia minora and preservation of the
urogenital chordee with its non-cornifying squamous epithelium

3. Enlargement of a narrow vaginal introitus and lengthening of a hypoplastic
vaginal channel

In most cases virilisation of the external female genitalia is due to defective cor-
tisol biosynthesis, which, in turn, is in 90% of patients due to a deficiency of 21-
hydroxylase (Zachmann 1980). The degree of virilisation depends on the extent of
this disturbance and is internationally classified into five stages, according to
Prader (1980). Since the extent of visible, external virilisation indicates neither
the level of the vaginal opening into the urogenital sinus, nor its relation to the
vesical sphincter, nor the degree of vaginal hypoplasia, urethro-cysto-genitography
and urethro-vaginoscopy are mandatory. With the exception of type I, in which
only clitoral reduction is required, and type V, in which male gender identification
and upbringing means, that vaginoplasty is contraindicated and an ovarectomy
must be performed instead (Knorr 1985), further operative procedures depend
exclusively on the level of vaginal opening and the degree of vaginal hypoplasia
and aplasia.

Materials and Method

After implemenation in 1980 of a method which met the above mentioned
criteria, and after a report of preliminary results in 1983, we now have results
from a S5-year follow-up of 30 females of various ages (1-18 years; Engert 1982).
The operative technique and its variations are described below:

Surgical Correction in Patients with a Low Vaginal Opening (Prader types I-III)

1. If no correction of a hypertrophied clitoris is necessary and if a vagina of suffi-
cient width opens into the urogenital sinus at a low level, an inverted U-shaped
(Stefan 1966) or M-shaped (Hecker 1985) pediculated skin flap originating
from the perineum can be used for reconstruction of the posterior commis-
sure.

2. If there is narrowing of the posterior part of the vagina, despite low opening
of the vagina into the urogenital sinus, a long, inverted U-shaped pediculated
skin flap hinged from the perineum has proved useful, starting from the tubera



Fig. 1. Congenital adrenal hyperplasia, Prader type III. Incision of an inverted U-shaped pedicu-
lated skin flap hingeing from the perineum

Fig. 2. Exposure of the urogenital sinus by longitudinal incision of the inner layer of the skin fold
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Fig. 3. Urogenital sinus partly exposed. The perineal muscles are visible

ischii on both sides and running into the entrance of the urogenital sinus (Fig. 1).
The urogenital sinus is opened by longitudinal incision of the inner layer up to
the narrowed vaginal introitus (Figs. 2, 3).

Preparation for surgery then continues with exposure of the posterior vaginal
wall and the perineal muscles (Figs.4, 5), particularly the bulbocavernous
muscle and the urogenital diaphragm. Preparation is relatively straightforward
in the perineal region, particular care must be taken to avoid rectal injury as
the incision continues cranially. An intestinal tube passed into the rectum has
proved helpful for this.

The tength of the midline incision in the posterior wall of the vagina towards
the portio depends on the width of the vaginal lumen and/or the length of nar-
rowed vagina; it is continued until the “defect” of the posterior wall is covered
by the pediculated skin flap, making a vagina of normal lumen (Fig. 6).

Surgical Correction in Patients with a High Vaginal Opening (Prader typesIV, V)

A high vaginal opening near the bladder necessitates an abdomino-perineal pro-
cedure (Hecker 1985). In the first step, uterus and vagina are moved away from
the bladder and the rectum using an abdominal approach. Precise exposure of the
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Fig. 4. Urogenital sinus entirely exposed. The posterior vaginal wall is prepared for operation

Fig.5. Urethra and vagina after complete preparation. Since the vaginal lumen is of normal
caliber, only the introitus and the posterior commissure need to be reconstructed



158

J.Engert

Fig. 6. Start of the incision in the posterior vaginal
wall towards the portio

Fig.7. Vaginal opening into
the urogenital sinus pulled
down by holding sutures fol-
lowing completion of the ab-
dominal part of the operation
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Fig. 8. High vaginal opening into the
sinus urogenitalis

Fig. 9. Separation and closure of vaginal
opening into the sinus urogenitalis.
Dorsal vaginal incision towards to the
portio

high vaginal opening into the urogenital sinus is extremely important here. The
next step is carried out perineally, as outlined above; surgical correction is limited
by the extent of vaginal aplasia and the length of the pediculated perineal skin
flap. Following section and closure of the vaginal opening into the urogenital sinus
(Figs. 7-9), the vaginal canal is displaced caudally, dorsally incised to the portio,
and a oblique back-to-back anastomosis is carried out (Figs. 10, 11). Normally the
greater part of the new vaginal canal is created dorsally and distally to the pedicu-
lated perineal skin flap. If the vagina is short, the pediculated skin flap is closed
ventrally, forming a canal near the urethra.
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Surgical Correction of Vulva and Hypertrophied Clitoris

If there is clitoral hypertrophy requiring surgical correction, the procedures de-
scribed above are combined with shortening of the corpora cavernosa, reduction
of the glans clitoridis, and reconstruction of the clitoral prepuce and labia minora.

1. Starting at the tip of the U-shaped perineal skin flap, the glans clitoridis is cir-
cumcised, 5mm of the inner preputial layer being preserved. The skin of the
clitoral shaft is then entirely removed and the ligamentum arcuatum pubis ex-
posed. The ligamentum suspensorium clitoridis is left intact; this is important
for stabilisation of the clitoris. The superficial dorsal veins can be seen in the
spongy superficial clitoral fascia. The usually impar deep dorsal vein of the
clitoris, accompanied by the dorsal arteries and nerves of the clitoris, runs
below the deep clitoral fascia and dorsal to the tunica albuginea. Since the
position of the nerves unlike that of the arteries, is constant from patient to pa-
tient, it has been found useful to incise both the deep clitoral fascia and the
tunica albuginea laterally on both sides and to separate the vessel-nerve bundle
in toto from the corpora cavernosa in order to avoid injuries.

Following purse-string ligation of each corpus cavernosum separately to cut off
the blood supplied by the deep clitoral arteries, most of the corpora cavernosa
is removed (Figs. 12-14). However, at least 4 mm of the corpora cavernosa is
left untouched near the glans, in order to maintain the stability of the glans

Fig.12. Glans clitoridis, urogenital chordee and dorsal vessel-nerve bundle are separated. The
corpora cavernosa are ligated to the length required
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and provide secure refixture to the remaining corpus clitoridis. Although, at
the end of preparation, both the dorsal vessel-nerve bundle and the ventral
urogenital chordee are preserved (the latter with its considerable blood supply
to the glans and its non-cornifying squamous epithelium, so important for the
vaginal introitus), it is advisable, if reduction of the glans by lateral excisions
is necessary, to make this reduction dependant on the status of the blood
supply to the glans, possibly postponing it until later.

2. Next, the preputial skin for covering the dorsal vessel-nerve bundle and glans
clitoridis and for reconstructing the labia minora is prepared. This can be done
using either one midline incision or — cosmetically more satisfying — two
lateral incisions, leaving between them a median skin flap which alone is used
for reconstruction of the prepuce. The doubled median skin flap, which covers
the glans clitoridis entirely, is fixed laterally on both sides and caudally, and
both lateral skin flaps, mimicking labia minora, are displaced towards the
perineum. To improve their shape, the use of subcutaneous tie-up sutures is
recommended. Surgical reduction or displacement of the labia majora towards
the perineum is necessary in most cases.

Discussion

Contrary to the common view, we maintain that one-step surgical correction of
clitorial hypertrophy and/or urogenital sinus with or without partial vaginal aplasia
and reconstruction of the vulva can be carried out even in children under 2 years
of age. With the help of a magnifying glass if necessary, it is always possible (a) to
preserve the clitoral vessel-nerve bundle, essential to the sensitivity of the glans,
and the ventral urogenital chordee, the non-cornifying squamous epithelium
which is so important for the vaginal introitus, and (b) to reduce the corpora
cavernosa to normal length. By means of lateral excisions, an overlarge glans
clitoridis can be reduced to normal size without loss of sensitivity. The clitoris
retrieves its stability postoperatively, and erections caused by the parasympathetic
nerve fibers running along branches of the arteries have also been demonstrated.
Division of the clitoral shaft skin into three, with reconstruction of the clitoral pre-
puce and labia minora, is another important step in the normalisation of the
female external genitalia. Problems may arise with large clitoral shafts in that the
blood supply to the shaft skin may be injured during preparation, so that the re-
construction of labia majora and clitoral prepuce have to be postponed to another
session.

Vaginal orifice plasties and plastic surgery procedures for enlargeing or length-
ening an aplastic vagina are still problematic in respect to late results regarding
width of the vaginal introitus and channel. Use of a long, wide perineal skin flap
originating from the region of the os ischii allows sufficient enlargement of the
vaginal introitus and normalisation of the vaginal canal in most cases of partial
vaginal aplasia. This has the advantage of better blood circulation than is present
in the two laterally pediculated skin flaps described by Hecker (1985) and others
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and permits possible replacement of the distal aplastic part of the vagina in toto.
This technique, however, is limited both by the extent of the vaginal aplasia and
by the available length and width for the pediculated perineal skin flap. At a first
operation, reconstruction of the vaginal canal can only establish a width of the
vaginal lumen suitable to the patient’s age at the time of operation, but attach-
ment of the reconstructed vaginal canal to the perineum automatically causes the
growth of the vagina to be oriented to the perineum. If the vaginal lumen should
shrink, another enlargement plasty and reconstruction of a cosmetically more
satisfying posterior commissure can be performed at puberty without changing the
indication for primary surgical correction during early childhood. Since the trans-
ferred perineal skin, even with oestrogen treatment, will never become normal
vaginal mucosa, the problem of the dry skin flap can be partly solved by means of
mobilisation and displacement of vaginal mucosa towards the perineum in
another operation. Although this results in shortening of the vaginal canal, nor-
mal length can be achieved by physiological bougienage later on.
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Korrektur der dorsalen Kriimmung durchgefiihrt werden, was am besten durch
eine Duraversteifung oder Implantation eines anderen Materials zum Ausgleich
der Peniskriimmung erreicht wird.

Résumé

A T’heure actuelle, la chirugie plastique de I’extrophie de la vessie n’est plus uni-
quement une mesure de nécessité vitale et il est méme possible de sauvegarder la
fonction de la vessie. On peut donc maintenant trés bien envisager la reconstitu-
tion du pénis car ces patients ont une libido normale. Une intervention pratiquée
avec le plus grand soin dans la petite enfance pourra méme donner des résultats
assez satisfaisants du point de vue esthétique pour ne pas créer de difficultés pen-
dant la période scolaire, ce qui est d’une grande importance. Il est possible aussi
d’obtenir un angle d’érection suffisant pour des relations sexuelles normales.
Dans le cas des patients qui dans leur petite enfance ont subi une intervention
moins réussie ou qui sont nés avant I’avénement de la chirugie plastique moderne,
il faudra soigneusement peser la décision de pratiquer une nouvelle intervention
al’dge de la puberté. Le trouble de I’érection le plus fréquent chez les adultes est
une incurvation dorsale prononcée qui exige une intervention. Dans certains cas,
on obtient une correction satisfaisante en pratiquant ’opération de NESBIT.
Dans les autres cas, il faudra pratiquer une intervention de correction définitive
de l'incurvation en raidissant ou en pratiquant une implantation pour compenser
Pincurvation de la verge.

Introduction

In 1926 it was recorded that 50% of exstrophy patients were dead before the age
of 10 (Mayo and Hendricks 1926). It is therefore hardly surprising that little atten-
tion was paid to the fate of the penis in reconstructing this major congenital abnor-
mality. Over the last 40 years the results have improved considerably, and in a
series of 101 cases followed into adult life, nine deaths were reported, only three
of which could be directly attributed to the exstrophy and its management (Wood-
house et al. 1983). It is now generally expected that the exstrophy patient will
grow up normally, attending normal schools, playing games, receiving higher edu-
cation and undertaking a normal job (Jeffs 1978; Lattimer et al. 1979; Woodhouse
et al. 1983).

Exstrophy patients have a normal libido. Now that growth into adult life is
usual, it is reasonable to turn attention away from the immediate problems of
survival and bladder closure towards reconstruction to allow normal intercourse.
Even without reconstruction, the male with exstrophy can have a form of inter-
course and there are several reports of paternity (Lattimer et al. 1976). However
the epispadiac penis has an abnormal anatomy that is an integral part of the com-
plex, though in some patients the deformity may have been aggravated by the re-
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constructive techniques for the bladder in infancy. The same abnormalities are
found in epispadiac males with a split symphysis.

Typical Penile Anatomy in Exstrophy

The characteristic appearance of the adult exstrophy penis is shown in Fig.1. It
appears to be of approximately normal calibre but is clearly short and does not

Fig. 1. Typical exstrophy penis

Fig. 2. Cavernosogram of exstrophy penis
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Fig.3. a The normal pelvis (left) and the pelvis in exstrophy (right). b Oblique radiograph of a
cavernosogram showing the anatomical position of the inferior pubic ramus in exstrophy

dangle. Investigation of the corpora by cavernosography and computerised axial
tomography shows the reasons for this abnormality. The corpora are inherently
short (Fig. 2). The shortness is further aggravated by corporeal length being taken
up with reaching the midline from the widely separated inferior pubic rami. The
corpora also have a sharp upward curve as they emerge from the perineum and
this, combined with the lack of length in the exophytic portion, causes the lack of
dangle (Woodhouse and Kellett 1984).

Oblique radiographs of the pelvis have shown that the inferior pubic ramus
does not lie in the normal anatomical plane. Not only is the pelvis split but it is
rotated downwards (Fig. 3). The inferior pubic ramus is thus parallel to the floor
when the patient is standing (Woodhouse and Kellett 1984). This abnormality
does not shorten the penis, but does have important implications for surgery de-
signed to increase the length.

The superficial neurovascular bundle also lies in an abnormal position and its
anatomy must be remembered in reconstructive operations at all ages. In the dis-
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Fig. 4. System of infusion bags for cavernosogram

tal and middle portions of the corpora, the bundles are located in the 10 and 2
o’clock positions. As they pass proximally, they run more anteriorly to the 11 and
1 o’clock positions. They then merge into the cleft between the corpora and the
pubic bone (Hurwitz et al. 1986).

It seems likely that this is the typical or “normal” anatomy of the penis in
exstrophy and in split symphysis epispadias. It is seen to a greater or lesser degree
in all patients. In particular, it is seen in split symphysis epispadiacs who have
had no bladder-neck surgery and was also seen in a single patient with classical
exstrophy who did not present until he was 44 (with carcinoma of the bladder),
having previously had no surgery of any kind (Woodhouse and Kellett 1984). Ex-
cessive penile surgery in infancy can modify this anatomy and may, indeed, be re-
sponsible for some of the erectile deformities that are seen.
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Erectile Deformities

Several types of erectile deformity are seen. The main deformity is a logical conse-
quence of the typical anatomy already described. The others are almost certainly
caused by excessive dissection in childhood. Unless the nature of the deformity is
completely obvious, all cases should be investigated by preliminary cavernosogra-
phy. The technique is modified from that described by Herzburg et al. (1981). In
the epispadiac penis, there is no cross-circulation between the corpora, so that
each side has to be injected separately. For this 120ml 65% urografin is mixed
with 250 ml physiological saline. The infusion is made from two bags through
separate 19-gauge butterfly needles. A pressure of 300 mm Hg is generated by in-
fusion bags (Fig. 4). The procedure can usually be carried out under sedation with
intravenously administered diazepam, though occasionally a general anaesthetic
is necessary for rather anxious patients.

The following description of erectile deformities is based on investigation of 20
patients (Woodhouse 1986). It lacks full supporting evidence from other sources,
but the patterns have been consistent throughout the investigation and in patients
seen subsequently. Similar deformities have been reported by Brzezinski et al.
(1986) in adolescent patients.

Type 1 — Dorsal Chordee. This is the commonest erectile deformity, seen in
three-quarters of the patients. The characteristic short corpora are of normal
calibre; there is a sharp dorsal curvature, often of 90°, as the corpora emerge from
the perineum (Fig. 5). The erect penis is pressed tightly against the abdominal
wall so that vaginal penetration is impossible. This erectile deformity is that which
would be expected on the basis of the typical anatomy.

Fig.5. Lateral radiograph of a cavernoso-
gram showing nearly 90° of dorsal chordee
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b

Fig. 6. a Artificial erection showing dorsal chordee and sharp lateral deviation. b Lateral radio-
graph of the same case, showing that the right corpus is rudimentary and causes “bowstringing”
of the normal left corpus

Type 2 — Lateral Deviation. This abnormality was seen in 2 of 20 patients. In the
flaccid state, the penis looks no different from any other epispadiac penis. When
erect, there is dorsal chordee and sharp lateral deviation so that the penis points
at the hip joint. It occurs because one corpus is normal, while the other is rudi-
mentary. On erection, the rudimentary corpus fails to expand and pulls the nor-
mal corpus over to that side (Fig. 6). It seems likely that the rudimentary corpus
has been damaged during dissection at previous surgery.

Type 3 — Micro-erection. This abnormality was seen in 3 of 20 patients. The flac-
cid penis also has the typical epispadiac appearance, although it is usually higher
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Fig.7. Anterior-posterior radiograph of a
cavernosogram/cystogram showing rudi-
mentary development of both corpora.
There is no deep portion and no attach-
ment to the inferior pubic rami

on the mons pubis. On erection, the expansion is minimal. Cavernosography
shows that the corpora are short and have no deep portion and thus no connection
with the inferior pubic rami (Fig. 7). This abnormality, too, must surely be due to
excessive dissection. A further case has been seen in an epispadiac who had had 12
operations to obtain continence at the bladder neck, in the course of which his penis
had completely disappeared. The urethra emerged through a fold in the scrotum.
On palpation under general anaesthetic it was possible to feel a very rudimentary
left corpus deep in the perineum but there was nothing to feel on the right.

Corrective Surgery
Timing

The erectile deformities that have been described were found in patients who are
now adults. They were born between the second World War and 1966. The tech-
niques of reconstruction have changed considerably since then, and children born
now may not require penile reconstruction in adulthood (Mesrobian et al. 1986).
In some patients, the need for dorsal chordee correction is anticipated by the in-
sertion of ellipses of dura in the dorsum of the penis during the initial reconstruc-
tion (P.G.Ransley, personal communication 1986), though it remains to be seen
whether the correction achieved will be maintained in adulthood.

There can be no doubt that the penis should be made as normal as possible in
infancy. The appearance and function of the penis is of paramount concern to the
adolescent with exstrophy (Feinberg et al. 1974).

If the boy arrives at puberty with an erectile deformity, the timing of correc-
tion becomes very difficult, especially if the question of schooling is considered. It
is preferable to make the correction when the boy has had some practical experi-
ence of intercourse. He can thus appreciate his own deficiency and the objectives
to be achieved. However, surgery should not be delayed until several embarras-
sing failures have damaged his ego.
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Procedures

In patients with the common deformity of dorsal chordee, there are two compo-
nents that require correction: the overall length of the visible portion of the penis
and the angle. Both are important, but if it is the case that the corpora are defi-
cient in overall length rather than merely apparently short because of the divarica-
tion of the pelvic bones, improvement in this aspect is likely to be less successful.

Lengthening Procedures

Several procedures have been described for the lengthening of the epispadiac penis.
In some patients, probably because the corpora have become “concertina-ed” by
the urethral plate, scar tissue and poor skin, extensive dissection and covering
with new skin will produce considerable lengthening. Good results have been re-
ported by this procedure alone in the younger patient (Hendren 1979). However,
such simple procedures have not proved effective in the adolescent group in the
author’s experience. It may be that by this stage in life, secondary and irreversible
changes have occurred in the corpora.

It has been pointed out that if the divarication of the pelvic bones is 3cm or
less, the penis is apparently longer than if it is 4 cm or more (Schillinger and Wiley
1984). However, Johnston (1974) found that bringing the pelvic bones into ap-
position by posterior osteotomy did not increase the penile length. Whatever the
case may be in children, osteotomy does not seem a very attractive prospect in the
adolescent. Those adolescents who had a pelvic osteotomy as part of their primary
repair in infancy have not retained the apposition of the pubis into adult life.

If it is correct that the inferior pubic ramus is parallel with the floor when the
patient is standing (Woodhouse and Kellett 1984), dissection of the corpora off
the pubis will not help if it is continued posterior to the junction with the inferior
pubic ramus. Kelley and Eraklis (1971) described complete detachment of the
corpora from the inferior pubic ramus and drawing them forward, presumably on
the vessels from Alcock’s canal. The report covered four cases and there was no
long-term follow-up. This would seem rather a hazardous procedure that could
lead to devascularization of one or both corpora. Indeed, it is possible that exces-
sive dissection of this sort in children is the cause of the erectile deformity types 2
and 3.

Thus, it seems that in adolescents there is no worthwhile procedure for length-
ening the visible portion of the epispadiac penis alone. Complete stripping of the
pericorporeal scar tissue and the urethral plate forms a part of the surgery de-
signed to correct chordee and may provide some lengthening.

Chordee Correction

The need for chordee correction must be carefully assessed. In some cases the pa-
tient’s description alone provides an obvious enough indication. Where there is
doubt, a cavernosogram should be performed and the surgeon should be present
at the examination to assess the problem for himself. The present generation of
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Fig. 8. Commonly used incision for exstrophy phalloplasty. The shaded area is scarred and will be
excised

DORSUM OF EPISPADIAC PENIS

Fig. 9. Extra-corporeal erectile tissue

adolescents and young adults appear, in the author’s experience, very commonly
to require chordee correction. Others have not found this to be the case (Mesro-
bian et al. 1986), and it may be that better management of the penis in infancy
may lessen the need for this type of surgery in later life.

All the operations described are done under general anaesthetic with the pa-
tient flat on the table. Whatever the preoperative investigation has been, frequent
intra-operative artificial erection is essential. The technique is that already de-
scribed for cavernosography, though without the contrast medium.

There is no standard incision because no two patients are the same. Incisions
are made appropriate to the skin flaps that are going to be required for closure. In
particular, the need for rotation of hair-bearing skin from the groins to the mid-
line must be considered. A commonly used incision is shown in Fig. 8.
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The dissection of the corpora is started at their apparent junction with the
body of the pubis. It is continued until the corpora have been separated from the
bone down to the anterior end of the inferior pubic ramus. The urethra — assum-
ing that it is lying on the dorsum of the penis — is completely mobilised off the cor-
pora. There is a triangle of extra-corporeal erectile tissue surrounding the urethral
plate in this area (Fig. 9); its mobilisation causes troublesome bleeding. In about
50% of cases, the urethra is clearly too short and needs to be transected. The cor-
pora are completely stripped of all apparent fibrous tissue on the dorsum and on
either side, thus separating the corpora from each other through to the ventrum.
At this stage, a further artificial erection is made. In only 1 of 15 of the author’s
cases (Woodhouse 1986) but in 4 of 8 cases reported by Brzezinski and co-workers
(Brzezinski et al. 1986) did it transpire that this dissection was sufficient to correct
the chordee.

If the chordee does persist, a formal correction is required. A variety of tech-
niques has been described. Theoretically, there are two basic principles for the
straightening of a curve in a parallel-sided cylinder: lengthening the concave side
or shortening the convex side. In the case of the penis which is already too short,
further shortening, as in Nesbit’s procedure (Frank et al. 1981), is unsatisfactory.
Nevertheless, Nesbit’s procedure remains an option for chordee correction. Good
results have been reported in a small number of cases (Brzezinski et al. 1986;
Woodhouse 1986). It is particularly indicated where the amount of correction re-
quired is small, so that there will be little shortening of the penis overall, and
where the patient is unwilling to accept the complications that can follow the more
radical procedures.

To lengthen the concave side of the corpora, a transverse incision is made on
the dorsum of the penis at the point of greatest curvature. The incision must en-
compass at least five-eighths of the circumference and be deep enough to divide
the trabeculations of the corpora albuginea. When the penis is straightened out,
there is an elliptical defect in the tunica albuginea to be filled with suitable mate-
rial.

Several autologous and synthetic materials have been used. Most have been
adapted from procedures for the correction of Peyronie’s disease. Materials in-
clude fat (Lowsley and Boyce 1950), aponeurosis (Bruschini and Mitre 1979),
tunica vaginalis, (Das 1980), Dacron (Lowe et al. 1982), Dexon mesh (Bazeed
et al. 1983), skin (Horton and Devine 1973) and lyophilised human dura mater
(Woodhouse 1986). Of these, only skin and dura have been widely used in the
correction of chordee in adult exstrophy patients (Horton and Devine 1973; Brze-
zinski et al. 1986; Woodhouse 1986). Skin has been used principally in younger
patients.

Technique of Dural Phalloplasty. The initial steps of the dissection are the same
whatever technique of chordee correction is ultimately used. If the mid-operation
artificial erection shows that a formal correction is required, the sheet of dura
(B.Braun, Melsungen, FRG) to be used is removed from its packet and soaked in
saline while the other preparations are made. An ellipse of tinfoil is prepared
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Fig. 10. Tinfoil template and dural el-
lipse

(Fig. 10), of which the long axis is determined by the circumference of the corpus
and the short axis by the amount of correction that is required. The short axis nor-
mally measures about 3 cm. It is important to be generous to allow for increase in
size during erection. An ellipse of dura is then cut using the tinfoil as a template.
The dural ellipse is made larger than the tinfoil to allow for suturing (Fig. 10).

The procedure is then the same for each corpus. The transverse incision is
made. It is surprising how deep this incision has to be to divide the trabeculations
of the tunica albuginea; at times it seems as though the entire corpus is being tran-
sected. The dura is sutured into the defect using continuous 2/0 Dexon. A further
artificial erection is then made to check that the correction is adequate.

Any further skin flaps are mobilised and closed with Dexon, employing con-
tinuous suction drainage. If the incision was made as in Fig. 8, the closure will be
similar to that shown in Fig. 11. Antibiotic cover is given routinely, using a broad
spectrum such as ampicillin and metronidazole. It is continued for 5 days.

Complications of Dural Phalloplasty. In 13 cases, only one serious complication
has been encountered, which was an extensive wound infection in one patient be-
fore the policy of routine administration of prophylactic antibiotics was instigated.
Fortunately, the infection settled with antibiotic treatment and the ultimate out-
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Fig.11a,b. Closure, assuming incisions as shown in Fig. 8. a First stage, b second stage

come was satisfactory. A further patient was impotent for 3 months after the
operation but eventually recovered spontaneously.

The Urethra in Chordee Correction. When the urethra is on the dorsum of the
penis, it is normally too short to allow full chordee correction. It will thus require
division. If a graft of dura or skin is used, it is better to leave urethroplasty until
a second operation (Brzezinski et al. 1986). However, if there is no graft, ure-
throplasty can be performed in the same operation, or, in some cases, the old
urethra may even be preserved.

The practice of transposing the urethra to the ventrum of the penis (R.T.
Turner-Warwick, personal communication, 1983) is to be applauded both for
its cosmetic advantage and for the correction of chordee. In cases of dural phal-
loplasty with a dorsal urethra it is helpful, when transecting the urethra, to make
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the proximal end long enough to pass between the corpora and be brought out as
a cutaneous fistula on the ventrum.

Urethroplasty in the adult epispadiac penis is difficult. In designing the skin
flaps at the original chordee correction, it is important to bear in mind the posi-
tioning of skin suitable for later reconstruction. A good deal of imagination is re-
quired to devise systems of reconstruction and in the 13 cases reported above, 6
patients have undergone urethroplasty, requiring 15 revision procedures (Wood-
house 1986). Patients who have a urinary diversion will sometimes elect to keep a
proximal seminal fistula rather than risk the complications of reconstruction.

Results of Chordee Correction. It seems likely that careful chordee correction in
infancy would be successful in the long term. Of 56 cases, 53% assessed in adult
life were judged to have been cosmetically successful in the Mayo Clinic series
(Mesrobian et al. 1986). Nonetheless, great caution must be exercised in the cor-
poreal dissection in infancy to avoid damaging the blood supply (Ransley 1986).

Chordee correction with an angle of dependency of better than 45° has been
reported in 7 of 8 patients, 4 of whom had had a dermal graft phalloplasty (Brze-
zinski et al. 1986). The results of dural phalloplasty in the author’s own series of
older patients are not quite so good. In 8 of 12 patients the result was satisfactory
at the first attempt and in one patient at a second attempt. In 1 patient the correc-
tion appeared satisfactory but a further chordee appeared distal to the site of the
first repair 18 months later; this was corrected by a further dural phalloplasty. In 2
patients the result was unsatisfactory and they are awaiting further surgery (Wood-
house 1986). A typical example of erection before and after dural phalloplasty is
shown in Fig. 12.

The causes of failure are not clear. With the 1 exception mentioned above, the
failure was apparent as soon as the wounds had healed and the first erections oc-
curred. In the successful cases, the angle of erection has been maintained at fol-
low-up from 2 to 5 years in six cases of dural phalloplasty. It may be that the inci-
sion of the corpora heals across, in spite of the presence of the graft. Correction
by Nesbit’s procedure, in the small number of cases reported, has been uniformly
successful.

Following surgery, patients in whom the operation has been successful are
able to have satisfactory intercourse. There is marginal lengthening of the penis,
which should really be regarded as a beneficial side effect of the procedure. Limited
vaginal penetration is possible.

Surgery for Types 2 and 3 Erectile Deformity

Type 2. In the first case encountered in which one rudimentary corpus was causing
“bowstringing” of the normal one, the rudimentary corpus was divided. This pro-
cedure was not satisfactory, as it became apparent that two corpora are needed
for a stable erection, each to support the other as in the gables of a house. In sub-
sequent cases, the lateral and dorsal curvature have been corrected by large el-
lipses of dura in a similar manner to that described above. The results have been
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Fig.12. a Artificial erection before and b natural erection after dural phalloplasty

satisfactory. This is a rare complication of exstrophy and epispadias and requires
careful preliminary assessment including a cavernosogram.

Type 3. There have been no reports of surgery for this rare deformity. In the pre-
sent state of the art, it is probably inoperable. The corpora are extremely rudi-
mentary and have no apparent connection with the inferior pubic ramus. It there-
fore seems likely that they do not receive a blood or nerve supply through the Al-
cock’s canal. Any surgery would be likely to damage what little collateral supply
they have from the superficial vessels, thus making the situation worse.

Addendum. 1t has recently been reported that the sterilisation procedures for
human dura are not adequate to inactivate the Creutzfeld-Jacob agent. A case has
been reported of a 28-year-old woman who died of Creutzfeld-Jacob disease 22
months after receiving a dural graft (Anonymous 1987). Although some prepara-
tions of dura are processed in different ways, the American Food and Drug Ad-
ministration considers that all the preparations carry a risk of transmitting this dis-
ease. In the light of this finding, the author thinks it would be preferable to use
this technique with material from the patient such as rectal sheath or tunica vagi-
nalis rather than dura.
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One-Stage Preputial Pedicle Flap Repair
for Hypospadias: Experience with 100 Patients

P.Frey' and A. Bianchi?

Summary

Between 1980 and 1986, 224 patients underwent one-stage hypospadias repair, of
whom 100 were operated on using a modification of the Asopa technique. This
technique, in which a vascularised preputial pedicle flap is rotated ventrally in
order to reconstruct a neo-urethra as well as to cover the ventral skin defect, is de-
scribed. The post-operative results are discussed. Fistula formation was the most
common complication, but was easily correctable.

Zusammenfassung

Von 1980-1986 wurden 224 Patienten mit Hypospadie einer einzeitigen Korrektur
unterzogen, von denen 100 nach einer modifizierten Asopa-Methode operiert
wurden. Diese Methode, bei der ein vaskularisierter, gestielter Préputiallappen
nach ventral zur Konstruktion der Neourethra und zur Deckung des ventralen
Hautdefektes rotiert wird, wird beschrieben. Die postoperativen Ergebnisse wer-
den diskutiert. Fistelbildung war die héufigste, jedoch leicht zu korrigierende
Komplikation.

Résumé

Entre 1980 et 1986 nous avons pratiqué une intervention de correction en un
temps dans le cas de 224 patients présentant un hypospadias. 100 de ces patients
ont été opérés d’apres la méthode Asopa, modifiée. Elle consiste a effectuer la
rotation en direction ventrale d’un lambeau pédonculé et vascularisé du prépuce
pour reconstituer I'urétre et recouvrir le défaut de la peau ventrale. Les auteurs
discutent les résultats postopératoires. La complication la plus fréquente est la
formation d’une fistule mais elle est facile a traiter.
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Introduction

For decades, hypospadias have been corrected in at least two stages (Ombrédanne
1923; Byars 1950; Cecil 1952; Brown 1953; Culp 1959; Fugua and Belt 1971). Fol-
lowing the pioneering work of Broadbent (Broadbent et al. 1961) Devine and
Horton (1961) and DesPrez (Des Prez et al. 1961), the one-stage operation be-
came more commonly known. Only after work in the 1970s and 1980s by Hodgson
(1970, 1972), Asopa (Asopa et al. 1971) and Duckett (1980) did the one-stage
procedure become widely accepted as routine in hypospadias surgery. The intro-
duction by Gittes and McLaughlin in 1974 of an artificial erection test to evaluate
the presence of true chordee improved the results of one-stage repairs remark-
ably. Preputial tissue has proved to be a valuable material for reconstruction of
the neo-urethra. Following the introduction of Asopa’s technique for ventral
transposition of the dorsal prepuce as a pedicle flap, we undertook a study of one-
stage procedures which led to the development of a technique which satisfies all
the criteria for reconstruction of the several defects in hypospadias.

Patients

In the period from 1980 to 1986, 224 one-stage surgical operations for hypospadias
were performed at the Royal Manchester Children’s Hospital, Booth Hall Hospi-
tal and St. Mary’s Hospital, Manchester, England. The 100 cases in which recon-
struction was carried out using a modification of the Asopa technique are described
here.

Pre-operative assessment showed the urethral meatus to be sited at the
perineum in 4 patients, in the scrotum in 9, on the proximal penile shaft in 12, and
at mid-shaft in 39. Distal shaft hypospadias were found in 36 patients, of whom 5
did not have chordee; varying degrees of chordee were present in all other cases.
The mean age at operation was 5.0 years, the youngest patient being 1 month old
and the oldest 14 years. The majority of the patients were between 3.5 and 5 years
of age.

Method

The modified Asopa technique used is as follows. Under general anaesthesia, a
penile block or caudal anaesthesia with bupivacaine is carried out. A 4/0 silk hold-
ing suture is passed through the glans and used subsequently to retain the 8F feed-
ing tube which is used for urinary diversion. In some instances, holding sutures
are placed on each side of the dorsal preputial hood.

The incisions for elevation of the preputial pedicle flap and mobilisation of the
hypospadiac meatus are marked with Bonney’s blue (Figs.1la,b, 2, 3). Care
should be taken to preserve a subcoronal preputial collar. The prepuce and the
skin over the penile shaft are then extensively mobilised at the fascial plane over-
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Fig.1. a—c Proposed incisions marked with Bonney’s blue. d Back-cut incision of the dorsal pre-
puce. e Suturing of dorsal shaft skin to the mucosal coronal cuff. f~i Formation of neo-urethra.
j Completed repair

lying the corpora as far as the base of the penis (Fig. 4). The chordee is completely
released, allowing the urethral meatus to migrate proximally. A 2- to 3-mm cuff
of urethra is also raised. A back-cut incision is made on one side of the prepuce,
extending as far as the dorsal vein (Figs. 1c, 5). Care is taken to ensure that suffi-
cient skin is left to comfortably cover the dorsal penile shaft (Figs. 1d, 6). The pre-



Fig. 2. Proposed incision of the ventral aspect  Fig. 3. Proposed incision of the dorsal aspect
of the penile shaft, marked with Bonney’sblue  of the penile shaft, marked with Bonney’s blue

Fig. 4. Denuded penile shaft with fully mobi- Fig. 5. Proposed back-cut incision, marked
lised prepuce with Bonney’s blue



Fig. 6. Dorsal aspect after back cut Fig. 7. Dorsal shaft skin sutured to mucosal
coronal cuff

Fig. 8. Construction of neo-urethra: elevation  Fig. 9. Mobilisation of distal end of neo-urethra
of edges of the inner preputial layer from the
outer layer
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Fig.10. Formation of sub-glandular tunnel Fig. 11. Proximal neo-urethral —urethral anas-
with scissors tomosis

putial flap is transposed ventrally on its pedicle and the dorsal shaft skin is sutured
to the residual mucosal cuff at the corona (Figs. le, 7).

The inner glandular surface of the preputial flap (Fig. 1) is incised along all
its borders and the edges are elevated. A skin tube, which will become the neo-
urethra, is constructed to fit comfortably around a 6F or 8F feeding tube (Figs. 1g,
8), the width depending on the child’s age and the size of the penis. A continuous
subcuticular or horizontal mattress inverting suture is used to ensure complete in-
version of the skin edges. The distal end is mobilised (Figs. 1i, 9) and brought
through a sub-glandular tunnel, which is formed by blunt dissection with a pair of
scissors (Fig. 10). The dissection at corporal level extends beneath the glans, fol-
lowing the natural plane; the dissecting scissors are brought just beneath the
meatal pit which is normally present on the glans. This pit is carefully incised at its
deepest point. The resulting tunnel and meatus are graded with Hegar’s dilators
(Fig. 1h) to ensure that the neo-urethra will lie loosely within the tunnel. The dis-
tal portion of the neo-urethra is anastomosed to the deepest portion of the glandular
meatus, carefully preserving the meatal lips. The lateral glandular elements are
then brought together over the neo-urethra with two or three sutures, thus recon-
structing the ventral surface of the glans. The neo-urethra is anastomosed proxi-
mally to the previously elevated urethral cuff (Fig. 11). The outer skin layer of the
prepuce, still attached to the neo-urethra and sharing the same blood supply, is
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Fig.12. Closure of ventral skin defect with
outer layer of prepuce still attached to neo-

urethra
Fig.13. Completed repair (wound drain in- Fig. 14. 3M Micropore tape dressing (wound
serted for 24 h if extensive scrotal skin mobili- drain inserted for 24 h if extensive scrotal skin

sation was performed) mobilisation was performed)
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used to close the ventral penile skin defect (Fig. 1k, Fig. 12). Excessive skin is ex-
cised for better cosmetics, special care being taken not to damage the blood sup-
ply to the neo-urethra. 6/0 Dexon or 7/0 polydioxanone sutures are used through-
out the whole repair.

Figure 13 illustrates the completed repair. The only dressing consists of 3M
Micropore tape, running across the suture line at the ventral surface of the shaft
(Fig. 14). Circumferential dressings are avoided since they may impair the blood
supply. The catheter is retained until healing appears well advanced, usually for
about 10 days. During this period, prophylactic antibiotics (e.g. trimethoprim and
sulphametoxazone) are administered.

Results

Twenty-one patients (21% ) developed fistulae. Of these, 11 had undergone repair
for mid-shaft hypospadias, 8 for distal shaft hypospadias, and 2 for penoscrotal
hypospadias. Six fistulae closed spontaneously; one was only minimal, at the glan-
dular tip, and was not treated further. Ten have been repaired, while 4 are still
awaiting surgery. One child developed a stricture at the neo-urethra-urethral
junction, requiring further operation. Three patients developed a meatal stenosis
of which one was released surgically.

Skin dehiscences occurred in two cases and these have undergone a successful
second reconstruction.

In three patients torsion of the penile shaft occurred, requiring surgical correc-
tion in all cases.

No residual or recurrent chordee was seen.

The post-operative functional result — evaluating force, quality and direction
of the urinary stream — was good in 77, acceptable in 10, and poor in 13 patients.
Post-operative cosmetic appearance of the repair, assessed by the surgeon, was
good in 55, acceptable in 31 and poor in 14. The parents felt the results of the
repair to be good in 69, as acceptable in 22 and as poor in 9.

Five patients have gone through puberty, all showing full penile growth. There
has been no instance of recurrent chordee in these cases.

Discussion

Despite the incidence of complications, correction of all the defects in hypo-
spadias should be undertaken as a one-stage procedure. The technique should
completely correct the chordee, reconstruct a urethral tube from tissue which has
the potential for growth, and should bring the meatus to its normal site on the
glans. Furthermore, it should attempt to reconstruct the glans towards normality,
with special emphasis on maintaining a normal vertical meatal configuration in
order to provide a concentrated urinary stream. Finally, it should import suffi-
cient tissue to fill the often extensive ventral skin defect over the penile shaft. At
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the end of the procedure, having satisfied all these criteria, the appearance of the
penis should be similar to that following a routine circumcision. It is obvious that
correction of all defects by one operation at a young age avoids the psychological
trauma (24, 17) of repeated hospitalisation and operations on a sensitive organ
which have led in the past to the ‘hypospadias cripple’.

The age for hypospadias repair has often been dictated by social criteria, such
as school age. The majority of the patients in our series were operated on between
the ages of 3.5 and 5 years. Experience with the one-stage procedure in younger
age groups has led us to agreement with Belman and Kass (1982), Wacksman
(1983) and Schultz et al. (1983) that operation before the end of the 1st year of life
is a safe and feasible proposition. Furthermore it takes advantage of the lesser
scarring and better growth potential of younger tissue. The only disadvantage of
early operation relates to the smaller size of the tissues, which demands greater
surgical expertise. Optical magnification (Wacksman 1984) and the pre-operative
use of topical dehydrotestosterone to improve penile size and quality of tissue
(Monfort and Lucas 1982; Monfort et al. 1983) have been suggested as helpful
measures to reduce these difficulties.

There are points of difference between our modification of Asopa’s technique
and other similar repairs. Construction of the neo-urethra is performed along the
transverse (occasionally oblique) axis of the pedicle flap, retaining the attachment
of the inner to the outer layer of the prepuce. This causes less disruption of the
vascular layer and hence ensures a much better blood supply to the neo-urethra
and the skin to be used for ventral shaft cover. It has not been found necessary to
island the neo-urethra as Harris (1984) and Duckett (1980) have proposed. In-
deed, our clinical observation suggests that this may lead to unnecessary interfer-
ence with the blood supply and, hence, the viability of the outer layer of the pre-
putial skin.

Retention of a large part of the outer layer of preputial skin proved to be a
major disadvantage, in that it led to an unnatural appearance because of excessive
bulk. The technique was therefore adjusted to include resection of all excessive
skin, thus giving a cosmetically acceptabe, normal-looking penile shaft. Care
should be taken not to overdo this aspect of the procedure, since it may resuit in
torsion of the penile shaft.

A most striking feature of the penis is the appearance of the glans. The hypo-
spadiac glans is splayed ventrally and thus requires reconstruction. A more nor-
mal appearance can be achieved by rotating the lateral elements of the glans and
opposing them ventrally, thus reconstructing the frenular area. Of major impor-
tance to a concentrated, ‘riffled’ urinary stream is a vertical meatus with well op-
posed meatal lips. The neo-urethra should therefore be sutured to the depth of
the glandular pit, so as to preserve the well-formed meatal lips which are invariably
present. This feature, combined with a neo-urethral orifice wide enough to com-
fortably accommodate an 8F feeding tube, has led to a marked reduction in the
incidence of meatal stenosis.

We attribute the low incidence of neo-urethra—urethral strictures to the for-
mation of a wide, tension-free anastomosis between well vascularised tissues. In-
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version and accurate apposition of the anastomotic edges by subcuticular or inter-
rupted horizontal mattress sutures are important to rapid healing and may be sig-
nificant in reducing the rate of fistula formation. The fistula rate remains unac-
ceptably high, although it compares reasonably with other authors’ experiences
(Kelalis 1981; Monfort et al. 1983; Ottolenghi 1984). The majority of fistulae oc-
curred within the first group of 30 patients. Subsequent results improved as the
technique and surgical skill became more established. Secondary procedures for
correction of complications have proved to be relatively simple and uncompli-
cated, such that the vast majority of patients have required only one further inter-
vention.

Five patients have completed puberty with no suggestion of recurrent chordee.
Although this is as yet only a small number of patients and, hence, not significant,
this feature is consistent with the expectation of full growth and extensibility of
the vascularised full-thickness skin used for the construction of the neourethra.

In conclusion, the one-stage hypospadias repair has proved to be a major ad-
vance in hypospadias surgery. The technique, leading to a normal penile appear-
ance, can be successfully applied to the child under 12 months of age, avoiding the
psychological upset associated with repeated operative intervention on a sensitive
organ in the older age groups.
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Reconstruction of Foreskin
in Distal Hypospadias Repair

P.Frey"? and S.J. Cohen'

Summary

In the period between 1980 and 1985 101 one-stage repairs for distal hypospadias
were carried out. Fifty-five patients were operated on using the Magpi technique
as originally described by Duckett (1981). The hypospadias of the remaining 46
patients were corrected using a modification of this technique incorporating re-
construction of the foreskin.

The technique of the modified, prepuce-preserving operation is described.
Despite complications such as moderate meatal stenosis, fistulae and glandular-
meatal as well as foreskin dehiscence, the overall functional and cosmetic results
were very good.

Zusammenfassung

Von 1980 bis 1985 wurden 101 distale Hypospadien in einer Sitzung operativ kor-
rigiert. 55 Patienten wurden nach der Magpi-Methode operiert, die von Duckett
(1981) beschrieben wurde. Bei den iibrigen 46 Patienten kam eine Modifikation
dieser Methode mit Vorhaut-Rekonstruktion zur Anwendung.

Die Technik der modifizierten Methode zur Erhaltung der Vorhaut wird be-
schrieben. Trotz aufgetretener Komplikationen wie méBiggradige Meatus-Ste-
nose, Fisteln und Glans- sowie Vorhautnaht-Dehiszenzen waren die funktionellen
und kosmetischen Ergebnisse im Ganzen sehr gut.

Résumé

Entre 1980 et 1985 nous avons pratiqué 101 interventions chirugicales en un temps
dans le but de corriger des hypospadias distales. 55 patients ont été opérés selon
la méthode Magpi, telle qu’elle a été décrite pour la premiere fois par Duckett
(1981). Dans le cas de 46 autres patients, cette méthode a été modifiée et com-
prend la reconstitution du prépuce.
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Les auteurs décrivent la méthode utilisée pour sauvegarder le prépuce. En
dépit de certaines complications prévisibles, telles que sténose modérée du méat,
fistules et déhiscences au niveau du gland et du méat, les résultats fonctionnels et
esthétiques obtenus sont trés bons.

Introduction

Distal hypospadias, in which the urethral meatus is in a glandular, coronal or sub-
coronal position after release of any fibrous chordee, is by far the most common
variety of hypospadias. It accounts for more than 70% of all hypospadias (Duckett
1982; Juskiewensky et al. 1983; Man et al. 1984). The typical feature of this group
is the incomplete fusion of the ventral prepuce and its dorsal bunching.

Although they cause relatively minor functional disabilities, such as ventral
deflection of the urinary stream and/or spraying, they do represent aesthetic and
psychological problems which are often underestimated. The aim of any repair
should be the reconstruction of a normal looking, adequately functioning penis,
with the meatus at the tip of the glans and the prepuce reconstructed.

We therefore practise Cohen’s modification of the well-established Magpi
operation (meatal advancement — glanduloplasty) first described by Duckett (1981).
But we always preserve and reconstruct the foreskin, providing the patient or his
parents do not ask for circumcision after having had the possible operative proce-
dures and their complications carefully explained.

Patients

Between 1980 and 1985 101 one-stage repairs for distal hypospadias were per-
formed at the Booth Hall Children’s Hospital and the Royal Manchester Chil-
dren’s Hospital, Manchester, England.

Most of the patients were operated on by two experienced paediatric sur-
geons. In 46 of the patients the hypospadias was corrected with a modified Magpi
procedure and the foreskin was reconstructed. Of these, 9 presented with a glan-
dular hypospadias, 30 with a coronal hypospadias and 7 with a sub-coronal hypo-
spadias. The mean age at operation was 4.4 years.

The remaining 55 patients, which are not discussed in this paper, underwent
the original Magpi operation.

Technique

Once general anaesthesia is established the patient is given either a penile block
or caudal anaesthesia with bupivacaine. To assess the presence of chordee an
erection test as described by Gittes and McLaughlin (1974) is performed. In order
to minimize bleeding the ventral aspect of the glans and the ventral distal para-
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Fig. 1. a—d. Meatal advancement.
e-g Dista] urethral reconstruction.
h Glanduloplasty.

i-k Reconstruction of the foreskin
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Fig. 2. Heineke-Mikulicz procedure of meatal  Fig.3. Completed meatal advancement
advancement

Fig. 4. Flap is raised and lifted up through 180°
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Fig. 5. Glanduloplasty completed. Notice the gaping skin defect proximal to corona which ought
to be sutured before reconstruction of foreskin is carried out

Fig. 6. Sharp dissection separating the shiny mucosal layer of the prepuce from the outer skin
layer

urethral tissue is infiltrated with 0.5-1 ml lignocaine 0.5% — adrenaline 1:200,000
solution.

Stay sutures using 3/0 silk are placed in the tip of the glans and in both sides of
the dorsal prepucial hood, and the lines marking the planned incisions are drawn
with methylene blue (Fig. 1a).

The glans is split longitudinally from the planned site of the neo-meatus, often
marked by a glandular dimple, to the posterior edge of the hypospadiac meatus
(Fig. 1b). Care should be taken to lay open or excise the blind-ending accessory
urethral pit, occasionally found distal to the hypospadiac meatus. The gaping,
longitudinally split glans is sutured transversely with polydioxanone (PDS) 6/0 or
7/0 sutures as in the Heineke-Mikulicz procedure (Figs. 1¢, d, 2). Duckett’s meatal
advancement is now completed (Fig. 3).

The lateral glandular “ears” are well mobilised, the dissection starting from
the lateral edges of the meatal advancement suture line, continuing proximally to-
wards the corona of each side (Fig. le). A small flap similar to the one described
by Mathieu (1932) or a flip-flap (Wacksman 1981) is raised (Figs. 1f, 4). Care is
taken not to damage the urethral roof which can be extremely thin at this level. If
there are fibrous bands forming chordee, these are released. The raised flap is
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Fig.7. Reconstruction of inner mucosal layer Fig. 8. Completed repair: outer aspect of fore-
of prepuce skin

Fig.9. Completed repair: retracted foreskin Fig. 10. Silastic foam dressing applied
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Fig. 11. Repair 2 months post-operatively: Fig.12. Repair 2 months post-operatively:
outer aspect glandular aspect with retracted foreskin

fixed with two PDS 7/0 sutures to the under surface of the mobilised glans at the
two lateral edges of the meatal advancement suture line. Single sutures then fix
either side of the lateral edges of the flap to the penile fascia, having been exposed
following glandular mobilisation (Fig. 1g). The mobilised glans is adapted over
the neo-urethra with PDS 6/0 sutures, starting at the corona. The distal ventral
neo-urethra is fixed with the most distal suture of the glans repair (Fig. 1h). The
glanduloplasty is completed (Fig.5). The skin defect proximal to the corona is
closed with interrupted PDS 6/0 sutures.

At this point the inner, shiny mucosal layer of the foreskin is separated from
the outer skin layer by sharp dissection with pointed scissors (Fig. 1i, 6). The inner
layer is mobilised and approximated with continuous or interrupted inverting
sutures (Fig.1j, 7). After careful haemostasis the outer layer of the foreskin is
closed (Fig. 1k). Figures 8 and 9 illustrate the completed repair. A feeding tube
(e.g. no. 6) can be left in the bladder and is fixed with the glandular holding suture.
As a dressing we prefer silastic foam (Fig. 10) or 3M Micropore applied directly
to the wound. If the latter is used care should be taken only to dress the hemicir-
cumference, to prevent venous and lymphatic congestion.

Figures 11 and 12 illustrate the result of the repair two months post-opera-
tively.
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Results

The post-operative follow-up of the 46 patients who underwent hypospadias re-
pair and reconstruction of the prepuce showed the following complications:

Five patients developed a minor fistula. One of these closed spontaneously;
another was very close to the neo-meatus and did not require repair.

Mild stenosis of the neo-meatus was present in another five cases but resolved
after one or two urethral dilatations.

Meatal-glandular dehiscences were seen in six boys; three of them were only
of cosmetic relevance.

Of the 10 cases where dehiscence of the foreskin occurred, one required cir-
cumcision and six needed further repair. The remaining three showed only mini-
mal dehiscence at the tip.

Wound infection with Escherichia coli developed once. We therefore treated
all our hypospadias repairs prophylactically for 5 days with trimethoprim and
sulphametoxazole. None of the patients developed a secondary phimosis.

Twelve patients required a second operation, three of them due to functional,
nine due to cosmetic reasons. A third operation was necessary in one case in
which a fistula reoccurred.

The overall functional result — evaluating the force, quality and direction of
the urinary stream — was very good or good in 89.1% of cases and acceptable in
10.9% . There were no poor functional results. The cosmetic-aesthetic appearance
of the reconstructed penis, as assessed by the surgeon, was very good or good in
73.9% of cases, acceptable in 15.2% and poor in 10.9% . The patient or his parents
judged the post-operative result of the repair as very good or good in 78.3%, ac-
ceptable in 15.2% and poor 6.5%.

Discussion

Out of a variety of operative techniques which have been described for distal
hypospadias repair — procedures involving either constructing a new skin tube
(Kim and Hendren 1981; King 1970, 1981; Mustardé 1965) or raising a ventral
proximal skin flap (Mathieu 1932; Ombrédanne 1932; Konrad and Neisius 1985)
— we prefer Duckett’s Magpi procedure if circumcision is requested and for all
cases without fibrous chordee or “skin chordee.”

However, the goal of our repair is the reconstruction of a normal penis: nor-
mal in appearance and in function, as demanded by Duckett and many other au-
thors. But in addition we try to reconstruct a normal-looking foreskin. We there-
fore perform the technique described above in all cases in which we pre-opera-
tively decide for the reconstruction of the foreskin as well as when we intra-opera-
tively find fibrous chordee or “skin chordee” requiring release.

Agreeing with Maier’s findings (W. A. Maier, 1986, personal communication),
we found in our series a surprisingly high demand for preservation of the foreskin
after we had explained to the patient and parents the possibility of preputial re-
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construction. Maybe, the Old World is more conscious than the New of the beauty
of a well-reconstructed, normal-looking foreskin!

We are fully aware that in our series the complication rate is higher than what
is normally stated in the literature. We believe that this is due to the fact that our
complications, evaluated by very careful and self-critical post-operative assess-
ment, also include very minor complications as well as these which arose during
the learning period. All the same, the closure of a fistula, the repair of a dehiscence
or the dilatation of a meatal stenosis are only minor procedures and can be done
as day surgery cases. Almost 100% of our cases overall proved to be functionally
and cosmetically successful after the occasionally necessary secondary minor pro-
cedure.

Agreeing with Schultz et al. (1983) and Wacksman (1984) in their evaluation
of the psychological trauma caused by the operation, and on the basis of our own
findings regarding functional and cosmetic results, we believe that distal hypo-
spadias repair should be performed either in early infancy, between 9 and 15
months, or between the ages of 2.5 and 3 years. The very early operation certainly
requires the use of magnifying loops or operating microscopes, which as yet is not
common practice.
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